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10767 10701 
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10961 10892 
11067 10990 


From the inspection of these, tables it will be seen that, as a general, though not 
^iversal, rule, those substances expand most rapidly at ordinary temperatures whose 
boiling-points are lowest; that isomeric compounds having the same boiling-point; 
expand at the same or very nearly the same rate (e. ff, formate of ethyl and acetate of 
methyl, C*H*0*; propionate of etlyrl and butyrate of methyl, C*H'*0*; butyrate of 
ethyl and valerate of methyl, C^H'K)*); that the rate of expansion of each liquid 
increases as the temperature rises. This last fact becomes still more apparent on 
comparing the coeflScients of expansion at different temperatures (for a table of the true 
efficients of expansion of the liquids examined by Pierre, see Gmelin's 
iiandbook, i. 226), and a consequence of it is that, when the volumes of different liquids 
are compared at the same number of degrees below their several boiling-points, the 
volume of each liauid;at its boiling-point being taken as unity, the alterations corre- 
^ndj^ to equal intervals of temperature are found to be often much more uniform 
than when the comparison is made (as in the tables which follow) for the same absolute 
emperaturas. (Tables of Pierre's results, calculated for equal distances from the 
Doiliiig.poiiits, are given in fftielin's Handbook, i. 227-230.) 

^ ®*i**^*^ liquids by the methods already described are 
beH||.1ihe ordinaiy boiling-points, but by special methods such 
«*teno9f:i6 higher temperatures, and it is then ffiond that the 
owing of expa^ion e^tlnnes up to the highest points at which determinations 

oe maa^ so Uia^ nndir such circumstances, liquids may expand as rapidly as 
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puses, or even more mpklly, for equal inerementa of temperature. Detenniuations of 
the exi)ansion of water above 100®, hy Mendcl^eff, have already been given (p. 59); 
the preceding table (p. 66) contains the results of the ol«ervations of Brion (Ann. 
Ch. Phys. p] lyi. 5), Andreeff (ibid, Ivi. 317), and Mendelejeff {he. cit.) on 
some other liquids at terapemtures al>ovo their usual boiling points. To servo as a 
standard of comparison, the expansion of air is given in the last column of the table. 

expansion of Solids. — In speaking of the expansion of solid l)odies, it is needful 
to distinguish between fimar expansion, or the increase in length of a linejir unit ; 
Ruperfivtal expansion, or tlie inenntse in the area of a unit of surface; and cubical 
expansion, or the increase in bulk of a unit of volume. If a solid body, whose length 
is A linear units, expands, when heated from 0® C. to 1®, so as to measure A + a at the 
higher temperature, a portion of its surface containing A* superficial units at the low'or 
temperature will become (A + a)' when expanded, and, it tha wme time, the volume A* 
will become (A + <i)*. We have therefore for the incre^pcrlii Imgth, or 

linear expansion, A + a —A fbr the 

supeiheial expansion, (A + «)* — A* « 2Aa for the 

cubical expansion, (A + a)* - A* « BA^a + 3Aw* + a*. 

Put since a is always a very small fraction of A, a- is also a very small fraction 
of a; hence the second and third lerm.s of those expressions may be omitted. Accord- 
ingly, the expaiyjiou of A lim-ar unif-s may be taken as a, tlie exjmnsion of A* snpei*ficial 
units as 2Aa, and the expansion of A=* cubical units as ZA'br. d'lie rorfficini/s of linear, 
superficial, and cubical expansion, or the expansion of one unit of each kind, will 
therefore be respectively 


2An 


A’ 


and 


ZAhi 

A> 




that is to say, the eoeffici<Mit of superficial expansion is iwicr ns great, and the coeffi- 
cient of cubical expausioii three times as great as the eooffiei<*nt of linear expansion. 
When a hollow vessel is licntcd, its capfieity increases to exactly the same extent as 
it would do if filled with the .substance of which its sides are eom]>()S('d ; that is, its 
expansion is the same -as the cubical expansion of a solid mass of the same material 
and dimensions. If k ho the coeffit-ient of cubie.il ex}>ansion of any kind of glass for 
a ri.se of temperature of 1® C., a vessel made of this glass and liaviiig the capacity 
at 0'^, would have at the capacity J j rs (1 + /), fSimilar considerations aro 

a}.pli.*able in the ease of a glass vessel which is divided into j)ar1s of <‘qnal capacity by 
a scale etched upon tin* side, wlien tlie space e<>mprised between two eon.secutive divi- 
siu!»s at 0® is taken a.s the unit of enj.acity. The apjairent volume read off at P, 
vvoulil then corre.spond to the real volume J'o (1 + k referred to the unit adopted. 

])(fermi)iattovs oj Ijnear K.vpansion. --V]\o linear expansion has been measured for 
tlie greater number of such substances as can ho obtain'd in tln^ form of rods or bars 
of e«)nsiderable length. For the pur[)Osc of such measurements, one end of the bar 
IS fixed immovably, and its length is measured, l»y means of niierometrie apparatus 
attached to the other end, at tw<* known temp<Ta1 nres, sneh ns 0® and 100® C., which 
can be maintained constant sufficiently lus'g to make it certain that they have been 
attained by the bar throughout its wlioie mass. The follown'ng table of linear expansions 
betueen 0® and 100® C. is from Ure’s Diciionarn of Chimistry, od. 1836, pp. 271, 272. 
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BJBMAVBSnr* Blood-6rown. (Simon, Mcdicin, Chem. i. 328; Handw. d. 
Chem. 2‘*. Aufl. ii. [2] 157.) A brown substance, probably a product of the decom- 
position of haematin, obtained from blood by the following process : — Dried blood is 
repeatedly exhausted with boiling water, warm ether, and lastly with alcohol contain- 
ing sulphuric acid, and the latter solution, after siipersatu ration with ammonia, is 
evaporated to dryness. The residue is exhausted with alcoholic ammonia, the solution 
is again evaporated to dryness, and the residue is exhausted with ether, and then 
repeatedly with water, in which the hfiemaphein dissolves. To free it from still 
admixed haematin, it is dried, dissolved in boiling alcohol, separated again by evapo- 
ration, then dissolved in cold alcohol, and the alcohol is evaporated. The product 
thus obtained is a brown mass difficult to pulverise, soluble with brown-red colour in 
cold alcohol, less soluble in water and in ether. It does not melt when heated, but 
burns with a bright flame, without leaving any ash. The solution in dilute alcohol 
forms brown precipitates with lead, copper, mercurous and silver salts. Sanson 
obtained a body of similar colour to the above by treating blood successively with 
alcohol and water. 


BJBMBTBXSr. or (Erdmann, Ann. Ch.Phann.xliv. 294.— 

Hesse, ibid, cix. 232.) — A substance produced from hiematoxylin by abstraction of 
2 at hydrogen, a change which takes place by the action of oxygen under the influence 
of alkfdis. The best mode of preparing it is to sprinkle about 20 grms. of hfiematoxyliu 
in a basin with sufficient ammonia to dissolve it, stirring continually, and warming the 
liquid gently as long as the hsematoxylin remains in excess. It must now be exposed 
to the air, and ammonia added from time to time by small quantities, so that the 
liquid may always smell of it, care being however taken not to add too much ammonia, 
as it would cause decomposition. The liquid after a little while assumes a dark red 
colour, appearing almost black when viewed in a stratum of moderate depth. It 
then contains hsemateate of ammonium, and on being slightly supersaturated with 
acetic acid, deposits haematein in the form of a bulky brown-red mass, like ferric 
hydrate, which by d^ing acquires a deep green colour and metallic lustre : its powder 
in thin layers, ei^bits a red colour. 

Hsmatein dissolves slowly in cold, more readily in boiling water. On quickly 
evaporating a solution prepared at the boiling heat, it becomes covered witJi 
green scales, which sink to the bottom and are gr^ually replaced by otheia, 
times also the solution solidifies in a gelatinous mass, which yields micaceoat ) 
when suspended in water. Hsematein likewise dissolves in alcohol and ver 
in ether. It dissolves with red-brown colour in the mineral acids, less < 
add. 'Sulphydric acid decolorises it, but does not convert it into lu 
carbonised by beat. 

Hsematein unites TeadOy with bases. Potash dissolves it, forming soil 

which turns brown on exposure tathe air. AmTMnia dissolves it wit^ a fine pv 
colour, which likewise turns brown in the air. 
voL. m B 
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Linear Expansion of Solids hy Heat. 
Dimeniions which a bar takes at 100° C. whose length at 0 is 1* 
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2 H^MATIN. 

The laat-meutioned solution contains hsmateste of ammonium, which Is like 
wise formed when a solution of hsematoxylin in ammonia is exposed; to the ail 
The salt deposited by gradual evaporation is a dark violet, granular powder, whicl 
when examined by the microscope, appears to be composed of transparent, violet, foui 
sided prisms. It contains, according to Erdmann's analysis, 56 26 per cent. C, 6’17 B 
and 6 72 ’N (mean), whence Gerhardt {Traite, iv. 303) deduced the formal 
C'*H'®(NH^)*0* (57*6 C, 6*4 H, and 8 3 N). Hesse, by leaving the solution to stau 
for two or throe days in a cool place, obtained crystals in which he found 51*87 C, 6*7 
H, and 3*56 N (mean), agreeing nearly with the formula C'®H®(NH^)0*.4H*0, whic 
requires 61*75 C, 5*66 H, and 3*77 N. Haemateate of ammonium dissolves readily i 
water and alcohol. The alcoholic solution is red-brown, but becomes purple on additio 
of water* The salt gives off water and ammonia at 100° C. and must therefore I 
dried over sulphuric acid at ordinary temperatures; even then it sometimes decompose 
Over sulphuric acid in vacuo, it gives oiF all its ammonia and leaves haematei 
(Erdmann). According to Hesse, it gives off all its water and ammonia at 130° C 
leaving haematein as a very hygroscopic powder, having a blackish violet colour wit 
green iridescence. 

Haematein thus obtained contains, according to Hesse’s analysis, 67*66 per cen 
carbon, and 3*60 hydrogen, a^eeing nearly with the formula C'*H*®0®, whjch require 
68*08 C and 3*64 H. Erdmann found in his haematein 62*66 per cent. C and 4*1 
H (mean), whence he deduced the formula Gerhardt {TrenU^ iv. SOi 

proposed the formula which, however, does not agree very well with Ere 

mann’s analyses, requiring 64*0 per cent. C and 4*0 H. Hesse suggests that Erdmann 

QieUioQi k 

hfiomatein may be a dibasic acid, > 0*, and the product, C'*H'*0*, obtained b 

himself, the corresponding anhydride ; on this supposition, the two ammonium-sail 
above mentioned are, perhaps, j 0* and jj 

The solution of hsemateate of ammonium forms coloured precipitates with man 
metallic salts : with acetate of lead it produces a deep blue precipitate ; with sulphat 
of co^eTy violet-blue; with protochloride of tiny violet; with iron-aluniy black. Wit 
chloride of barium it forms a dark purple liquid, which becomes brown on exposure t 
the air. It reduces nitrate of silvery but has no action on mercuric chloride. Accorc 
ing to Hesse, it forms with chloride of hariumy chloride of calciumy and especial! 
with chloride of sodiuniy precipitates of various colours ; no precipitate with hype 
sulphite of sodium ; with acid sulphite of ammoniuniy a gelatinous precipitate, whic 
disappears on boiling. 

BJBAKATXir or BJBlISikTOSZB* The red colouring matter of the blood-coi 
pnscles. (See Blood, i. 607.) Lehmann (Compt. rend. xl. 386) first showed that 
may be obtained in the crystalline stute. R. Schwarz (Zeitschr. f. die ges. Naturwit 
Bench, xi. 225) prepares it in this state by submitting the comminuted clot of ox-blooc 
'freed as much as possible from serum, to pressure, and agitating the expressed liqui 
by small portions with a saturated solution of oxalic acid, with addition of alcohol an 
a large quantity of ether. The clear dark brown solution, decanted after a few minute 
and left to stand for some weeks over chloride of calcium, deposits the hsematiu i 
small black nodules made up of cubes, which may be freed from admixed oxalate c 
calcium by means of dilute hydrochloric acid. Less distinct crystals may be obtaine 
by leavTng the ethereal solution to evaporate freely ; but the quantity is always smal 
A solution of heematin obtained as above from horse-blood, yielded, on standing, sma! 
rush-shaped or spindle-shaped eiystals, red-brown by transmitted light. Hsemati 
may be obtained in the amorphous state by distilling off about a third af the ether frot 
the solution, and mixing the residue with a large quantity of wat qj^ CHie black flock 
thus precipitated are washed with water by decantation ; then boiltt^th strong aceti 
acid, to free them from albuminous compounds, as long as the liqiwpls rendered turbi 
by ferrocyanide of potassium ; and, lastly, the precipitate is boildflil^th watd^, alcohol 
and ether in succession, and then again treated with water. The crystallised com 

S tand may be subjected to the same treatment without undergoing any alteratioi 
esmatin thus prepared is tasteless and inodorous, insoluble in water, cold alcohol, an^ 
fther ; partially (?) soluble in hot alcohol, easily in acidulated alcohol, whence it i 
V precipitated by water. The solution in acidulated alcohol is decolorised by peroxid 
Hsematin likewise dissolves easily in slightly alkaline liquids, but not i) 
enlphuri or hydrochloric acid. Silver, lead, and copper-salts form precipitate 
%i fhd aaunoniaeal solution. Hssmatin, when bumt^ leaves a residue of Hrric oxid 
]|^ed with small quantities of caleic phosphate. 

The following analyses of bsematin by Schwaix, give results not differing greatl, 
tnm those formerly obtained by Hulder (whence the latter deduced the formul 
€l*^H**FeN*0*), but agreeing better with the formula C"H**FeN*0*. 


LINEAR EXPANSION. OP SOLIDa G9 


Linear Expansion of Solids hy Heat. 


Dimensions which a bar takes at 100° C. whose length at 0° is 1*00( 000. Expan- 

sion. 


Ziuc, hammered out J inch per foot . Smoaton . 

Glass, from 0° to 100° . . . Dulong and Petit 

„ from 100° to 200° . . . „ ft • 

„ from 200° to 300° ... 

The last two measurements by an air-thermometer. 


1 00301100 
1 00086130 ^ 
1-00091827 
1-000101114 


Messrs. Calvert, Johnson, and Lowe have determined the linear expansion of a con- 
siderable number of metals and alloys by a modification of the method above described, 
for tlie details of which wo must refer to the original paper published in the Mtchanicd 
Magazine. 

The following are the linear expansions of simple metals between 0° and 100° 0. 
thus determined: — 


Cadmium (pure) . 

Lead (pur(') . 

Tin (pure) 

Aluminium (commercial) 
Zinc, forged (pure) 

Silver (pure) 

Gold (pure) . 

Lismuth (pure) 

Wrought iron 
Cast iron 
Steel (soft) . 

Antimony (pure) . 
Platinum (commercial) . 


0-00332 
0-00301 
0-00273 
0-00222 
0-00220 
0-00199 
0-00138 
0-00133 
0-00119 
0-00112 
0-00103 
0-00098 
0 000G8 


From the preceding table it will be seen that the coefficients of expansion of the metals 
vary with their pliysical condition, being different for the same metal according as it lias 
been cast, hammered and rolled, hardened, or annealed. As a genm-al ruh‘, tlioso 
oj»erations which increase the density, appear also to increase the rale of expansion ])y 
heat. But even for substances in apparently the same condition, difieront observers 
liave frund very unequal amounts of expansion; this may arise, in tlie case ofVom- 
pound sul)stanccs, such as glass, brass, or steel, from a want of uniformity in chemical 
composition, and in simple bodi(‘s from sliglit differences of })hysical state. Hence, hi all 
ca.scs where great accuracy is required in the determination of tlie linear expansion, as in 
rods employcil for jiendulum observations, or for the measurement of the base-lines of 
survcy.s, it is impossible to rely upon the results of previous determinations of tho 
expan^ion of the mat<*rial in question ; but the linear expansion of each individual rod 
iiiu.st be determined by a special experiment : this was done, for instance, by Do Borda, 
M-itli each of the four platinum measuring rods (each two toises, or twelve French feet 
long), which were employed in the measurement of tho arc of meridian, from which tho 
length of the metre was deduced. 

Copper rods were laid upim the platinum rods, and lioth w'ere firmly fixed together 
at one end; the copper rods carried a divided scale at tho other end, which indicated 
directly the twenty-thou.sandth part of their length, while by means of a A’crnier 
attacheil to the corrcs|)ondiiig end of the platinum rods, tenths of these divisions, or 
aV.out the one-hundredth part of a French line, could bo read off. In this way, the 
<hfierencc in the expansion of two rods of the same hmgth hut different materials can 
be determined with great accuracy, and if the coefficient of expansion for the material 
of one roll is known, tho coefficient of tliat of I lie other can be calculated. 

If lx)th rods have the same lengtli, L, at 0°, and at ^° one has the length IJ ~ L 
the other the lengtli L" ~ L{\ + a'/), we have //— a'). But 

i- ~ //' is the ohserA'ed difference of length at tho temperature and hence if a is 
known, o' is easily calculated. In tliis way, Dulong and Petit deduced tho linear ex- 
pansion of copper from that of platinum. 

If, on the other hand, the expansion of the material of two rods thus unib.'d is 
known, and can be taken as projwrtional, within certain limits of temperature, to the 
indications of the mercurial thermometer, tlie combination of the two rods may bo 
employed as a metallic thermometer. The measurement of temperatures in this way 
IS sjx'cially valuable in the case of standard measures of length, which can thus be 
rna<le to indicate their o>vn temperature. If, for instance, the two rods have the same 
length at 0°, and differ at 100° by the amount L, and at ^ by the amount d, the tem- 
perature is given by the equation ^ 100. 


H jEMATINONE —H^MATOrDIK. 





Schwars.* 


Mulder. 



r 


CryttallUed 


CalcukUion, 


Amorphoui. 

flrom horse- 





■*■■—> 

blood. 


C« . . . . 

66*35 

64*12 

63*89 

64-03 

66-68 

H« . , . . 

5*28 

6*31 

5*28 

6*60 

6*30 

Fe . . . . 

6*73 

6*36 

, 


6*73 

N» . . . . 

10*10 

10*19 

. , 

10*17 

10*54 

o» . . . . 

11*64 

11*00 

. 


11*86 

Phosphate of) 


3*02 




calcium ) 

* 






Too^ 

100*00 



100*00 


When an alcoholic solution of eiyatallised heematin is boiled with nitric acid, the 
whole of the nitrogen of the haematin is removed, and a non -azotised acid is formed, 
together with a suostance which reduces cupric oxide in alkaline solution, and ter* 
ments with yeast, yielding alcohol and carbonic acid. 

The name htsTfnaiin is sometimes also used as a synonyme of H-®matoxylin. 
KJBBKATZXrOVZU A red glass known to the ancients, and used for mosaics, 
ornamental vases, &c. ; it is mentioned by Pliny, and occurs pretty frequontly among 
the ruins of Pompeii. Its colour is a fine red, intermediate between red lead and 
vermilion. It is opaque, harder than common glass, takes a fine polish, has a con- 
choidal fracture, and a specific gravity oT 3-5. The red colour, which is due to wd 
oxide of copper, is completely destroyed by fusion, and cannot bo restored by any addi- 
tion whatever. The fused mass has a greenish black colour, which reducing agents 
merely convert into a muddy brown-red. Haematiiione contains no tin, and no colour- 
ing substance except cuprous oxide. , » . j- 

This antique glass may be exactly imitated by the following process, discovered by 
Pettenkofer (Dingl. pol. J. cxlv. 122):— 100 pts. of silica, 11 lime, 1 magnesia, 
33 litharge, and 60 carbonate of soda, are fused together, and to the clear gbiss 

thus produced are added 25 pts. of scale oxide of copper, somewhat later 2 pts. ot scaie 
oxide of iron, and, lastly, a small quantity of charcoal. On leaving the ^ 

cool slowly, a liver-coloured glass is obtained, which, when further heated (for 
hours) till it softens, is converted into haematinone of a splendid red colour, in conse- 
quence of the separation of a red cuprous compound within its mass. 

A more fusible glass, made by melting together 100 pts. 'Iilica, 10 lime, 0 6 mag- 
nesia, 40 litharge, 60 carbonate of soda, 30 scale oxide of copper, 2 alumina, and 
3 scale oxide of iron, exhibits, after once slow cooling in the air-furnace, a great 
number of red points, diffused through a yellowish vitreous mass ; on cutting and 
polishing this glass, the red points appear as beautiful tufts of needle-shaped crysUls, 
^When part of the silica in haematinone is replaced by boric anhydride (by adding 
borax to the melted mass), a dark-colourcd, dichroitic, crystalline compound is obtained, 

called astralite (i. 429). i / v ti 

Pettenkofer is of opinion that the same crystalline cuprous compound (whether pure 
cuprous oxide, or more probably cuprous silicate) which imparts the red colour o 
luematinone, constitutes likewise the crystalline spangles contained m aventurm giaK* 
(i. 477), which in fact he has produced by fusing Inematinone with a quantity ot iron 
fibngs. Buflacient to reduce about half the copper contained in it to the rnctallic state 
(the metal then settling down in the form of a regulus, and leaving a 
black, scarcely transparent glass above), heating this glass for ^ ? Phera^t 

rature at which it softens, and then leaving it to cool very slowly. ( Jahresb. d. Chem. . 
1061; ix. 798.) 

BJBlIf ATXT& Native sesquioxide of iron. (See InoN, oxides of.) 
BJBMATO-CK’rSTAXAXir. A crystalline substance obtained from 
606). It has the composition of the albuminoids, and if quite pure wotUd probably 
be colourless, but it has never yet been obtained perfectly free from hsematin. 
wfwA f Syn. with ll.aafATO-CBTSTAi.Liir. 

BJBMLA.TOXl>X3ir. A crystalline substance often found in extravasated blood 
(i. 607). It appears to bo produced by the decomposition 
of the transfol^ion has not been exactly made out According ^ 

Dollfus (Compt rend, xxx. 306), crystals resembling 
from ox-blood ^ filtering it after coagulation by heat; 
syrup, and mixing it with alcohol ; strongly concentrating the 

rSTfei V^piLe; and mixing it, wlen cold, with dilute sulph^c amd^ 
globulw then s^aiate on the sur^ of the liquid, and somstimes red crystals » 
sembling hsematoTdin. ^ 








The nneqnal expanrion ^e«nt me^ 

§traction of thermome^rs of another k . oDvraridtion of temperature must 

a« mened thw^bont theirM^^^ ^ 

CHnee the compound strip to bend, /side of the curve. Breguet’s 

cave side, and the ““f* u fg made from a compound plate of platinum, 

theTOometer, constracted P, ^ j ,i,e middle. This is rolled out veiy thin, 

gold, and silver, soldered t^et , g .. . spirals. The thermometer 

co“s of suTa"spimT sus^V T" f 

'^S™Tinft™c“^vfto any rise of temperature vnll be indi- 

..sieTf^ the untwistina of the spiral, and a fall of temperature by its twisting more 
tightly.^ The smaU mass of this instrument, and the low specific heat of the 
compo^sing it, cause it to indicate changes of temperature very rapidly, and to bo affected 
by very small quantitie* of heat. ^ \ 

Veter minations of Cuhical Expansion. -Vf hen the coefficient of linear expansion of 
a substance is known, its coefficient of cubical expansion m obtained by multiplying 
the linear coefficient by 3, as already explained (p. 67). The cubical expansion can 
also ho ascertained by direct measurement. The following method wm employed 
by Dulong and Petit for this purpose; Into a glass tube, 18 millimetres wide, 6 
decimetres^long, and closed at one end, they introduced a rod, previously weighed, of 
a metal not attacked by mercury. Let W be its weight. The tube was then drawn 
out at the open end and bent as in fig. 630, after which it was 

Fig. 636. out to remove 

' rizoniaily,* an j 

slirrouncled with 

melting ice, the point dipping below the surface of mercury contained in a small 
capsule. It was thus filled with mercury at 0°. The capsule was next emptied, 
replaced under the point, and the apparatus allowed again to assume the temperature 
of tho atmosphere. Tlien, by weighing together the tube and capsule, and deducting 
from the gross weight their weight before the introduction of the mercury, they ob- 
tained the weight, ir, of tho mercury whicli exactly filled at 0® so much of the capacity 
of the tube as was not occupied by the metal rod. Tho experiment was compVted by 

heating tho instrument in an oibbath to a hi#i temperature, U and weighing the 

quantity of mercury whicli escaped from tho point, as in the determination of a tem- 
perature by means of tho weight-thermometer (p. 18). „ „ , . 1 A 1 

If A, and 7V represent the densities at of mercury anil of the metal; A, r, and /r. 
the cotdfi(;icnts of cubical expansion of mercury, of the metal, and of glass respectnely, 
their volumes at 0° will bo represented by 

W IP , a. 

and if w is the weight of mercury which escapes from the tube between 0° and ^ the 
weight of mercury remaining in the tube at the latter temperature witf be W^w. 
Then putting the volume of this weight of mercury at the temperature together with 
that of the metal rod at the same temperature, equal to the capacity Q^e tube which 
contains them, wo have lO 

-a. ..)-(»;. 

whence ^ + :|l J _ (f^) A j 

It is of course necessary that the values of A and k should have been determined by 
previous experiments in the way already described. 

Another, to some extent similar, method of measuring the cubical expansion of ^lid 
bodies, consists in determining their specific gravities at various temperatures, the bulk 
of a given weight of a substance being inversely as its density. 

In applying this method, the weight of water free from air which fills a spccmc- 
gravity bottle at various temperatures is first ascertained ; then, the weight of the 
bottle is determined at the same temperatures after a kuo^n weight of the substance 


4 HJEM4T0SIN -T HEMATOXYLIN. 

Robin (Compt, of "d 1c 

hepatic cyst^ to Valent iner (Jahresb. f. Chem. 1859, p. 666V gdl-stones, 

red colour. affected Ah laundice, yield, when treated with chloro- 

and agreeing in all respects with hsematoidin. 

HJBMCATOSXSir* See H.«matin. 

BJBMATOZTlbXXr, also called Uematin. (Chev^nl, Ann. Chim. 

Ixxx. 128.— Golfier-Besseyre, Ann. Ch. Phya [2] !“• 272;— Er dm an ^ Ann. 
Ch. Pharm. xliv. 292.— Leblanc, Traith de Chrmc de Di^as, Till. 1^2.— 0. Hesse, 
J. pr. Chem. Ixxr. 218; Ann. Ch. Pharm. cix. 832.)— A crystalline substance con- 
tained in logwood {Hcsmatoxylon Campechianum), and the source of the colo^g 
properties of that well-known dye. In the pare state, howe^r, it has ^^^lo or no 
colour, but is converted into a colouring matter under the influence of alkalis and 


prepared by leaving the commercial extract of logwood— previously mixed 
with quartz-sand to prevent agglomeration— in contact with 6 or 6 timM its volume 
of ether (not anhydrous) for several days, agitating from time to tune ; then d^antmg 
the brownish-yellow solution ; distilling off the ether; mixing the syrupy residue ^th 
water; and leaving it to itself in a loosely covered vessel. If no water were add^, 
the liquid would simply dry up to a gummy mass ; but, if a sufficient quantity of water 
is present, the hsematoxylin crystallises in the course of a few days. The ciy^tals are 
washed with wator and freed from adhenng mother-liquor pressure between 
filtering paper. The mother-liquor mixed with the wash-water yields another crop of 
ciwstah by spontaneous evaporation. A kilogramme of logwood treated several times 
with ether yields from 100 to 120 grms. of hsematoxylin. (Erdmann.) 

Haomatoxylin thus prepared has more or less of a yellow colour, but by reciystal- 
lisation from wafer containing a little sulphite of ammonium, it may be obtained in 
colourless crystals. (Hesse.) 

Haematoxylin forms two kinds of ciystals containing respectively 3 and 1 at. water. 
The trihydrated crystals, C**H'^0^3H*0, obtained as above, belong to the dimetrio 
system. Ordinary combination ooPoo . P, with Poo subordinate. Length of principal 
axis -• 0‘63 (nearly). Angle of the terminal edges of the primitive octohedron, 
P j=x 124®. The crystals are transparent, generally very brilliant, and sometimes of 
considerable length. They give off their water (161 per cent.) in vacuo at ordinary 
tomneratures. 

Tile monohydrate, C^*H'*0*.H^0 (containing 6*6 water), is obtained by leaving a 
solution supersaturated at mean temperature to stand for some time, in crystals of 
considerable size, with smooth and sometimes curved faces, and consisting, according 
to a preliminaiy determination by Naumann, of hemihedral trimetric combinations, 

oP . ^ . wPoo . The same hydrate is obtained in granular crystals, by pouring a 


solution of hiematoxylin, supersaturated at the boiling beat, into a cold vessel con- 
taining a small quantity of solution of acid sulphite of ammonium. (Hesse.) 

Dehydrated haematoxylin contains, according to Erdmann’s analyses, 63*17 — 63'66 
per cent, carbon, and 4'65 — 4*70 hydrogen, whence Erdmann deduced the formula 
Oe r h ard b however ( TraiU, iv. 299), suggested the more probable formula, 
which requires 63 6 per cent. C, 4*5 H, and 31*9 O. 

Hiematoxylin dissolves slowly and sparingly in cold water, easily in alcohol and ether 
(Erdmann). It dissolves in a saturated solution of borax more easi]»than in pure 
water, forming a neutral or slightly acid liquid, which exhibits a bl^Sh fluorescence, 
and from which the borax is not precipitated by alcohoL This bo1i&|| 6, mixed with 
hydrochloric, acetic, or sulphuric acid, solidifies to a dense mass, Upphicb ffranular 
mrstala of monohydrated heBmatoxylin quickly form ; but on addiwn of solution of 
ehloride of sodium, potassium, or ammonium, ferrocyanide of potassium, or acid sulphite 
of ammonium, it deposits hiematoxylin as a white amorphous mass. When add sul- 
fite of ammonium is added by <bop8 to the same solution, hsematoxylin is at first 
depoaitf^ in the form of an amorphous gummy predpitate, which re-dissolves on boiling 
the liquid, and reappears on cooling; but on continuing the addition of the acid sulphite 
to the syrupy liquid, a point is at length attained at which the amorphous hematoxylin 
disappears, and c^stals of hiematoxylin are soon afterwards obtained. When amor- 
phous hsematoxylin is dissolved in boiling water, and a drop of hydrochloric add added 
tothe solution, crystals of hiematoxylin, generally the monohydrate, are soon deposited. 
(Hesse.) 

Hmmatoxylin dissolves abundantly in a warm solution of hyposulphite of sodiu^ 
forming a purple liquid, which deposits amorphoufl hfiematoxylio on cooling. It dis* 



CUBICAL EXPAiiaiON OF SOLIDS. 71 

wider examinAtioii has been put into it, and tbe interstices filled with water. Let W 
be the weight of water which 'fills the bottle at the temperature t, W* the weight of the 
solid substance, and S the weight of water and solid substance which together fill the 
bottle at then the density of the substance at compared with that of water at 

the same temperature, is i?, « jp — ^ represents the bulk which a 

uiiit-rolume of water measured at 0° assumes at the density of the substance at 

compared with that of water at 0®, is Lastly, if the density of the sub- 

' t 

stance at some other temperature f®, has been determined in the same wag, its mean 

coefficient of cubical expansion for one degree between and f ® is > • 

{t — t)D^ 

Table of Coefficients of Cubical Expansion of Solids for 1® C. 


InterTal of 
Temperature. 


Soft French glass 
„ „ another 

Hard potash glass . 
Common glass . 


CiTstal glass fro] 
le-Eoi . 


,, (soft wire). 
Copper . 

„ (wire) . 
Platinum , 

M • • 

Lead 
Tin . 

Zinc 

Cadmium 
Bismuth . 
Antimony 
Sulphur . , 

Lead-glance , 
Zinc-blende 
Iron -pyrites 
Futile 

Tin-stone (SnO*) 
•Specular iron , 
Magnetic iron ore 
Fluor-spar , 
Arragonite 
Calc-spar . 
Bitter-spar 
‘^thic iron-ore 
Heavy spar 
Ccelestine 
Orthoclase 
Quartz . [ 

Bayeux porcelain 


= 00000258 
-0000275 

-0000304 
-0000260 
-0000263 
-0000209 
= -0000276 


: -0000441 
-0000370 
•0000516 

•0000666 

•0000618 

•0000265 

•0000275 

•0000889 

•0000689 

•0000893 

•0000936 

•0000400 

0000331 

•0001826 

•0000680 

•0000368 

•0000338 

•0000322 

•0000163 

•0000404 

•0000291 

♦0000623 

•0000647 

•0000176 

•0000362 

•0000360 

•0000681 

•0000608 

•0000226 

•0000403 

•OOOOIOS 

•0000108 


0® to 100® 
0 „ 200 

0 „ 300 
17 „ 99 
7 99 

16 „ 100 
0 „ 100 


Kegnault 


{Berule and 
i Trooet 









o 


-HAIR, 

soItm ^Ti dilEcttltjr in mlnaon tS chloride oftodixm, more easily in a satumu d 
solution ot chloride^ of battwm (thiB solution at first depositing crystals of tlie trihydrat'e 
vhich gradually give place to those of the monohydrate), very abundantly in solution 
of ordinari/ p^sphate of sodium, forming a liquid which behaves like the solution of 
hsematoxyUn in borax above mentioned, excepting that it exhibits a basic reaction, 
(Hesse.) 

HsematoxyUn has a strongly saccharine taste, like that of liquorice, very persistent, 
and without astringence or bitterness. Its solutions turn the plane of polarisation to 
the right. It reduces cupric oxide in an alcoholic solution containing alkali. 

An aqueous solution of hsematoxyUn is not altered by contact with pure air or oxygen 
gas ; but if the slightest trace of ammonia is present in the air, the liquid acquires a yel- 
lowish red, colour, arising from the formation of haemateateof ammonium; probably thus : 

+ O + NH» = C‘«H*(NH<)0* + 2H=*0. 

HsematoxyUn melts in its water of crystallisation when moderately heated, and is 
completely carbonised at higher temperatures. Chlorine converts it into an unciystal- 
lisable mass: With nitrio acid it forms oxalic acid. Sulphuric and hydrochloric acids 
have but Uttle action upon it. 

With bases, hsematoxylin forms compounds which, on exposure to the air, are con- 
verted into hsemateates. Baryta-water, added to a solution of hsematoxylin ^ed from 
air by boiling, forms a white precipitate which soon turns blue if the air lias access to 
it. Potash imparts to the solution a violet colour, quickly changing to purple and 
brown. With acetate of lead, neutral or basic, the solution yields a white precipitate, 
which quickly turns blue ; with cupric acetate or sulphate, a greenish grey precipitate, 
which soon becomes dark blue with a coppeiy lustre. Dichloride of tin forms a rose- 
coloured precipitate, which does not change colour. Iron alum forms, af^r a while, a 
slight blackish violet precipitate. Common alum colours the solution light red, but 
does not produce a precipitate. Chloride of barium first colours the liquid red, and 
then forms a red precipitate. The solution of hsematoxylin quickly reduces nitrate of 
silver and chloride of yold, 

BJBMkTBTm A ciystalJised, intensely rod substance, which may be prepared from 
blood in various ways, but is ditfieult to obtain in the pure state, and has therefore not 
been analysed. The ciystals are obtained immediately on mixing blood, either fresh 
or boiled, with strong acetic acid. Nc crystals are formed, however, when blood coagu- 
lated by boiling is first washed with water and then treated with acetic acid (Toich- 
mann, Pfeufer and Henlo’s Zeitschr. f. rat. Medicin, hi. 367 ; viii. 141). According 
to Krauss (Jahresb. f. Chem. 1861, p. 792), human blood may bo disUnguished with 
certainty from that of the ox, sheep, pig,- mouse, or poultry, by the characters of the 
haemin-orystals obtained from it. 

BAl’MBPJfOKXIXTB. Oligoclase from HafreQord, in Iceland. 

BAnzvromtXTi:. A hydrated arsenate of calcium, 2Ca"H:A80V3H*0, sup- 
posed to be from Baden or Joachirasthal, associated with pharmacolite. Occurs in 
minute ciystals belonging to the trimetric system, mostly congregated in bot^oidnl 
forms and drusy crusts. Specific gravity 2*848. Hardness 1’6 to 2 6. Lustre 
vitreous. Colour white. Streak white. Transparent or translucent. Sectile ; their 
laminm slightly flexible. (Dana, ii. 413.) 

Ciystals having the form and composition of haidingerite may be produced 
artiiiciuLly by digesting carbonate of calcium at ordinary teinperatiires with excess of 
aqueous arsenic acid. (Debray, Ann. Ch. Phys. [3] Ixi, 419.) 

Hair consists of a cylindrical tube clothed with minute scales, having 
their points directed towards the free extremity. The tube is filled with an oil, wliich 
gives the colour to the hair ; in white hair this oil is colourless. 

In the normal state hair is insensible, strongly electric, and a bad conductor of 
heat. In contact with the air, it swells and absorbs moisture, but does not putrefy. 
Chlorine first bleaches and then converts it into a resinous matter resembling 
tu^ntine. 

Hair is insoluble in water. Heated with water in a sealed tube, it is decomposed, 
with liberation of sulpbydric acid, A similar decompe^itiou takes place with aqueous 
potash.' Nitric acid turns it yellow, forming oxalic acid, sulphuric aci^ and a 
peculiar bitter substance. Hydrochloric and sulphuric acids dissolve it, forming ro^- 
eoloured solutions. Alkalis dissolve it. Many s^ts and metallic oxides, and likewise 
^rtain oi^iiic substances, change the colour of red or white hair to black. A solution 
of nitrate of silver in ether, or the same salt mixed with lard, oil, slaked lime, or 
pyro^llic acid is commonly used for blackening hair. 

Hair, when heated, become hard, swells and emits an odour of burnt horn, and in 
the open air, takes fire, bums with^ bright fiame, and leaves a residue of charcoal. 
By dry distillation it yields oily aw ammoniacal products. 
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Tlio ru*e thus indicated baa been found to bo verified in other cases also, so that wilh 
so idras well as with liquids, tho coefficients of expansion remain sensibly constant at 
tem Aaturs far removed from those at which change of state occurs, and vary more and 
fumVllv nn thpso latter temperatures are approached. 

The SinsTon of araoqihous solids, and of those which crystallise in the re^lar 
«v«tom ^CuYSTATLOOHAPiiY, ii. 121), is the same for all dimensions, unless when they 
are suhic^-t to a mcchanieul strain in some particular direction. A fragment of such a 
substance varies in bulk with variations of temperature, but retains always the same 

“’’crystals not belonging to the regular system exhibit when heated an unequal ex- 
pansion in the direction of tlicir axes, in consequence of which the magnitude of thmr 
Lgies becomes altered (Mitschcrlich, Pi«g. Ann, i.' 125 ; x. 137). In 
lonuing to the trimetric system, the expansion is dillercnt in the direction of all thico 
axils ; ‘in arragonite, on rising the tem,icrature from ()<> to 100», the inclination of the 
l iteral faces increases by 2’ 46", and that of the terminal faces diminishes by .) 29 , 

.sum Is, Kceording to^ Fresnel (Bull dcs Sc. Mathem. 1824, 100 ; Ann- 

ii 109) more expanded by heat in the direction of tlie principal axis than in that ot 
the lateral axes. In crystals belonging to tho hexagonal system, the expansion is^the 
same in the directions of the three secondary axes ; but different from that according 
to tho principal axis. 'I'ho obtuse angles of .tho primitive rhombohedron of cakspar 
diminish by 8J' when the crystal is heated lOO^, and the acute angles increase liy the 
same quaiility.^ Hence it may be calculated that the relative expansion of tho principal 
axis (conipared with that of tho secondary axes) amounts to 0'00342 ; moreover since, 
according to Mitscherlich and Dulong, the cubical expansion o calcspar bi-twecn 0 and 
100° is only 0 001961, it may likewise bo determine.! tlmt calcspar, when llms heated 
.Iocs not e.xpaml in tho direciron of tho secondary axes, 

I hat the absoluto expansion of the principal axis may be estimated at 0'00286. In bittcr- 
sp ir the obtuse angle of the primitive rhombohedron diminishes when the teiiiperatnre 
is raised from 0° to 100° by 4' 6", in ferruginous bitter-spar by 3 29 ; in iron-siiar 
containing a considerable quantity of manganese, by 3' 31", and in pure iron-spar by 
2’ 22". Shnee now, among all these minerals, calcspar forms the least, an.l ferriig nous 
bitter-spar the most obtuse rhomboliedroii, it follows that the expansion in the direc- 
tion of the principal axis does not increase in the same proportion as tlie relative 

length of the axis itself diminishes (Mitscherlich). _ ,u;.„,i 

The following direct determinations of the linear expansion of several ciyst.illised 
sulilan,-es, between 0° and 100°, made by I’faff (.lahresber. 1858, 7), show very 
.listinetly the ine<iualily in the amounts of expansion in the direction of the different 
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lAucttr E.Tp(i)ision of CvysUAs between 0® ciiid 100® 


Mtinometiic Crystals. 

Dimetric or Hexagonal Crystals. 

Substance. 

Expansion. 

Substance. 

Expansion^ 

Principal Axis. 

^l^ondary Axes. 

(inrnct . 
IniU-pyritos . 
Magnetic iron 
Load-glance . 
Fluor-spar 

00008478 
•001008 t 
•0000510 
•0018594 
•0019504 

Tin-stone 

Vesuvian 

Zircon . 

Beryl . 
Corundum 
(Juartz . 
Tounnaline . 
Calc-spar 

0 0004860 
•0007872 
•0006264 
•0001721 
•0006876 
•0008073 
•0009369 
•0026261 

0‘0004526 

•0009629 

•0011064 

--0-0000132 

•0006651 

•0015147 

•0007732 

-0*0003105 


Note.—A minus sign ( — ) in tho last column denotes contruciion, instead of expansion. 

This aUonition of .shapo caused by change of temperaturo is mo^ easily render^ 
evident in gypsum, of which substiuico twin-crystals often oceur^ having pretty nearly 
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HAIR-SALT— HAEDNESS. 

Aecording to Von Laer, human hair contains 49*8 per cent, carl^n, 6*4 hydrogcoi, 
if’l nitrogen, fi'O snlphur, and 26*7 oxygen. It leaves by calcination ficom 0*32 to 
1*86 per cent, of ash, consisting of 0*17 to 0-93 soluble matter, 0-668 to 0*390 oxide 
of iron, and 0 000 to 0-628 earthy salts. (Pelouze et Fr6my, Traits, vi. 244.) 

MAXUSAImT, a term applied to native sulphate of aluminium, Al*(S0*)*.91f*0, 
and to z>on-o^M?/i,Ar'Fe (SO 1211=^0, these salts sometimes occurring in delicate 
flbrou^ masses. (See Alum and Sulphates.) 

HAILUTIL Basic sulphate of aluminium, 2(AP0® SO*).3H’0. (Syn. with 
Wbbstbkitb.) 

Hik&3bOT8ZTB or BUlB!LOTTl]. A hydrated silicate of aluminium contain- 
ing a laiger proportion of water than ordinary clay, which it otherwise resembles. 
After drying in the air at ordinary temperatures, it retains nearly 2H?0, but by 
drying in the kiln, the proportion of water is reduced to nearly that of common clay, viz, 
Al=*0*.Si0* H*0. It occurs in white, soft, smooth masses, with conchoidal waxy 

fracture, adhering to the tongue, opaque or translucent at the edges only. When 
immersed in water, it does not fall to pieces but becomes more translucent. It is 
readily decomposed by sulphuric acid. The following are analyses : — 




Bcrthler, 


BouMingault. 


a 1. 

a 2. ft 1. 

ft 

e 1* 

C 2. 

Alumina 

36-49 

32-4 39-06 

34-0 . 

. 89-4 

36 

Silica . 

47-76 

43-6 44-94 

39-6 . 

. 44-9 

40 

Water . 

16-76 

23-0 16-00 

26-6 . 

. 16*7 

25 


100-00 

99-0 l()0-00 

100-0 

100-0 

100 



OSWAld. 

DuOftnoy. 




d. 

e. 

/. 


Alumina 

, , 

. 35-00 . 

. 3366 

32-46 


Silica 

, , 

. 40-25 . 

. 40-66 

43-10 


Water , 

, , 

. 24-26 . 

. 24-83 

22-30 


Magnesia . 


. 0-25 . ' , 

, 

1-70 




99-76 

99-16 

99*66 



a, from Housscha, near Bayonne ; (1) kiln-dried; (2) air-dried; — 6, from Anglena, 
near Li6ge; (1) kiln-dried; (2) air-dried; — c, from Guateque, in New Granada; 
(1) dried at 100® C. ; (2) air-dried ; this specimen contained a trace of sal-ammoniac ; 
—d, from Upper Silesia, containing a trace of manganese ; — e, from La Vouth : — f, from 
Thiviers. (Gm. iii. 417.) 

BAXiOOBW. The electro-negative radicle of a huloVd-salt. 

HAKOZIB BAXiTSf Berzelius applied this term to salts consisting of a metal 
united with an electro-negative radicle, viz. chlorides, bromides, iodides, cyanides, &c., 
designating by the term, .^phid-salts, those which were supposed to result from 
the union of two binary compounds containing a common element, viz, the oxygen- 
salts, sulphur- salts, selenium-salts, and tellurium-salts. The distinction between these 
two classes of salts is no longer retained, but the term haloid is still occasionally 
applied to the chlorides, bromides, iodides, fluorides, and cyanides. 

BiLXiOTBZOBZ9flS« A silky iron-alum, from the Solfatara, near Naples. (See 
Sulphates). 

HAX*OTltZOBZTB. A name applied sometimes to native iron-alnm, sometimea 
to native hydrated sulphate of aluminium. (See Sulphates.) * 

®^**'^*®*®**® An acid produced by the action of Jubhuric acid 

on euxanthic acid. Its composition has not been exactly determined* «he barium- 
salt contains 31-4 per cent baryta; the load-salt 61'6 to 62*4 oxide ^lead* (See 
Luxanthic Acid, ii. 610.) ' 

BAMBSBZBZTB* (See Stbatitb.) 

BABBBB88 OB AXZBBXtaXiB. A harder body is distinguished from a softer, 
cither by attempting to scratch one with the other, or by trying each with a file. To 
^ definite character to the results thus obtmned, Mohs introduced a scale of 
baroness, consisting of ten minerals, gradually increasing in hardness from 1 to 10, vk,: 

Xx Talc : common laminated, light-green variety. 

2. Gypsum : a crystallised variety. 

3. Calo^ar ; transparent variety. 

4. Fiuoiyspar : exystaUine variety. 

6. ApatiU: transparent variefjK 



EXPANSION OF SOLIDa 
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the fbrm shown in fig. 687* From such * ei^stal, a portion adfCdia eQ.% so that the 
new Burf&ces are perpendicular to the sur&ce of combination, m n, of the two Wves of 
tiie crjBtal, and the face ad ia ground and polished. At the temperature of the atmo* 


687. Fig. 68S. 



sphere, this surface then constitutes a single, unbroken piano ; but when it is heated 
to about 60° or 80° C., the shape of the crystal altt'rs in the manner sliown in fig. 638, 
imd now parallel niys of light falling on the two halves from a distant object ai*e 
iv lleeted in different directions, so that two distinct images of the object may bo seen 
siiMullaneously by reflection from the surface ah. 

One or two solid bodies are known which, at least within certain limits of tempera- 
ture, form exceptions to the general rub< of expansion by heat, and contract as their 
teniperjituro is raised. For example, the alloy of 2 pts. bismuth, 1 pt. tin, and 1 pt. 
lead, expands when heated from 0° to 44° C, ; when still further heated, it contracts, 
so that at 66° its density is the same as it was at 0°, and at 69° still greater ; beyond 
this temperature, expansion again takes place; at 87*6° the alloy Inis once more tho 
same density as at 0°, and at 94°, at which it fuses, tho sann* as at 44°. (Erin an, Fogg. 
Ann. ix. 657. For the not cpiito concor<lant results of If. Kopp, see below, p. 78.) 

Again, a piece of luilcani.sed caoutchouc, which is .stretched ]^y a iveight to double its 
length, is shortened by a tenth when its temi»eratun' is raised 60° C., and the shorten- 
ing c'ffeet increases rapidly with the stretching weight employed. (J oule, I’roc. Jtoy. 
»Soc. viii. 366.) 

Ihliition hitwcni the Specific Heats of Liquid and Solid Bodies, and their Coefficients of 
Kv])(fhsio?i at different temperatures . — It has been |K>int(‘d out above (p. 40), that tho 
sjxcitic heat of any substance include.s, not only tho portion of heat required 
t<j cause in it a given alteration of teinperatun*, but also tl»e quantity of heat which 
is expended in modifying its condition of moh'cular equilibrium, and whose most 
obvious ext<*rnal effect i.s an alteration of the volume of tlie substance. Wo have also 
s« t n (p. 44), that although no certain data exist for calculating the ratio of these two 
jviris of the total .specific heat, except in tho case of g.i.ses, it is novortheless probable 
that the former part, or the real spicific hat of a sub.stance, remains the same for all 
conditions. Hence variations in the total or apparent specific heat must bo supposed 
to result from variations in tho amount of heat expended in overcoming the molecular 
forers. In sensibly perfect gases, the consumption of heat in this manner is the same 
at all temperatures, and so small as to bo negligible; accordingly, both the real 'and 
a[>parent s|X'cific heats of gases are constant at all temperatures (pp. 34 and 42). On 
the other hand, the molecular changes which accompany altemtions of temperature in 
liquid and solid bodies are such as require tho expenditure of very considerable quan- 
tities of heat to produce them. These changes doubtless consist in alterations of the 
rolalive |K>8ition or arrangement of the molecules, but of what jmociso kind wo have no 
means of ascertaining, since tho only measurable portion ot the total effect is the 
externally visible change of volume. 

This change of volume cannot be taken as in every case a measure of the amount of 
molecular work performed by the heat independently of causing alteration of tempera- 
ture; for, as we hiivo seen (p. 69), the communication of heat to water below 4° C. 
causes a change of bulk of the opiwsite kind to that which it occasions alxjve that tem- 
I*eniturc; but w'e may nevertheless probably admit without great error that, as a 
general rule, tho proportion of the total quantity of heat required to raise the tempera- 
ture of a given substance 1°, which is consumed in pro<lucing molecular changes, is 
greate.st at those points of the thermomefric scale at which the greatest amount of 
expansion accompanies a rise of temperature of 1°, and is least at those points at 
which the corresfKinding expansion is least. If this suppo.sition be admitted, it accounts 
for the fact that Ixjf h the specific heats of solid and liquid l>odieH and their 
cwfficients of expansion increase, as a rule, with rise of temperature; and that both 
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H'b 8capolitt : crystalline variety. 

6. Felspar: (orthoclase); white cleavable variety. 

7. Quartz: transparent 

8. Topaz: transparent. 

9. Sapphire : cleavable varieties. 

10. Diamond. 

The hardness of any given mineral may be determined by attempting to scratch it 
with some of the above minerals, or by trying to scratch a smooth surface of the suc- 
cessive members of the scale with a sharp corner of the substance to be examined ; 
thus, if it scratches fluor-spar and is scratched by apatite, the hardness is between 
4 and 5. 

Or again, the relative hardness of a mineral may be determined by abrading one of 
its edges with a file. If the file abrades the mineral under trial with the same ease as 
fluor-spar, and produces an equal depth of abrasion witli the same force, the hardness 
is said to be 4. If the mineral is abraded more easily than fluor-spar, but less easily 
than apatite, the hardness may be 4*25 or 4-5. In making these comparative trials, 
care must bo taken to apply the file to edges of equal obtuseness. That part also 
of the specimen should be selected which has not been altered by exposure, and has 
the highest degree of transparency and compactness of structure. The pressure for 
determination should be rather heavy, and the file should be passed throe or four times 
over the specimen. 

Certain varieties of some minerals give a low degree of hardness under the file, 
owing either to impurities or imperfect aggregations of particles, whilst they scratch 
a harder species, showing that the particles are hard, but loosely aggregated ; this, 
peculiarity is exhibited by certain varieties of chiastolite, spinel, and sapphire. 

Many minerals— kyanite and mica, for example — present different degrees of hard- 
ness on dissimilar faces. This inequality, like difference of colour, lustre, &c., in 
the faces, is confined to those primary forms which are developed upon unlike axes. 
(Dana, L 180.) 

BARMAXiAy AZiBAXiOXDS OF. (Gcrh. iv. 9. — Ilandw. d. Cliem. iii. 769.) — 
The seeds of the Peganum Har?naia, a plant growing abundantly on the steppes of 
Southern Russia, especially in the Crimea, contain two organic hoses called barma- 
line and harmine, probably in the form of phosphates; they are found in the seed- 
coating, not in the kernel. To obtain these alkaloids, the pulverised seeds are exhausted 
in a percolating appanvtus with water acidulated with acetic or sulphuric acid; and 
the brownish yellow extract, which contains the bases in the form of acetates, together 
with earthy phosphates, colouring matter, &c,, is mixed with a solution of common 
salt, whereupon the hydrochlorates of the alkaloids, which are insoluble in that liquid, 
are precipitated together with colouring matter. Nitrate of sodium may also be used 
instead of the chloride, provided care be taken that the extract of the seeds does not 
contain free sulphuric acid, as the nitric acid which would then be liberated might 
decompose the alkaloids. The precipitate is collected on a filter, and waslicd with 
brine until the whole of the mother-liquor is removed; then dissolved on the ftltci 
with cold water, which leaves part of the colouring matter undissolved. The solution, 
trea^ with animal charcoal, and then at a temperature of 50° to 60° C. with am- 
monia added by small portions, yields the alkaloids in the pure state, nearly the whole 
of the harmine being thrown down before the harmaline begins to separate. As soon 
as the latter body makes its appearance, — which may be known by examining the 
precipitate from time to time with the micro.scope, harmine crystallising in needles, 
while harmaline forms leafy scales, — the solution must be filtered hot, and the harma- 
line precipitated from it by ammonia. 

The seeds contain about 4 per cent, of alkaloids, of which one- third consists of 
harmine, and two-thirds of harmaline. 

HA BM A ltA &BS. The seeds of harmala contain also a red colouring matter, 
which may be extracted by digesting them with alcohol for 8 — 14 days. It is insoluble 
in water, easily soluble in ether, and dissolves in all proportions in absolute alcohol. 

It unites with acids, forming red salts, aud dyes wool or silk mordanted with acetate or 
sulphate of alumina, from the lightest rose-colour to the deepest scarlet. The colours 
do not, however, appear to be very fast.* (Gm. xvi. 119.) 

BABMAUCBB. Discovered by Gobel in 1837 (Ann. Ch. Pharm. 

xxxviiL 363); afterwards more minutely examined by Fritzsche (ibid. Ixiv. 360; . 
Ixviii. 351^ 365; Ixxii. 306; Ixxxviii. 327). It is colourless when pure; if it has a 
yellowish or brownish tint, it may bo purified by suspending it in water, adding acetic 
acid in s^cient quantity to dissolve it, filtenng to separate colouring matter, then 
Pfeapttating with chloride or nitrate of sodium, or hydrochloric acid, washing ^ pre- 
ripitati on a filter with a dilute eolntion of the reagent employed, dissolving it in tepid 
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which cha^s of the state of aggregation occur (Comp. Verde ^ E^^se de la 

Mkaniqu^la Chaleur, Paris, 1863, note G, pp. 133 et 8eq.\ also 

Acad Sciences, xxvi. 286 et seq.) On the relations between changes of ^lume pranced 

by external forces and the corresponding evolution or disappearance of heat, see below . 

Relations of Heat to Mechanical Energy. 

3. Changes of State of Aggregation ‘produced hy Heat. 

msionana Solidification.— When the temperature of a solid body is raised 
continuously, a point is reached sooner or later at which it melts, or exchanges 
the soUd for the Hquid form ; and when a liquid is cooled a point is in like manner 
attained at which it solidifies. With most homogeneous substances, the passage from 
the one state to the other takes place suddenly at some particular temperature; thus 
ice when heated from a lower temperature to 0° C., becomes only very slightly softer 
or less solid, while if more lieat still is imparted to it, it changes at once into perfectly 
liquid water This temperature forms a definite limit below which we have solid ice, 
and above which we have liquid water, and it is therefore called the melting point of 
ice Some substances, however, pass when heated from the solid to the^ liquid state • 
without showing any definite melting point; for example, glass and iron become 
gradually softer and softer when heated, and pass by imperceptible stages from the 
solid to the liquid condition. Such substances maybe said to begin to melt at the 
lowest temperature at which perceptible softening occurs, and to be fully melted when 
further elevation of temperature does not make them sensibly more fluid; but no pre- 
cise temperatures can be given as their melting points. ^ 

Subject to the qualifications hereafter stated, the following general laws may be 
taken as applicable to the phenomena of fusion and solidification t 

1° The state of aggregation of every substance is always the same at the same 
temperature : when its temperature is raised, it melts at a certain fixed point, or passes 
from the solid to the liquid state, and when its temperature is lowered, it solidifies, or 
passes from the liquid to the solid state, at a point which is also fixed, and is the same 
us its melting-point. (For substances which melt ^adually, a certain fixed interval 
must be substituted for a fixed point of temperature in the enunciation of this rule.) 

2®. The communication of heat to a solid body at its melting point causes it to melt, 
but does not rai^e its tc'inperature ; so also the withdrawal of h('at from a liquid at its 
freezing point causes it to solidify, but does not lower its temperature. 

3°. As a general rule, a sudden change of volume (usually an increase) accompanies 
the passage from the solid to the liquid state. 

We will proceed to consider each of these laws and the exceptions and modifications 
to which they are subject 

Melting and Freezing Points.— Though the temperature at which the passage 
from the solid to the liquid state takes place, and vice versa, is constant (under the 
same circumstances) for each substance, the melting and freezing points of different 
substances vary within very wide limits. Thus sulphurous anhydride melts at — 80® 
(Mitchell, BerzeJ. Jahresher. xxii. 59), mercury at — 40°, bromine at — 7 ’3°, ice at 0° 
phosphorus at + 44°, tin at 236°, silver at 1000°, platinum at 2000° (D eville and 
I) 0 bray). (For the melting points of particular substances, see the articles in this 
Dictionary where they are respectively described.) 

These differences are sufficient to justify the conclusion that even those substances 
which have never been seen to melt, would do so at a sufificiently high temperature, and 
conversely that all liquids, even such as have never yet been frozen, woul4, solidify if 
exposed to a still more intense degree of cold. Indeed, in proportion as methods of 
producing extreme temperatures have been discovered, the number of ^^sible solids 
and non-solidifiable liquids has gone on diminishing continually. The substances 
which can be considered really infusible are those which, when heated, m^fergo chemical 
alteration before their melting point is reached. The most infusible of all substances 
which are chemically inalterable by heat is, probably, carbon in the form of graphite, 
and even this body was found by Despretz to soften when exposed to the heat produced 
by the electric current generated by 600 Bunsen’s cells arranged in six series of 100. 
On the other hand, absolute alcohol, sulphide of carbon, and some other liquids have 
never been solidified, but at the temperature produced by a mixture of liquid nitrous 
oxide, solid carbonic anhydride, and ether, Despretz found that absolute alcohol became 
NO viscid that it did not run out on inverting the vessel that contained it. 

In very many cases, it happens that a mixture of two or moi'e substances melts at a 
lower temperature than either of its components hiken separately: thus, a mixture of 
I part chloride of sodium with 2J or 2^ parts ice, melts at about —20°; mixtures of 
fatty acids melt at lower temperatures than the pure acids; the carbonates of potassium 
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HABMALINE. 


water, treatlxi^ tlxe solution with animal charcoal till it exhibits a light yellow colour, 
and precipitating by caustic potash. , , , 

Harmaline crystallised from alcohol forms octal^drons belonging to the tnmetnc 
system, modified by the faces ooi*ao, oo^oo, and Poo. Ratio of the vertical to the 
horizontal axes, 1 : 1*804 ; 1*416. Angles of the terminal edges in P = 116° 34' and 
131° 18'; of the lateral edges in the same = 83° 64'. It is sparingly ^luble in water 
and ether, moderately soluble in cold alcohol, and very freely in boiling alcohol. It 
has a faint bitter taste ; and colours the saliva yellow. 

PEarmaline, when heated, melts, ^ves oflf white vapours^ and becomes carbonised. 
Heated in a tube, it yields a white mealy sublimate. Oxidising agents, under certain 
circumstances, convert it into a red colouring matter, insoluble in water, soluble in 
alcohol. 35y some oxidising agents, however, harmaline is converted into harm in e by 
loss of 2 at. of hydrogen ; this change takes place when the acid chromate of harmaline 
is heated to 120° C., or when harmaline is heated with hydrochloric acid and alcohol, 
to which a little nitnc acid is added. When nitrate of harmaline is heated with alco- 
holic hydrochloric acid, the harmaline is converted into harmine. Harmaline, boiled 
with excess of nitric acid, yields, first, nitroharmaline, then,by longer boiling, nitr o- 
harmine: with boiling nitrmnuriatic acid, it forms chloronitrohar nfi n e. 

The salts of harmaline are yellow, have a bitter taste, and are for the most part 
easily soluble and crystullisable. 

The acetate is obtained by spontaneous evaporation of a solution of harmaline in 
acetic acid, in the form of a syrup which becomes crystalline after a while. A solution 
of the acetate, mixed with acid carbonate of potassium, yields acid carbonate of harma- 
line, in the form of a precipitate composed of fine needles. The neutral alkaline carbo- 
nates either form no precipitate with the salts of harmaline, or merely throw down the 
base. 

The neutral chromate is a sparingly soluble, yellow, crystalline salt, which may be 
obtained by adding acetate of harmaline drop by drop to a solution of neutral chromate 
of potassium, saturated in the cold, filtering from the precipitate of harmaline first 
produced, and adding more acetate of harmaline to the filtrate. The acid chromate, 
2C**H'*N*0.H*0.2Cr0*, is produced by adding acid chromate of potassium to a dilute 
solution of harmaline, and separates immediately in oily drops, which, after a while, 
become crystalline. When heated to 120° C., it is rapidly decomposed, yielding a sub- 
limate of harmine and leaving a dark-coloured residue containing chromium. 

The kydrochlorate, C‘*H‘*N*0.HC1.2ir‘*0, forms long prismatic needles containing 
12 3 per cent, water of crystallisation. It is moderately soluble in water and in alcohol. 
The chlorojilatinate, 2(C'*H'*N'O.HCl).PtCl*, is a yellow precipitate. 

The hydrocyanate forms a peculiar alkali. The hydroferrocyanate is a brick-red 
crystalline powder ; the hydroferricyanate forms long dark green prisms. The aulpho- 
cyanatc forms silky needles, sparingly soluble in cold, more soluble in boiling water. 

Nitrate of harmaline, obtained by precipitating the acetate with dilute nitric acid or 
nitrate of ammonium, forms needles sparingly soluble in pure water, and almost inso- 
luble in water containing nitric acid. 

Oxalates . — ^When aqueous oxalic acid is boiled with excess of harmaline, crystals of 
the neutral salt separate on cooling ; and oxalic acid, added to the solution of these 
crystals, precipitates the acid oxalate of harmaline. 

Sulphates. — By digesting dilute sulphuric acid with excess of harmaline, and evapo- 
rating the filtrate, the neutral sulphate is obtained as ft yellow resin, which, when, left 
over oil of vitriol, changes to a radio-crystalline mass. 

Sulphite.-— The solution of harmidine in aqueous sulphuric acid dries up to a yellow 
resin, exhibiting no traces of crystallisation. ^ 

Sidplty dr ate. —By mixing concentrated solutions of sulphydrate d||MXimonium and 
acetate of harmaline, slender prisma are obtained which quickly decd^Bose on exposure 
to the air, after separation of the mother-liquor. 

Bydrooyan-tiurmallnef C**H*’‘N*0=»C’*H*^N*O.HCy, is a base containing the 
elements of harmaline and liydrocyanic acid. It is obtain^ by dissolving harmaline 
in dilute boiling hydrocyanic acid and filtering hot, being then deposited in crystals 
on cooling ; or by pouring a solution of cyanide of potassium into a solution of a salt 
of harmminc, or caustic potash into a solution of a salt of harmaline previously 
mixed with hydrocyanic acid. From aqueous solutions it is deposited in amorphous 
flocks, which give o£F hydrocyanic acid when dried in the air; the decomposition may, 
however, be prevented by dissolving the powder, while yet moist, in hot alcohoL If it 
stilly con^ins harmaline, it may be purified by suspending it in water and adding 
acetic acid, whicli readily dissolves the harmaline, but exerts little or no action on the 
hydrc^an-harmaline. 

base, when pure, forms thin rhomboidal tables, which, when dry, undergo no 
alteralion by exposure to the air, or in vacuo, or even at 100° C. At a highw tern- 
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and nodittm melt more easily when mixed than either ealt does alone; Keee’a ftisilili 
alloy of 2 parts bismuth, 1 part tin, aud 1 part lead, melts between 06® and 08® ; an 
alloy of 1 or 2 parts cadmium with 2 parts tin, 4 parts lead, and 7 or 8 porta bismuth, 

melts between 66° and 71° (B. Wood) ; &c. 

In homologous series of analogous organic compounds, the melting point of each 

term uauaUy rises with its atomic weight. „• • . rn 

Under particular circumstances liquids may be cooled below the melting point of the 
corresponding solid body, without solidifying. This occurs especially \^en they are 
cooled very slowly, and are at the same time protected from all mechanical disturbance. 
For instance water- at perfect rest, and under a pressure somewhat greater tlian that of 
the atmosphere, may be cooled to - 16° without freezing, but contact with a.8olid body 
or the sliditest agitation is then usually sufficient to cause solidification to commence. 
The smaller the quantity of liquid operated upon, the lower is the temperature to 
which it can be cooled, aud the greater the meclianical disturbance which it wiH sunport 
without freezing. Thus, Fournet (Ann. Ch. Phys. [31 xlvi. 203) has remarked the 
frequent occurrence of mists formed by particles of liquid water suspended in an atmo- 
sphere of which the temperature was 10, 12, or even 15 degrees below zero; and Sorby 
found that in glass tubes of 0*1 millimetre in diameter, water could be maintained in 
the liquid state as low as -17°. 

Some remarkable phenomena of this kind have been also obsen’ed by Dufour 
(Ann. Cli. Phys. [3] Ixviii. 370) in the case of liquids cooled without contact with any 
loMd bod\\ His method of experimenting was to suspend globules of the liquid under 
examination in some other liquid of the same specific gravity, but of lower freezing point, 
and in which it was insoluble. Water was examined while suspended in a mixture- of 
chloroform and sweet oil of almonds ; sulphur and phosphorus, in an aqueous solution of 
chloride of zinc ; and naphthalene, in water. In the c-xperiment s with water, the spheres 
of tliis liquid which floated in tlie mixture of chloroform and oil were very rarely seen 
to freeze at 0°; in general, solidification occurred between -4° and -12°, tlie smallest 
globules as a rule, remaining liquid to a lower temperature than the larger ones, some 
of them having been repeatedly seen still liquid at - 1 8° or - 20°. Agitation and the 
contact of solid bodies appears to have much less effect in causing the solidification of 
liquids cooled in this way than when they are coohul to tin* same extent in glass vessels. 
Fur instance, Dufour found that the globules of wafer in his experinu-nts often did not 
solidify when displaced or violently deformed by a glass rod, and even that crystals of 
cldoride of sodium, sulphate or nitrate of potassium, .Migar, &c,, would sometimes tall 
throi((fh a globule of water 5 millimetres in diameter, and cooled to at least — 8®, without 
producing any effect. Contact with a fragment of ice, however, invariably caused 

immediate congelation. . i / i..- 

ily operating a.s above described, Dufour obtained globuh-s of sulj.hur (melting 
iM)iut 115°) of 6 millimetres diameter still liquid at 40°, and globules of 0*5 millimetre 
diameter remained liquid for several days at 6° or 10°. Glibulcs of uhosphorus of 
couMdcraUe size were cooled to 20°, and ulobul.'S of 1 or 2 millimetres diameter to 0° 
without solidifying. Globules of naphthalene (melting point 79°) were obtained still 

liquid at 40°. , ■, , , i -a i r • 

When a liquid solidifies after having been thus cooled below its normal freezing 
point, the solidification takes place very rapidly, and is acermipanied by a diseiigt^e- 
ment of heat often sufficient to raise its temperature from tho point at which Bolidifi- 
eation begins up to its ordinary freezing point. This is well seen with cystaUised 
hyposulphite of sodium (SWO», 5H^O), which melts in its water of erystalli.sation at 
46®, but when carefully cooled will remain liquid for a long time at tho temperature of 
the atmosphere. If it be then camsed to solidify, by agitation, or by thiow^ing in a 
small fragment of the solid salt, the resulting rise of temperature is such as to be 

distinctly felt by the hand. . , \ i j 

This phenomenon of continued liquidity, though seldom observed in so mark^ a 
degree as in the cases above mentioned, occurs so frequently to a less extent,^ that, 
when the temperature of transiUon from the aolid to the liquid atato or vkc verm w to 
be used as a mark of the chemical identity of a eubstanco, it is much safer to deter- 
mine the melting point than the freezing point, for the former temperature is not subject 

to Tariations of the same kind. . . . t . 

The foUowing method is convenient for taking tho melting points of substances in 
chemical investigations. Three or four glass tubes are .Irawn out till their sidM 
become very thin and their bore nearly capUlaty, and into each is introduced a small 
quantity of the substance to be examined. They arc then sealed at he bottom SJ^ 
placed in a beaker-glass containing water (or. if the substance melts a^ve 100 , 
paraffin or sulphuric add), and standing upon a small sand-bath bv means of which ite 
tOTpemtnre M bo slowly raised. The liqaid is heated until the substance melts ; 
then^wed to cool slowly to the point of solidification ; it is then again warmed, and 
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pftratore, or when boiled with water or alcohoh it ia reaolved into harmaline hydro- 
cyanic acid. S^pended in water and boiled with a laige excess of nitric acid, it ia 
decomposed, giving off red vapours, and yielding a purple solution which d^sita Jion- 
ciystalline grains of a fine red colour, changed to gfreen by ammonia* Jaydroi^an- 
h arm aline, heated with hydrochloric acid and 'chloride of potassium, yields a resinoos 
• product. 

The salts of hydrocyan-harmalino are even less stable than those of har- 
maline. The base does not appear to ^combine with all acids. The hydrochlorate, 
C‘*H*^N^O.CyH.HCl, is a crystalline powder composed of small octahedrons with a 
rhombic base and secondary faces, whereas hydrochlorate of harmaline, when examined 
by the microscope, appears like an aggregation of long yellow prisms. The nitrats and 
sulphate are also crystalline. 

mtroluurmallne. C'*H**N*0* = C«H'*(N0*)N»0. Chrpsoharmine.— This body, 
which is derived from harmaline by the substitution of 1 at. nitryl, NO*, for 1 at. 
hydrogen, may be prepared; — 1. By suspending 1 pt. of harmaline in 6 or 8 pts. of 
alcohol of 80 per cent., adding 2 pts. of strong sulphuric acid, and, when the solution 
is complete, 2 pts. of moderately concentrated nitnc acid ; heating the mixture on the 
water-bath ; and as soon as the reaction, which is very brisk, is over, cooling it quickly 
to prevent secondary decompositions. The liquid then deposits sulphate of nitrohar- 
maline, which is to be washed with alcohol containing sulphuric acid, then dissolved 
in warm water, and precipitated by dilute potash or ammonia. If the nitroharmaUno 
thus precipitated contains harmine or undecomposed harmaline, it may be freed there- 
from by means of sulphurous acid, which forms a sparingly soluble salt with nitro- 
harmabne, but very soluble salts with the other two bases. — 2. By a process exactly 
similar to that which will be hereafter described for the preparation of nitroharmine, 
excepting that the nitric acid used must be weaker, vix. of specific gravity 1T2 instead 
of 1*40. 

Nitroharmaline, precipitated from its salts by an alkali, is an orange-coloured powder 
composed of microscopic prisms ; larger crystals are deposited from the alcoholic solu- 
tion. It is but sparingly soluble in cold water, to which, however, it imparts a yellow 
colour ; boiling water dissolves it much more freely. It is more soluble in alcohol than 
harmine or harmaline ; sparingly soluble in cold ether, more soluble in hot ether. It 
dissolves in oils, both fixed and volatile; also in hot rock-oil. It melts at 120® 0. 

Heated with ammoniacal salts it decomposes them, expeUing the ammonia. Nitric 
acid converts it into nitroharmine. 

The salts of nitroharmaline are yellow. The hydrochloratSf C’*H'*(NO*) 
N-O.IICI, crystallises in small prisms ; its solution, mixed with tetrachloride of platinum, 
yields the chloroplatinate^ 2(C**H“(NO*)N*O.IlCl^.PtCl*, as a yellow precipitate, which 
ultimately assumes the form of minute prisms. 

The nitrate crystallises in yellow needles, rather sparingly soluble in water, espe- 
cially if it contains a little nitric acid. A perfectly neutral solution of this salt, mixed 
with ammoniacal nitrate of silver, yields a yellowish red flocculent precipitate, consist- 
ing of argento-nitroharmaliney C‘*lI‘'*Ag(NO*)N*O.H*0. 

A compound of nitroharmaline with nitrate of silver is obtained in light yellow 
crystalline flakes on mixing an alcoholic solution of nitroharmaline with nitrate of 
silver. 

The neutral sulphate is obtained as a crystalline precipitate on saturating a solution 
of the acetate with sulphate of ammonium. The acid stdphate^ C'*H'*(NO*)N*O.H*SO*, 
is produced by dissolving the base in excess of sulphuric acid, mixed with alcohol, or 
by dissolving it in strong sulphuric acid, and pouring the solution, drop by drop, into 
cold water. It is a pale yellow crystalline powder, nearly insoluble in cold water. 

The sulphite is very little soluble in cold water, especially if acidulated with sulphu- 
rous add. 

The acetate ia soluble ; the oxalate crystallisable. The hydroferrocyanaie is a yellow 
crystalline predpitate. The hydroferricyanate separates in oily drops, which solidify, 
afW a while, to a crystalline powder. The sxuphocyanate forms sparingly soluble 
microscopic needles. 

Rydrocyano •nitroharmaline^ C**H**(N0*)N*0 CyH, is obtained by dissolving 
nitroharmaline in a hot alcoholic solution of hydrocyanic acid ; also, by leaving a con- 
centrated solution of acetate of nitroharmaline, mixed with hydrocyanic acid, to evapo- 
rate ; or by adding ammonia to a salt of nitrohanualfne containing hydrocyanic add. 
It forms slender yellow needles, which give off the odour of ammonia when moist, but 
are Mituanent when dry. By boiling with water, it is resolved into nitrohannaline 
Md hydrocyanic acid Decomposed also by strong ammonia or potash. It dissolves 
in strong snlphnrie acid, and the solution, poured into a small quantity of water, yields 




■ ■ - -'HEAT. . ^ 

the«6 oporations are repeated, the temperatures of liqnrfaction and^solidiflcatfon Wng 
noted e^ time, until sereral closely concordant obserrations of each bare been 
oTtoteTtie means ofwMeb are the melting and sohd.fywg pomts required. 

Inflimce of Pressure upon Melting Points.-Pbe vamtions which occur in the pres- 
sure of the atoosphere are without l^reeptiWe effect in altering the melting po.nte of 
solids or freezing pointa of liquids, but greater differences of pr^s^e are found to 
produce a very sensible effect This was first observed W Prof. W. Thomson, who 
found that pressures of 8-1 and 16-8 atmospheres caused a lowering of the melting 
point of ice to the extent of 0 059° and 0-129° respectively. Those results, therefore, 
rerified the previous theoretical conclusions of Prof. J. T ho m s o n , according to which an 
increase of pressure amounting to n atmo.spheres must lower the melting-^mt of ice 
hvt^^n 0-0075®— a formula which gives 0'061® and 0126® as the differences ot 
rimxifr point corresponding to 8-1 and 16 8 atmospheres pressure. By a still greater 
pressure. Mousson (Ann. Ch. Phys. [31 Ivi. 252) succeeded in maintaining water in the 
liquid state at 5 degrees below zero, and by a pressure estimated at 13,000 atmospheres 
he caused ice to melt at —18®. Analogous effects have been obsen-ed v>ith other sub- 
stances by Bunsen (Jahrcsbcr. iiber Chemie, u. s. w,, 1850, 48) and Hopkins {tOtd. 
1854 48). Their results are given in the following table. Bunsen considers that the 
obse^ations of temperature in his experiments were coirect within 0*1°, but that 
there may bo an error of one or two atmospheres in the estimation of the pressures. 

Freezing and Melting Points under increased Pressure, 


Ob«erver. 

Hopkins. 

Name of 
SubhUtice. 

Sp«n,a. 

Sulphur. 

ProMurc in 



Anno- 

Melting point. 

itpliereii. 



1 

51-1° 64-7° 

107-2® 

520 

60-0 74-7 

135-2 

793 

80-2 8()‘2 

140-5 


Spermaceti. 


Pressure In 
Atmo- 
spheres. 


Freezing 
p lint. 


Pressure In 
Atmo- 
spheres. 


Freezing 

point. 


Latent Heat of Fluidity.-~li has been pointed out already (p. 73) that the 
specitlc heats of solid bodies increase as they approach tlieir molting points, and this 
fact has been connected with the increase of the coefficient of expansion which 
generally occurs simultaneously. In order to raise the temperature of a solid body 
1 degree in the neighbourhood of its melting point, more heat is needed than would 
suffice to cause an equal rise of temperature at a lower part of the thermometric scale ; 
in other words, of a given quantity of heat imparted to a body near its melting point, 
a larger proportion goes to produce molecular modifications (expansion, softening, &c.), 
and a smaller proportion to produce rise of temperature, than is the case at a lower 
part of the scale. From this point of view, it becomes quite conceivable that, at some 
particular temperature, depending on the nature ot the substance under consideration, 
the whole quantity of heat communicated to a body might be expended in causing 
molecular changes (change of the state of aggregation, with or without change of 
volume, &C.'), so that its effect in producing a rise of temperature would be imper- 
ceptible. Tills is exactly what takes place during the melting of solid bocjjes. 

From these considerations we see that the phenomenon indicated imroe second law- 
of the piissage from the solid to the liquid state of aggregation (p. 7«gis one which 
attains its maximum degree of development at the point of actual liqjjWaction, but is 
the same in kind as what occurs at lower temperatures. We see alao^at the fusion 
of glass and other bodies which have no definite melting point, but in which liquefac- 
tion occurs gradually and extends over a greater or less interval of temperature, does 
not differ in any essential respect from the sudden melting of ice at the fixed teinpera- 
ture of 0® C. In the case of glass, a certain small proportion of the total quantity of 
heat imparted to it during its liquefaction, is expended in causing elevation of tempera- 
ture; in the case of ice, this proportion is so small as to be imperceptible in comparison 
w-ith that which goes to cause liquefaction. 

It was formerly supixised that the temperature of a body was always pro^rtional to 
the heat contained in it, and therefore that heat could not be communicated to a body 
without raising its tenn^K'rature. The cessation of the rise of temperature during the 
fusion of solids was first observed by Black, while Professor of Chemistry in the 
University of Glasgow. He ascertained that, during^this process, a considerable quan- 



10 


HABMINE. 


C'*H'*N*0. (Fritzs c Be, loe. eit., p. 7.) — ^This vhieh ron> 

tain* 2rfH less than harmaline, may be obtained either directiy *e seeds of 

Peaottum harmala, in the manner already described, or as a pr^uct of the o^'dation 
Acid chromate of bsrmalinc, bested to 120^ O de^mpos^sadde^^ 
with erolutioa of beat) and produeea barmine, part of which yoMdises and condenses 
on the sides of the vessel A better process is to heat barnMine mth a mizf nre Of 
equal parts of hydrochloric acid and alcohol, to which a little nitnc acid is added. Ine 
conrersion of the harmaline is complete soon after the liquid begins to boil, and on 
cooling, hydrochlorate of harmaline is abundantly deposited in slender needles. The so- 
lution of this salt, decomposed by ammonia, yields the base. 

Harmine forms rhomboidal prisms of 124^ 18'. and 55° 42', nearly insoluble in w»u<er, 
very sparingly soluble, at ordinary temperatures, in alcoAol and in e^/ter. It is a 
weaker base than harmaline ; nevertheless it expels ammonia from its salts at the 
boiling heat. 

The salts of harmine are colourless, and mostly crystalline; their solutions 
have a yellow tint when concentrated, bluish when dilute. Alkalis and alkaline car- 
bonates decompose them, precipitating the base. 

The acid chromate, 2C'>H‘='N'0.H-0.2Cr*0®. is always formed on mixing an acid 
solution of harmaline with a soluble chromate. It is decomposed by heat, yielding a 
peculiar base. 

The hydrochlorate, C’*H’^N*0.HC1, forms needles containing 12*38 per cent, water, 
which they give off at 100° C. From alcohol, the salt is deposited in the anhydrous 
state. The ekloroplatinate, 2(C‘*H>*NH).HCl).PtCl\ is a flocculent precipitate, becoming 
crystalline when heated. The chloroTnercuraie is deposited as a curdy precipitate from 
cold solutions, and ciyataUine from hot solutions. The hydrobramate and hydriodatc 
resemble the hydrochlorate. 

The hydrofcrrocyanatc and hydrofcrricyanate are obtained as yellow precipitates. 

The nitrate, forms yellow needles, sparingly soluble in cold water, still less in water 
acidulated with nitric acid. 

The neutral oxalate is a crystalline precipitate. The acid oxalate, C’®H'®N^0.C*H*0*. 
H*0 forms radiating needles, containing 5*67 per cent, water, which they give off at 
100° C. 

The neutral sulphate, 2C”H'®N®O.H*SO'-2IPO, obtained by dissolving an excess of 
harmine in dilute sulphuric acid and evaporating, forms concentrically grouped needles 
containing 6*67 per cent, of water. The acid sulphate, obtained by 

adding excess of sulphuric acid to a solution of harmaline in boiling alcohol, forma 
crystals similar in form, but anhydrous. 

The sulphocyanate is obtained by precipitation in yellow needles. 


Suhstitution^derivatives of Harmine. 

]>io1ilortiarmlne. C'”H'®Cl*N^O. (Fritz sc he, Petersb. Acad. Bull. v. 12.) — Pro- 
duced by the action of kypochlorous acid on harmine. To prepare it, a very dilute 
solution (containing IJ to 2 per cent.) of hydrochlorate of harmine is heated to boiling; 
10 to 16 per cent, of strong hydrochloric acid is then added to it, and afterwards, the 
solution being still kept boiling, chlorate cf potassium is thrown in, by small quantities 
at a time, until the brownish red colour which the liquid assumes at first, is changed 
to pure yellow. The ebullition is maintained a little while longer, so as to destroy a 
coloured product ; the solution is then allowed to cool ; and the crystals of dichlor- 
harmine which separate are washed with dilute hydrochloric acid, or with solution of 
chloride of sodium, and purified by crystallisation from alcohol, or re-solution in water 
and precipitation by hydrochloric or nitric acid. On redissolving the hjdrochlorate of 
dichlorharmine in a largo quantity of hot water, and boiling it for sci Jlp l hours with 
a groat excess of soda-ley, crystals of dichlorharmine are depositedj^iich must be 
recrystalUsed from alcohol. 

Dichlorharmine fonns soft white needles, insoluble in cold, very slightly soluble in 
boiling water. It dissolves in alcohol, ether, benzene, and sidphCds of carbon, much 
more easily when heated than in the cold. 

Dichlorharmine forms a compound with iodine, corresponding to di-iodide of nitro- 
harmino (p. 11), and containing 46*45 per cent, iodine. 

With ac/rfjs it form.s crystalli’sable salts, which, like those of harmine, are very difii- 
cultly soluble in water containing acids or salts. The mono-acid (neutral) salte are 
decomposed to a certain extent, with separation of dichlorharmine, when a large 
^antity of water is poured upon them. Ammonia throws down dichlorharmine from 
their solutions,^ as an amorphous, colourless jelly ; solution of soda acts in the same 
way, but in case the priHqutate becomes cirstalline when long boiled with a great 
exoeM of Soda solution. Dichlorharmine displaces a trace of ammonia from a boiling 
solution of sal-ammoniac ; part of the dissolved dichlorharmine separates out on coolings 
but the rest only on addition of animonia to the filtrate. 
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titj of h^at, difiVrent for diiferent subetances, disappears so for as Che produ<}tion of 
thermoinetric effects is concerned— or, as he express^ it, becomes and that an 

equal quantity of heat appears during solidiiicHtion. According to modern riews, the 
expression latmt (or hidden) hmt is not strictly correct, for the effect of heat imparted 
to ice at the meJting point is just as risible, though not the same, as that which it pro- 
duces at other tempemtures. Nevertheless, the expression is convenient from the fact 
of its being universally recognised and employed. The latent heat of f 1 ii i d i ty is, 
then, the quantity of heat which must be imparted to one gramme, of a solid at its 
melting point in order to melt it without raising its tern peruture, or which must- be 
withdrawn from a liquid at its freezing point, in order to render it solid without lowering 
its temperature. 

The following table gives the melting points and latent heats of fluidity, expreajj^d 
in ordinary heat-units (gramme -degrees), of vari«ms 8ul>etiincos, according to 
determinations of Person (Ann. Ch. Phys. [3] xxvii. 250): — 

Ijaient Heats of Fluiditif. 


Substance. 

Melting 

Point. 

Latent 

Heat. 

Substance. 

Melting 

Point. 

Latent 

Hat. 

Mercury 

. —39° 

2*82 

Tin . . . 

235° 

14*25 

Phosphorus . 

44 

5*0 

Silver 

1000 

21*1 

lA‘ad . 

332 

6*4 

Zinc 

433 

28*1 

Sulphur . 

115 

9*4 

Chloride of calcium ) 

28*5 

40*7 

Iodine . 

107 

11*7 

(CaCl. 3IPO) ( 



Bismuth 

270 

12*6 

Nitrate of potassium 

339 

47*4 

Cadmium 

320 

1 13*6 

Nitrate of sodium . 

310'5 

63*0 


The latc'nt heat of water was found by Regnault and by Provostaye and I)<‘sains to 
be 70° C. According to Person, this number denotes tlie quantity of lieat required to 
convert ice at 0° C. into water, but not the total quantity of tlio latent heat in tho 
water, inasmuch as a certain additional portion of heat is rendereil latent as tlie tem- 
perature of tho ice rises from - 2° to 0° (Ann. Ch. Phys. [3] xxx. 73). In six experi- 
ments on the fusion of ice previously cooh'd to between —2° and —21° C., the latent 
lieat was found to vary between 79-9° and 80*1°, the mean quantity being 80°. Kegnault 
also found greater values for the latoi t heat of water, as the ice had been (H>oled to 
a lower temperature. According to Hess, the true latent lieat of water is 80*34° C. 
it has been proved by E. Bo sains (Ann. Ch. Phys. [3] Ixiv. 419) that when water is 
cooled below 0° witriout freezing, the quantity of heat needed, in order to raise the 
teniperatiiro of a given weight from below zero to above zero, is the same whetlier 
the water remains liquid all tho time, or whether it first freezes and afterwards melts 
again. 

It is interesting to compare these values of the latent boat of water with those found 
hy Illack in 1762 {Lectures on the Klemcnts of Chcfnistry, 2 vols. 4 to. Edinburgh, 
1803 ; vol. i. pp. 120-127). In one experiment, this philosopher measured tlie time 
rctpiired for the conversion of a known quantity of ice at 32° F. into water at 40° F. in 
a room of which the temperature remained constantly at 47° F., and compared it with 
the time during which the terafK-rature of an equal weiglit of watc'r rose luider similar 
circumstances, from 33° F. to 40° F. ITo thus obtiiiued for tho latent heat of water 
tho number 139° F., equal to 77*2° C. In anotlier experiment, he melted 119 parts of 
ice at 32° F, by immersing it in 135 parts of water at 190° F., and so obtained 254 
parts of water at 63° F. Hence, taking into account the different specific heats of tho 
water and of tho glass in which it was contained, ho deduced the number 143° F., 
equal to 79*44° C. 

The method adopted by Black in the second of these experiments is essentially tho 
same as that still employed for the determination of latent heats of fluidity. A known 
weight of the substance to be examinwl is heatal to a known temperature, and then 
immersed in the water (or other liquid) of a calorimeter, the temperature of which is 
such as to cause the substance to melt if solid, or, if liquid, to solidify; and when 
uniformity of temperature is established in the calorimeter, this temperature is deter- 
mined. The experiment is therefore quite similar to tho determination of the specific 
heat of a substance by the method of mixtures ; the same apparatus may be used and the 
same precautions require to be taken in the two cases (see pp. 26-29). 

In such an experiment let ' 

A be the weight of water in the caloi^eter, the water-equivalents of the calori- 
meter and thermometer supposed included ; 

W, the weight of substance Operate upon ; 
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HydroeldoraU of Dichtorharmine is obtained by dissolyuiff tbe base in water con- 
taining hydrochloric acid, and precipitating by excess of bydrochlorio add. It 
crystallises from water in needles, from alcohol in larger cirstals; chloride of sodinm 
separates it from its solution in the form of a jelly which turns to needle-shaped 
crystals. It contains 2 at. water, which it gives off at 100® C,, but reabsorbs 1 at if 
exposed to moist air. When heated much above 100®, it becomes yeJlow and Joses 
byd^hloric acid ; between 180^ and 200^ it melta to a brown -yellow liquid, which 
dissolves in water and contains a newly formed base. 

The nitrate is precipitated as a jelly, which afterwards changes to ciystalline needles, 
by addition of excess of nitric acid to a solution of dichlorhormine in water containing 
nitric acid. It is anhydrous and less soluble in water than the hydrochlonite. When 
melted it gives off acid vapours and yields a brown mass, from the solution of which in 
aqueous alkalis acids throw down brown flocks. 

Nitrate of dichlorharmine precipitates from o:ride of argmtammmiium, a pale 
greenish jelly, containing silver. When hydrochlorate of dichlorharmine is mixed 
^th nitrate of silver, a jelly is precipitated, without formation of chloride of silver, 
but, on adding nitric acid to the jelly, chloride of silver is formed. 

sritTol&armine. C’*H"(N0^)N‘''0. mtroharmidinp. (Fri tzsch e, Petersb. Acad 
Bull. xii. 33. 226 ; Ann. Cb. Pharm. Ixviii. 328 ; xcii. 330.)— Produced by the action 
of nitric acid on harmaline or nitroharmaline. It does not appear to be formed by the 
action of nitric acid on harmine. To prepare it, 1 pt. of harmaline is dissolved in 2 
]>ts. of water, and the requisite quantity of acetic acid, and to the solution 12 pts. of 
nitric acid of specific grarity 140 are added in a thin stream. A violent evolution of 
red vapours takes place ; and if the liquid be kept in a state of ebullition till the action 
is over, then cooled quickly, and treated with excess of caustic alkali, nitroharmine is 
deposited in the form of a deep yellow precipitate, while a resinous matter, formed at 
the same time, remains in solution. The product is purified by converting it into a hy- 
drochlorate, and decomposing that salt with ammonia. Nitrohamino forms yellow 
needles, tasteless, sparingly soluble in cold, more soluble in boiling water. 
boiling alcohol it separates in deep yellow octahedrons, which soon change into needle^ 
Ether dissolves it but sparingly. It dissolves in rock-oil and in coal-tar nafjhthau Heated 
with a solution of sal-ammoniac, it slowly eliminates ammonia. It unites with lodme, but 


is decomposed by chlorine and bromine. 

The salts of nitroharmine liavo a slightly bitter taste, and mostly crystallise 
in yellow needles. The hydrochlorate, C’>iP«(NO*)N*O.IlCl + 2IPO, obtain^ by 
adding hydrochloric acid in excess to a solution of the base in acetic aci^ or in hot 
water acidulated with a few drops of hydrochloric axud, crystallises in slender nee^es, 
whicli may bo puiifiod by recrystailisation from boiling alcohol. The chloro^latinate 
is soluble and crystallises in needles. , 

The neutral nitrate is but sparingly soluble in water, still less in dilute nitnc acid : 
hence nitric acid gradually precipitates nitroharmine from tho^ solutions of its 
salts. It crystallises in yellow needles, which, if left in the acid liquor, gradually 
change to granular and rhombo'idal crystals of a deeper yellow colour. There appears 
also to be a basic nitrate, somewhat more soluble in water. 

The hydrocyanate does not appear to exist by itself, but a double compound of 
hydrocyanaie of nitroharmine and mercuric cyanide is deposited in granular crystals 
when cyanide of mercniy is added to a boiling solution of acetate of nitroharmine 

and the liquid left to cooL , . , i a- * 1 ,.. 

The hydroferroeyanate and hydroferricyanate are obtained by precipitation, the 
former in microscopic prisms, the latter in yellow grains. The sulp^yanate 

forms nearly colourless needles, sparingly soluble in cold, more soluble in hot water. 

Di-iodide of Nitroharmine. C>*H"(NO*)N"O.P, separates in yellowish brown 
agglomerated microscopic needles, on mixing the boiling solutions of iodine and nitro- 
harmine in alcohol or coal-tar naphtha. It is nearly insoluble at ordinary temperatures 
in water, alcohol, ether, and coal-tar naphtha; slightly soluble at higher tempemture^ 
It may be heated to 100® C. without decomposition. It is resolved into iodine and 
nitroharmine by boiling with alcohol, and more quickly with dilute sulphunc acid. It 
appears to form a ciystalline salt with hydrochloric acid. It dissolves also in acetic and 
hydrocyanic acids, and these solutions yield crystalline compounds. 

BBOMOKirnoHABioins. C*-H'*BrN*0» - C»*H>*Br(NO»)N*0. Bromonitro^rmidine,^ 
When bromine-water is added to a very dilute solution of a salt of nitroharmine, 
smell of bromine disappears immediately, and on addition of arnmoni^ bromomtro- 
harmine is precipiUted and may be purified by recrystailisation from ^cohoL H re- 
sembles chloronitrobarmine, forms salts with acids, and unites with bromine and iodine. 

The dibronUde, C'*H'^rN*0».Br*, is formed on adding bromine-water in module 
excess to a eolation of brewaonitrdharmine in weak alconol, and separates on cooling 
and stirring the liquid, in yellow miciwcopic needles. 
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/> = -5^(9-0-c(7’-C)-C(C-fl). 


■‘; v: 

tlie Initial temperature of the calorimeter ; 

$, the final temperature of the ciilorimeter ; 

T, the initial temperature of the substance ; 

C, its melting (or freezing) point ; 

C, the specific heat of the substance in the sohd state between the temperatttres 

C and B; , ^ 

c, its specific heat in the liquid state between the temperatures T and C ; and 
L its latent heat of fluidity. 

Suppose that the experiment is made upon a melted substance which gives out heat to 
the (Sbrimeter and solidifies in it: then it is plain that the quantity of heat A (B-f) 
absorbed by the calorimeter is made up of three parts— first, the heat lost by the 
substance in cooling from its original temperature to its freezing point ; secondly, 
tie heat given out by it during solidification ; thirdly, the heat which it loses while 
c^ljng from its freezing point to the final temperature of the calorimeter. That is, 

+ L + C{€-^B)]; 

whQpeo 

Tho manner in which this formula will require to be modified, in order that it may 
apply to the case of a solid substance which is melted in the calorimeter by absorbing 
heat from it, need not be specially pointed out. 

Changes of Volume accompanying Fusion and Solidification. — Tlio 
accelerated rate of expansion exhibited by most solids as they approach their 
melting points, is in most cases followed by a further expansion during the actual 
process of liquefaction, so that tho melted substance occupies a greater bulk than the 
solid of tho same temperature from which it is formed. This phenomenon has been 
particularly studied by Kopp (Ann. Ch. Pharni. xciii. 129), whoso principal results are 
as follows : 

Phosphorus (the yellow modification of specific gravity T826 at 10®), expands 
uniformly up to its melting point (44°), at which temperature its volume is 1*017 of 
what it was at 0®; when melted, its volume at the same temperature is 1052 of the 
volume at 0°. Hence 100 vols. solid phosphorus at 44° become 103*4 vols. liquid 
phosphorus at the same temperature. 

Sulphur (native crystals, specific gravity 2*069) expands irregularly near its melting 
point (115®). Its volume being 1 at 0®, is 1*010 at 60®; 1*037 at 100^; 1*096 at 
115® ; at the moment of fusion, the expansion amounts to 5 per cent., the volume then 
increa.sing to T160. 

Wax (bleached bees’ -wax, specific gravity 0 976 at 10®) expands very rapidly as it 
approaches its molting point (64®), but only 0*4 per cent, more attlie moment of hision. 

If tho volume atO® is 1, the volume at 50° is 1*068 ; at 60®, is T128 ; at 64®, is 1*161, 
and increases i)y fusion to IT 66. 

Stearic acid (pure, specific gravity nearly TO at 10°) expands le.ss than wax before 
melting, but then expands as much as 11*0 per cent. The volume at 0° being 1, it is 
1 038 at 60° ; 1 054 at 60° ; and T079 at 70®, at which temperature the acid melts, its 
\x)lumo increasing to T198. 

Pose's f usible metal (2 pts. bismuth, 1 pt. tin, and 1 pt. lead ; specifip gravity 8*906 at 
10®) expands, when heated from 0® to 69°, in the ratio of 1 to 1*0027 jTWit contracts when 
further heated, its volume at 82° being equal to that at 0°, and at 95® equal to 0*9947 ; 
in melting, between 96° and 98°, it expands by T65 per cent., eo that at 98® its volume 
is equal to TOlOl, This alloy, therefore, contracts from 59® up to Its melting point. 

Water presents a remarkable exception to the general rule, and eixpaj|d0 aTw 
ment of fusion, or ^tracts on molting by about 10 per cent. One If ice at 0® 

gives 0*918 volume W waiMr at the same temperature, or 1 vqlun^ owMer at 0® gives 
1*102 volume of ice. Oufour found, as the mean of 24 experimeaw the density of 
Ice at 0® equal 0*9175, that of water at the same temperart,ura4wfng U Brunner 
fdUnd for the density of ice the number 0*918. 

hydrated salts, on the contrary, expand at tl^e moment of fusion, 
chloride of calchim (CHCl*.6H*0),^by 9*6 per cent. *, ordinary phosphate of sodium 
(PNaH10M2H*0) and hyposulphite of sodium (S*Na*0*.5H*0) each by 5*1 per cent. 

The expansion which takes place in water at the moment of solidification afH$rds an 
explanation of several important phenomena. In the first place, it enables us to under- 
stand why increase of pressure should retar^j^e freezing of water, instead of faci- 
litating it, as it does that of most other liquiSf^ Since the tendency of both heat and 
pressure is to diminish the bulk of wi^r at 0®, and therefore to oppose the change of* 
volume that occurs on freezing, it i^*tp^ly conceivable that the one influence may (af^ 
least within certain limits) replace W^'Other, ilul that a strong pressure applied 
water at or below 0® may a.9 elfcctually pmweut Its solidification, as the communiciitio^ 
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C«H*«CIN’0» «* C'>H*®C1(J^0»)N*0. CMoronitroharTnidine. 
(F^“K^^ca4 ill xi?225; Ann, Pliap.. xcu. 330).-Pnoduced 
by the action of chlorine on nitroharmine, or of mtromuriatic acid on bamalino. 

When chlorine-water ia added to aqueous hydrochlorate ora^tate 
of ni^hannine, or chlorine gas is passed into the solution till the ^ 

twcomes permanent, chloronitroharmine separates in the form of a jelly. If the 
action of the chlorine be too long continu^, a yellow resm is produced. The 
JrUted to boiUng, and the resulting solution is prempitated bv the cautious addition 
Of ammonia, drop by drop, with constant stirring. A more or less ciystalline product 
i tC obf^ned, whereat from cold solutions, a jelly is precipitated, which is diffic^t 
to wasb.-2. A solution of I pt. harmaline in 2 pts. water and the requisite quantity 
of acetic acid, is poured into 12 ptf>. of boiling nitnc acid of specific gravity 1-40, and 
2 pts of fuming hydrochloric &cia are added to the mixture; or the harmaline solution 
is poured into the boiling mixture of the two acids. The h'quid becomes red-brown, 
£roths up strongly, and evolves a volatile substance which attacks the eyes, ^ but 
deposits nothing but resin on cooling. In order to separate the dissolved chloronitro- 
harmine, a solution of sal-ammoniac, cooled by placing lumps of ice in it^ is poured 
into the liquid ; this is diluted with about an equal bulk of water ; and caustic soda is 
then adde^ until it smells strongly of ammonia, whereby an abundant precipitate of 
impure chloronitroharmine is thrown down. The product is washed with dilute 
hydrochloric acid and heated with water ; the solution freed by filtration from undis- 
solved resin, and OTccipitated by gradual addition of ammonia; and the precipitate 
purified by crystallisation from not alcohol. The crude chloronitroharmine may also 
be dissolved in boiling water, with addition of just the necessary quantity of nitric 
acid, and precipitated as nitrate from thp cooled filtrate by addition of nitric acid in 
excess ; this saui, after being washed, may be dissolved in hot water, and pure chloro- 
nitrohamiine precipitated from the boiling filtered solution by means of caustic ammonia. 

Chloronitronarmine forms a bright yellow, brittle mass, composed of very fine 
needles, which cannot be distinctly perceived, even under a magnifying power of 300. 
Ammonia precipitates it from cold solution^, as an almost transparent, deep yellow, very 
bulky jelly, which shrinks very much on drying. It is tasteless in the solid state, 
slightly bitter and rough in solution. It gives off 11-4 per cent, water at 100® C. 

(2 at ■■ 10*98 per cent.), and becomes orange-yellow. It dissolves but slightly in 
cold water; more abundantly in boiling water, forming a yellow solution; with 
moderate facility in boiling alcohol ; slightly in ether ; abundantly in boiling coal-tar 
naphtha, and in rock-oil. 

Chloronitroharmine dried at 100® C. leaves a reddish-yellow residue when 
alcohol or coal-tar naphtha is poured upon it, but dissolves completely when boiled 
with dilute nitric acid, — Solution of iodine converts it into di-iodide of chloronitro- 
harmine. When mixed T»*ith solution of iodide of potassium, and then with nitric 
acid, it deposits a deep blue precipitate. 

Chloronitroharmine unites with acids, forming yellow salts. When boded with 
solution of sal-ammoniac, it slowly displaces a trace of ammonia. 

The hydrochlorate^ obtained by adding hydrochloric acid in excess to a solution of 
the base in hot alcohol, forms fine capillary crystals moderately soluble in water. It 
is precipitated from its aqueous solution by a large excess of hydrochloric acid, as a 
yellow jelly ; by chloride of sodium in white fiocks. On mixing the hot alcoholic 
solutions of this salt and tetrachloride of platinum, chlorvplatinate of ckloronitrow 
hamiine^ 2(C**H'®ClN*OMICl)PtCl*, is deposited on cooling in fine yellow prisms. 

The nitrate forms stellate groups of slender needles. A perfectly neutral solution 
of this salt mixed with ammonio-nitrate of silver, yields a precipitate cdbsisting of a 
compound of chloronitroharmine with nitrate of silver. 

Sulphatfs. — A solution of chloronitroharmine in warm alcohol coMpping sulphuric 
acid deposits the neutral sulphate on cooling, in spherical groups of elfellary needles. 
From a hot aqueous solution the salt is deposited in light yellovT “gelatinous flocks. 
The acid sulphate separates slowly in needles from a hot concentrated alcoholic 
solution of the neutral salt mixed with excess of sulphuric acid. 

Di- iodide of Chloronitroharmine, C‘*H’*ClN*OM’, separates in slender 
needles resembling di-iodide of nitroharmine, from a mixture of ^e hot solutions of 
iodine and cldoronitroharmine in alcohol or in coal-tar naphtha. It is more soluble 
in alcohol than the di-iodide of nitroharmine, and dissolves easily in warm alcoholic 
hydrocyanic acid, separating in rounded granules on cooling. 

BARSKOTOMS* This term includes two isomorphous mineral species, identical 
in crystalline form, vis. : Saryta-^harmotomc, and Lime-harmoUymc. 

Barjtap4iarmotome« also called Cross-stone^ StaurolitSy Andrealite^ Andreas- 
hsfyoUte^ Mbrvenite, — Crystals belonging to the trimetiio system, being generally 





Fusion and solidification. 


of heat which would raise its temperatare above the freeting point. In the case of 
substances whose volume in the solid state is less than their volunio in the liquid state, 
pressure acts in the opposite sense to heat, and therefore retards liquefaction and pro- 
motes solidification. 

This same phenomenon is the cause of the powerful mechanical effects which occur 
when water freezes in a confined space. The bursting of water-pipes, and the breaking 
of jugs containing water, during frosty weather, are among the most familiar of these 
effects ; and to these may be added the splitting of rocks by the freezing of water in 
their fissures and the sw'elling up of moist ground during frost. 

The force with which water expands when cooled, and at tlio moment of becoming 
ice, is strikingly illustrated in the experiments made by Major Williams, at Quebec. 
Having filled a 13-inch iron bomb-sholl with water, he closed the bole left for intM- 
ducing the fii.sce by driving firmly in an iron plug weighing nearly 81bs., and expowd 
it in this state to the frost. After some time, the iron plug was forced out^w^th 
a loud explosion and thrown to a distance of 41o feet, and a cylimler of Ire, 8 
inches long, issued from the opening. In another experiment, the shell burst before 
the plug was driven out, and in tliis case a sheet of ice spread out all rolUld b^ho 
crack. If wa take into consid< ration tlie experiments of W. Thomson and Mousson 
already recorded (p. 75), it seems probable that some of the water must bave re- 
mained liquid in these experiments, up to tJio moment when the resistance was over- 
come ; that it then issued from the shell in the liquid state, but at a temperature below 
0^, and therefore instantly began to solidify when the pressure was removed, and so 
retained the shape of the orifice wlionce it issued. 

Hismuth, cast iron and antimony expand like water on becoming solid. 

Solution of Solid Bodies in Water. — Very many solid sub.stances are capable 
of dissolving in water, and thus forp^ing with it a uniform mixed liquid. As a general 
rule, the solvent power of w'atcr increases with its temperaturo, but tliis is not uni- 
versally the case ; for example, chloride of sodium lias very nearly I lie same solubility 
in cold water that it has in boiling water; lime-water satural(‘d at 0^, contains nearly 
twice as much lime as can be dissolved by the same quantity of \vatcr at 100^. Several 
other calcium-compounds exhibit similar properties ; thus the sulphate is more soluble 
ill cold than in boiling water, and becomes quite insoluble in W'ater between M0° and 
150'^ (Coust^, Ann. des Mines, [5] v, 143). Sulphate of sodium is more soluble in water 
at 33° than at other temperatures, higher or lower, ami has about the same solubility 
at 0° that it has at 100°. From the experiments of Sullivan (Rep. Brit. Association, 
1859, p. 292) it appears that the solubility of very many salts attains a maximum at 
.‘>01110 particular temperature, above wliich it diminishes. Hence, perh.aps, the reason 
why the solubility of mo.^t solids is commonly supposed to increase continuously as 
the temperaturo rLses, is that it ha.s been determined only at temperatures below 100°, ' 
and that the points of maximum .solubility for mo.st substances lie higher. If this In 
so, the solubility of sulphate of sodium, — and of the few other salts (soleiiuteof sodium, 
sulphate of iron) in which similar properties have been ob.served, — is only in so far 
anomalous, that its temperature of maximum solubility is lower than that of most other 
sub.stances. Water which is saturated at a given temperature with one substanco*can 
usually dissolve an additional quantity of another. 

The liquefaction, of solid bodies by solution in liquids, obeys e.s8entially the same laws 
as their liquefaction by the direct appliciition of heat. It is fiicilitated or retarded iu 
the same way by great variations of pre.ssure, and is attended by the absorption of a 
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certain quautily of hea^ which is evolved again when the dissolved substance separates 
from soiulion in form; iLsually also the volume of the solution difKpm from 

the combjiii^ volnmet of solid substaneo and water at the same temperature ; and, 
lastly, eolntions preMbt tb« phenomenon of «n^perHntnrntiftn to that df the 

differred aOUdifica^n of 1%^^ > ^ 

As m^ht be expectedVftbin the analogy with the l^uefttttbn of solid bodies in 
general, increased preesnne fiivonrs solution in cases where, as is usual, the volume of (He 
water and dissolved snbe^ce is less after solution than tlio volume of Uie water afid 
substance when separate; and diminishes the soliij7||;ity of substances whose volume 
when dissolved is greater than their volume in the solid state, together with that of tbi 
(Comp. Sorby, Proc. Roy. Soc. xii. 638, also, Moller, Jahresber. X862, 
pp. 11-18.) 


The absorption of heat which occurs during solution is taken advantage of by the 
chemist for the artificial production of Hw temperatures. The table on the next page 
gives a few of the most frequently uswul freeaung mixtures, with the reduction of 
^temperature which can be produced means In order tb obtain the greatest 

possible effect by the nse of any of the^ mixtiSM|||:it is necessary to use a considerable 
#Mn^ty of the materials (2 or 3 poundint liKi^ihbtberwise the whole heat required for 
tne liquefaction is furnished by tiiA vesSbl, and the whole of the mixture 


0 :^ is necessary to use a considerable 
ihbtberwise the whole heat required for 
ves^l, and the whole of the mixture 
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i«etaiiffiilar pnimi with foor-sided smnmits set upon the Utenl edges. Ordinal^ 
combination, P . oof oo . oof oo . f oo (like>^. 62«), often without Poo . JEUtio of the 
axes* a : i : 0 - 0'9781 : 1 : 0*684. For P, the angle of the terminal edM in the 
brachjdiagonal eection * 121"^ 28', in the macrodiagonal section, « 120*^ I ; and the 
angle of the lateral edges (in a section parallel to the base) is 88® 44', Cleavap;e most 
distinct parallel to oof oo . The crystals are generally twins, inserted crosswise into- 



one another, as shown in fy. 629, in which the faces oof oo are denoted by w, and 
oof 00 by ^ For distinctness, the faces of one of the crystals are sliaded (Aopj, 
KruTJlgTaphie, p. 263). Rarely massim Specific gravity = 2-39 to 2-498. Ha^- 
ness - 4?. Lustre vitreous. Colour white, passing into grey, yellow, red. or bro^. 
Streak white. Subtransparent to translucent. Fracture uneven, imperfectly conchoidal. 
Brittle. Melts without intumescence before the blowpip^ 

When finely pounded it is decomposed completely, though with difficulty , by by Iro- 

'*'The foTbwing aw anaJyBcs of N^’pwTj' 

tian (Kohler, Pogg. Ann. aixvii. 661); <•. from Strontian 

1832, July, p. 33); d, Morvniitr, from the same (Damon r, Ann. Min. [4] ix. 33 ), 
r, from Andi 

SiO* 

A1»0* 

Fe^O* 

BaO 
CaO 

K’O / 

Na^Oj 
U*0 

ay*(D *“■ — 

These analyses agwe pretty nearly with the formula Ba0.Al»0*.6Si0> + 6H»0 
(Rammelsberg), which requires 46-66 per cent, silica, 16-66 alumina, 23-79 boi^U, 
and 14-00 water (the other constituents being regardwl ns adventitious), and by sub- 
stituting a/ = J Al, and regarding 2 at. hydrogen as basic, this formula becomes 
(Ba"ai‘H*)Si»0*‘.4H*0, which is reducible to the formula of a metasih- 

The composition of the mineral has, however, 
by the formula Ba0.AP0^.3§^i0^ + 6HO. or 2(BaO.AFO»).9SiO*+ lOITO ; But thw 
formula gives only 44 per cent, silica, which is considerably below that of all analyses 

which have b^n made of the mineral. «*. 

Baryta-harmotome occurs at Oberstein in Zweibrucken, in siliceous geodes , at 
Andreasbenr in the Hartz; at Strontian in Argyleshire ; in Norway on goew; 
simple crystals with anaicime, in the amygd^oid of Dumbartonshire. 
called distinguished by the greater brilliancy of its crystals, is also found at 

Strontian. (Dana, ii. 323; Om. iii. 446.) 

or PoiaiA-AamwUme, PAillipsiie, CkruitamU.—I^moipho^ 
. . . . cs frt 3. llard- 


a. 

b. 

c» 

if. 

0, 

/• 

46-65 

46-10 

47 04 

47*60 

48-74 

48-49 

16-64 

1641 

16-24 

0-24 

16-39 

0-65 

17-66 

16-36 

19-12 

1-10 

20-81 

0-63 

20-86 

0-10 

20-86 

19-22 

20-08 

1-10 

0-90 

1-72 

1-65 


2-07 

16-25 

16-11 

14-92 

14-16 

14-66 

13-00 

99-76 

99-96 

100-11 

101-21 

lW-'27 

■9999 


Xdaan-lkarmotomn or Potatt^namwwme, 
with the preceding, occurring also in twins. Specific gravity — 2-2 a^, ‘ t 

ness - 4 to 4*6. Lustre vitreous. Colour white, sometimes reddish. Streak 
loured. Translucent-opaque. Before the bbwpijpe it intumcsces shgfatly, ®^ 
water, and melts to a tranducent glass. HydrocUonc acid decomposes it easily, with 

separation of gelatinous silica. mix - 

The foUowing are analyses of lime-harmotome from Annerode nea* Oiesssn 
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1»<v,m«8 liquid before its temperature has been much reduc^. It w also of importaaco 
Se mterials should bo mixed as intimately as possibfe. Other more ^irerftl 
fee!% mixtures, depending on the employment of condensed gases, wiU be /escribed 
hereafter. 

Table of Freezing Mixtures, 


I Ingredient! of the Mixture. 

Part! by 
Welghf 

pSzrr.- pi-"i"u.>onof| 

Ing from 10°. rernperature. | 

/ j Water 

/ / 1 

// 

... 

jNitmte of ammonium 


/ 


/Water 

16 

o 

7 

22« 

y of potassium 

6 

(Chliaide of ammonium . 

6 

} 


/Water . . . 

1 

1 -19° 


< Nitrate of ammonium 

1 

29° 

( Carbonate of sodium 

1 



(Snow, or pounded ice 

6 

1 

20° 

} Chloride of sodium .... 

2 


j Snow, or pounded ice . . . 

1 

: 

45° 

1 Crystallised chloride of calcium 

2 


i Ciystallised sulphate of sodium 
( Hyilrochloric acid .... 

8 

5 

' -20° 

30° 


From a table already given (p. 60), it will be seen that water containing saline 
substances in solution freezes at a lower temperature than pure water, and that the 
depression of the freezing point increases witli the quantity of substance in solution. 
This latter point is proved still more distinctly by the more recent experiments of 
Rudorff (Phil. Mag. [4] xxii. 552), from which it appears that tlie depression is very 
nearly in exact proportion to the quantity of salt dissolved. The ice which forms from 
a dilute solution of a salt yields nearly pure water when melted. 

When a' saturated solution is cooled, the excess of dissolved substance, beyond that 
which saturates the liquid at the lower temperature, generally separates out in the 
crystalline form ; sometimes, however, especially if the solution is cooled slowly and is 
kept at perfect rest, a condition of unstable equilibrium may arise, like that of liquids 
cooled below their ordinary freezing points without solidifying, in which a greater 
quantity of substance is retained in solution than the liquid would be capable of 
dissolving if it were put in contact with it in the solid form. In this state, solutions 
are said to be supersaturated; and the same causes are in general sufficient to 
cause the separation of the excess of dissolved substr.nce, as cause tlie solidification of 
over-cooled liquids. 

If an aqueous solution of a salt is boiled in a flask of wliich the nock is drawn out to 
a fine point, and if the point is then hermetically sealed when all the air has b<*en 
expelled, the solution very frequently remains supersaturated when cold; but on 
breaking the point, so as to readmit the air, even if this is done without shaking the 
.solution in the least, or allowing the smallest fragment of glass 4*0 fall into ft, crystalli- 
sation in most cases begins. If, however, the air that entenT been 

previously passed through a red-hot tube, or oven if it has been met^ij^Sltsned through 
a coluniil of OSttouwool, crystallisation does not take place (corap. Jahresber. 

. 369t Bcfcpoder, Ann. Ch. Pharm. cix. 45; aly pt\rticulai: |g|^ elin*8 Band- 
The most probable explanation of this diiferen oj|^^ *lhat the solid 
ubjis ISifttter contained in the unheated or unfilterfl^ir, disturb the 
Ubrium of the solution by dissolving in it, and so c|pU crystalli-sation 
i explanation is confirmed by the fact that a supet^turated solution 
^ flot crystallise if stirred with a glass rod or platinum wire which has 
rJSwted to rednessj but crystallises instantly if touched with a rcnl that 
eiijwed to the air. 

^ supersaturated solutions below 0°, they may be brought into such a con- 
1‘^ther ice or the dissolved salt will crystallise out according to circumstances. 
Thus Rudorff found (/oc, e/t, and Pogg. Ann. cxvi. 65) that a small fragment of ice, 
thrown into a strongly coohnl solution of platinocyanido of magnesium or sulphate of 
sodium, caused a crystallisation of ice, the whole of the salt remaining dissolved, until 
a very large proportion of the water had been transformed into ice ; while a fragment 
of the solid salt thrown in caused the salt to crystallise, but no ice. The crystals of 
ice and of the salts us^^j^lUlpe experiments were easily distinguishable by the« 




14 harringtonite-hauyne. 

rWernekink,Gilb.Ann.lxxTi. 171,336); ft, from Stempel near (L. 

Leonh. Zeitechr. f. Min. 1826, i. 8); e, from the same; d, from Habiebtewalde, nea: 
'Cassel (Kohler, Pogg. Ann. xxxviL fi61); e, from the Giants Causeway (Connell 
Edinb. Phil. J. xjlxv. 373). 



a. 

b. 

e. 

d. 

e. 

SiO^ . 

. . . 48-36 

48-61 

60-44 

48-22 

47-36 

Al^O* . 

. . . 20-00 

21-76 

21-78 

23-33 

21-80 

Fe^O* . 

, . 0-41 

0-99 

. . 

. . 

370 

CaO . 

. . 5*91 

6*26 

6*50 

7*22 

4*85 

K®0 . 

. . 6*41 

6*33 

3*95 

3*89 

5*55 Na*0 

BaO . 
H*0 . 

. . 0*46 

. . 17'09 

17*23 

16*81 

17*56 

16*96 


98*64 

101*08 

99*48 

100*22 

100*21 


The composition of lime-harraotome has been represented by several different formulae. 
The quantities of calcium and potassium contained in it are somewhat variable, but its 
composition appears to be, for the most part, that which is expressed by the formula 

^^“^|,3Al*0>.12Si0»+ ISH^'O (50 2 per cent. SiO«, 21 3 A1*0*. 7 0 CaO, 6-6 K®0, and 

15 0 water), which, by substitution of al for |A1, as before, becomes (Ca®K®aZ®)Si'’0*'*. 
16H*Q, and is reducible to the general formula M**Si’*0*®.16H®0, or M*Si0*.5H®0, 
which is that of a motasilicato, and differs from the general formula of baryta-harmo- 
tome only in its amount of water. 

Lime-harmotome occurs in the amygdaloid of Uie Giant’s Causeway, in large trans- 
parent crystals. It is also found in Iceland ; among the Vesuvian lavas ; in sheaf-like 
aggregations at Capo di Bove, near Rome ; and in long radiating crystals at Aci Gastello 
in Sicily, and other localities. (Dana, ii. 324; Rammelsberg, AfinaraicAentifi, p. 811.) 

HASSZirOTOirZTB. See Natrolitk. 

BAimZSZTZS. A variety of cuprous sulphide, Cu®S, occurring in the Canton 
mine, Georgia, in crystals belonging to the regular system, and cleaving parallel to the 
faces of a cube (Shepard, Jal^esb. f. Cheni. 1857, p. 666). Genth (Sill. Am. J. [2] 
xxii. 449) regards it as a pseudoxnorph of copper-glance after galena. 

BARTZVr. Tsatyrin . — A fossil resin resembling hartite. Massive, but 

crystallises from rock-oil in needles belonging to the trimetric system. White ; desti- 
tute of taste and smell. Pulverises between the fingers. Melts at 210® C., and distils 
at 260'^. Slightly soluble in ether. Gives, by analysis, 78 06 per cent. C, 10‘92 II, 
and 11 ‘02 0. It is found in the lignite of Oberhurt, Austria. (Schrbtter, Pogg. Ann. 
liv. 45.) 

BABTZTB. CTT*. — Another fossil resin from the lignite of Oberhart. Oblique 
prisms belonging to the mouoclinic system. Cleavage only in traces. Specific gravity 
1'046. Hardness = 1. White, with a somewhat greasy lustre. Translucent. Brittle. 
Melts at 74® C., and di.stils at higher temperatures. Dissolves easily in ether, less 
readily in alcohol, and crystallises from each solution by evaporation (Haidinger, 
Pogg. Ann. liv. 2C1). Gives, by analysis, 87’47 percent. C and 12*06 H. (Schrotter.) 

BATCBBTTIW or Mhieral Tallow^ a fossil resin occurring in the coal measures 
of Glamorganshire; crystallised and amorphous in thin larainDe; like wax or sperma- 
ceti in consistence. Specific gravity 0*916 at 15*6° C. White and transparent, with 
nacreous lustre, but becomes black and opaque by long exposure. Greasy to the touch. 
Melts at 46<^ C. Distils without change when cautiously heated. Dissaves sparingly 
in boiling alcohol, and separates on cooling; sparingly ^so in cold Jther, more easily 
in hot ether. Gives, by analysis, 85-9 per cent, carbon and 14*6 h«||i6gen (■» 100*6), 
(Johnston, Phil. Mag. xii. 338.) ^ 

A similar substance is found at Rossitz, in Moravia. Specific gravity, 0*892. Hard- 
ness ■« 1. A variety from Loch Fyne, near Inverness, melts at 47® C. Another allied 
mineral from Mertiiyr Tydvil, melts at 76*60 C. 

BAVBBZTBL Native disulphide of manganese, MnS*, found at K&linka, in Hun- 
gary. (See MAyr.ANBSB, Sulphibbs or.) 

BAIFBMAHlir 1TB. Native manganoso-manganic oxide, MuO.Mn*0*, or Mn*0*, 
found at Ilmenau in Thuringia, at Ihlefeld in the Hartz, and one or two other locali- 
ties. (See MAifOANESB, Oxidjus of.) 

HULtmfBs A mineral consisting of silicate of aluminium, sodium, and calcium, 
with sulphate of calcium, occurring in the lavas of Vesuvius, on Somma, and on the 
basalt of Niedermeudig, near Andemach, on the Rhino. It crystallises in rhombic 
dodecahedrons, with cleavage parallel to the faces, sometimes distinct; commonly in 
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difi^rent colotin and specific graTities. These resnlts are quite analogous (a the simul* 
taoeous separate ciTstallisation of two or more salts contained in the same solution. 

Vaporisation and Condensation.— When a quantity of water or alcohol is left 
exposed to the air, it ^dually disappears, owing to its transformation into a transparent^ 
invisible vapour, which diffuses into the atmosphere. This formation of vapour at the 
free surface of a liquid constitutes evaporation. It takes place more or less rapidly 
with all liquids, except some of those which are easily decomposed by heat when their 
temperature is sufficiently high. Some liquids, such as water, evaporate at all tempe- 
ratures, but this is not the case with all : for instance, mercury gives off no sensible 
quantity of vapour at — 10®, and two basins may bo placed near each other, under an 
exhausted receiver, at the ordinary tcmpernturef one containing oil of vitriol and the 
other a solution of chloride of barium, without the smallest precipitate being formed in 
the latter. Some solid bodies, e.g. ice, iodine, camphor, give off vapoutl^: without 
previously passing into the liquid state; and it is proved by Kcgnault’s experimenta 
(upon benzene, bromide of ethylene, glacial acetic acid, chloride of cyanogen, and 
chloride of carbon), that substances which are capable of existing at the same tem- 
perature either as solids or liquids, produce, in both states of aggregation, vapours of 
equal tension (see next paragraph). 

Fig. i) 10. 


Fig, 530. 



1 : 




Tension of Valours . — The quantity of any given liquid which can evaporate in 
an prosed space, either previously vacuous or al^dy containing a gas or vapour, is 
^uimtea, and depends on the nature of the temperature, and on the 

«tent of the enclosed spf^e. When the liquid that is, when some of it 

formation of the laig^ quannl^PP^lpar that is possible under 
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crystalline grainf. Spetnfie gravity 2'4 to 2 5. Hardness 5*5. Lustre varying fWim 
vitreous to greasy. Colour bright blue, occasionally aspara^-green. Streak bluish- 
white. Subtransparent to translucent. Fracture flat-concnoidal to uneven. Before 
the blowpipe it decrepitates and fuses slowly to an opaque white or greenish-blue 
glase. Effervesces with borax, and forms a glass which is yelloyr when cold. The 
finely pulverised mineral dissolves completely in hydrochloric acid, the liquid deposit- 
ing gelatinous silica when evaporated. 

The composition of hauyne has been variously stated. From the analysis of the 
mineral from Mont Albano, Whitn ey (Pogg. Ann. Ixx. 431) deduced the formula 
3fNa*0.Al*0*.2Si0*) + 2(CaO.SO*), or 3(Nau/*)SiO^CaSO* ; from thatlof hauyne from 
Somma, Bammelsbeig calculates the formula 2(Na*0.Al*0» 2SiO*l-fe/CaO.SO*), or 
4 (N 8 Ui/^)SiO\CaSOt The following table exhibits the numbers deduced from these 
formulse, together with the results of the corresponding analyses : 


Mont Aldano. 

(Wilftnf'y.) 

Somma. 

Calc. 

An»lysfs. 

4SiO* . 

6SiO* . . 

32-20 

32-48 

2SO* . . 

14 31 

12-98 

SO* 

3Al*0* . . 

26-83 

2775 

2Al-*0* . 

2CaO . . 

10-02 

9-96 

CaO 

3Na»0 . . 

16-64 

14 24 

2Na20 . 

K»0 . . 

10000 

2-40 

9^1 

K^O 


(RammelslMrg.) 
Calc. Analysla. 

34-29 

34-06 

11-43 

11 25 

28-57 

27-64 

8*00 

10-60 

1771 

11*79 


4-96 

foFoo 

100*30 


According to these formulae, hauyne is allied to nosean, sodalite, and ittuerite, all of 
which are silicates of the form M20.Al»0».2Si0», easily reducible to an orthosilicate, 
(Ma/*)SiO^ [rt^=«JAl = 9*l]. The formulae of these minerals are in fact: 

Hauyno : ® | Mai*SiO* . CaSO* 

Sodalite : 3Mal*SiO* . NaCl 

Nosean : 6Ma^SiO^ . Na'^SO* 

Ittnerite : 6Ma/»SiO* . (CaSO*; NaCl) + 0H*O 


Hauyne from Niedennendig contains, according to Whitney, 33 90 SiO'-*; 12 01 SO*; 
28 07 A1*0*- 7*60 CaO and 19’28 Na^O - 10073, and is om posed of 1 molecule of 
no.eau aud 2 molecules of the Albano hauyne. The blue colour of hauyne app«ir. 
to arise from a small quantity of a metallic sulphide similar to that which gives the 
colour to ultramarine. All specimens of hauyne when treaty with hydrochloric 
acid, give off at least a trace of sulphydnc acid. (Dana, ii. 230 ; Uandw. J. Chem, 
iii. 832.) 


BJ&.inrXVOPBY2&. A name applied to the lava of Mold on the Vulturo. This 
lava is black or brown, and contains hauyne of various colours, and augito in slender 
needles. It is strongly attacked by acids. AVhen it is treated with an equal weight 
of a mixture of 2 pts. hydrochloric acid and 1 pt. water, 30’2 per cent, remains unde- 
composed, consisting mainly of augite containing a large proportion of iron. The 
hauyne amoiuits to 22 per cent. (Rammclsberg, Jahresb. 1860, p. 807.) 

Bja.’ramrZTS. Yellowish chabasite, from Jones’s Falls, Maryland, (l^e Ciiabasitb. ) 


BATBSMB. (Syn. with Bouocalcitb.) 

BA.TT011ZTB. Pseudoniorphous quartz, from the mine of magnetic iron at Hay 
Tor, in Devonshire. It has the form of datliolito, and contains 98‘6 per cent, silica 
and 0-2 ferric oxide. 

BaA.T. The word Heat is used in common lan^age, both as the name of a 
particular kind of sensation, and to denote that condition of matter in which it is 
capable of producing this sensation in us. Any influence whereV^y external objects 
are irendered hot^ or capable of exciting the sensation of beat, causes them at the same 
time to undergo other changes, which, being independent of the varying condition of 
our bodies, afford much more certain and more exact indications as to the condition of 
heat than is furnished by the sense of touch. Indeed, strictly speaking, our sensations 
bear no direct testimony with regard to the absolute degree of hotness of external 
objects, but rather to the fact of their imparting heat to our bodies, or removing heat 
from them. When these effects are produced in a moderate degree, we experience the 
sensations of heat and cold respectively ; when the loss or gain of heat by our bodies 
is more rapid, it no longer produces any sensation to which a definite name can be 
assigned, but simply a feeling of pain ; and the very rapid passage of heat either i nto 
or out of our bodies, causes a wound which is of the same kind in either case. The 
direct evidence of our senses with respect to the heat of external objects is therefore 
confined within comparatively narrow limits. Moreover, it is not always of the same 
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the circumstances, evaporation ceases when the vapour exerts a certain pressure upon 
the sides of the containing vessel. The laws of evaporation ^e, therefore, most easily 
arrived at by studying, in the first instance, the phenomena of the formation of vapour 
in a vacuum, in which case the pressure exerted by the vapour itself is the only one to 
which the sides of the-vessel are exposed. 

If a glass tube, closed at one end. about a yard long and three-quarters of an inch 
wide, is filled with mercury and inverted in a basin of that liquid, as shown in;^. 539, 
a vacuous space, about six inches in length, is formed at the top of the tube. On 
now passing up a drop or two of ether or alcohol into this space, the liquid will imme* 
diately evaporate, so that the surface of the mercury and of the tube will remain dry, 
but the mercury column will be depressed by the elastic force of the vapour which has 
been formed. The amount of this elastic force, or of the pressure which the vapour 
exerts upon the sides of the tube and upon the top of the column of mercury, is evi- 
dently measured by the ditference between the height of this column and that of the 
barometer at the time of the experiment. On transferring the tube in this condition 
to a mercury-trough provided with a deep cylindrical well {fig. 540), and depressing 
it slightly, the space occupied by the A'apour above the mercury will be diminished ; 
the tension of the vapour will therefore increase, and the mercury column AC will be 
still further depressed. But on continuing to diminish in this way the volume of the 
vapour, a point will soon be reached at which part of it returns to the liquid state and 
condenses as a dew upon the inside of the tube and on the mercury ; and if the height 
of the column A C be measured, as soon as the first trace of condensed liquid becomes 
visible, it will be found to remain the same until the tube has been depressed so far 
that the whole of the vapour has been converted into liquid, 
and the tube becomes filled with mercury, surmounted by a 
drop of liquid ether or alcohol. The progress of the experi- 
ment in this stage will bo easily understood from 541, 
where C D represents the tube when the liquid first begins 
to appear in the space above the mercury, and A B the level 
of the mercury in the tube above that in the trough. As 
the tube is depressed successively to the positions Cj Dj, and 
C .2 Da, more and more of the vapour is liquefied, but the re- 
maining portion exerts neither more nor less pressure than 
the quantity which existed in the tube at the instant when 
liquefaction first began to* take place ; and hence the sur- 
face of the mercury remains immovably at the level AB. 
Again, if the tube is raised up out of the mercury, the top of 
the mercury column will still remain at the level AB, until 
the whole of the liquid has again evaporated into the space 
above it, but from this point it will begin to rise higher and 
higher as the tube is still further raised; if, however, when 
the tube has attained its highest position (so that the open 
end is only just covered by the mercury in the trough), an additional quantity of ether 
or alcohol is passed up into it, the column of mercury will sink ; and if the quantity of 
liquid passed up is more than can evaporate in the portion of the tube unoccupied by 
the mercury, the surface of the latter will sink again to the level AB {fig. 641). 

Tliese exper^ents prove tliat when a vapour is compressed, its temperature remain- 
ing always the same, its elastic force increases up to a certain limit which it cannot 
exceed, th« effect of any further compression being to change it to a liquid ; and that 
when a vapour is in contact with any portion of tlie corresponding, h^id, in a space 
otherwise vacuous, its elastic force always attains thiff limit, w b[g|ll|^ may be the 
relative volumes of vapour and liquid. In this condition, a vapour Spd to besatu- 
ratetljl oif to exert its max iinum tension. , 

MtUffimUm Tension . — The maximum tension which the vapour of liquid can exert 
depotti^ upon the nature of the liquid, and upon its temperature. 

if we pass up into the first of three barometric tubes, like that represented in 
fig. 539, a small quantity of ether, into the second some alcohol, and into the third 
some water, taking a larger quantity of each liquid than can evaporate completely 
within the tube, the mercury column will be depressed to a different level in each, 
supposing all throe to have the same temperature. If, for instance, the temperature is 
10° C., the mercury will be depressed about ll4 inches in the first tube, nearly 1 inch 
in the second tube, and a little more than J inch in the third. 

If the three tubes are now gradually heated, by surrounding them with warm water or 
tlherwise, more vapour will be formed frem the liquid contained in each of them; the elastic 
forc6 or tension of each vapour will accordingly increase, and the mercury will d^cend 
lower and lower in tlie tunes as tha^emperature rises. At about 35°, the tension ^ 
the ether-vapour will have become equal to that of the atmosphere, and hence at this. 


Fig. 541. 
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lund| eveB with respect to bodies in the same condition, as is easily moved by putting 
one hand into hot water and the other into cold water, and after a short time remov- 
ing both and plunging them into lukewartn water, which will then feel cold to the hand 
i^ich was previously in hot water, but warm to the other. ^ 

The most important of the other properties of the condition of mattM constituting 
heat, besides producing the sensation denoted by the same word, are the following : 

1. Heat imparted to any body raises its temperature^ that is, it not only causes the 
body to produce the sensation of heat in a more marked degree, but its tendency to 
impart the property of so doing — in other words, its tendency to impart heat— to other 
boaies is increased. 

■ 2. It modiAes the relations between the density and elasticity of substances, the 
general law being, that the hotter a body is, the less is its elasticity ofji^ure^ or tend- 
ency to preserve a definite form and arrangement of parts, and the greater is its elasticity 
of volimSf or tendency, if solid or liquid, to preserve a definite volume, and if gaseous 
to expand indefinitely. 

3. Heat causes solid bodies to become liquid, and liquid bodies to become g^eous. 
The amount of heat r^uired to produce these changes in any body varies with its 
special nature and with other circumstances, but they take place always and without 
exception, in the same order ; that is, the solid st^te always corresponds to the lowest 
degree of heat, the gaseous state to the highest degree, and the liquid state to an 
Intermediate degree. 

4. Heat causes changes in the chemical composition of bodies, and also in their 
electrical, magnetic, and optical properties. 

The capacity of heat thus to effect changes characterises it as a form of energy, 
capable of being measured and expressed as a quantity, in terms of one or other of the 
directly measurable effects which it produces. When thus expressed as a quantity, 
the condition of heat is found to be subject, like other forms of energy (mechanical 
energy, for example), to a law of conservation ; that is, if in any system of bodies, 
no heat is expended or produced through changes other than changes of temperature, 
then the total quantity of heat in the system cannot be changed by the mutual actions 
of the bodies, but what one loses another gains ; and if there are changes other than 
changes of temperature, then if by those changes the total heat of the system is changed 
in amount, that change is compensated exactly by an opposite change in some other form 
of energy, (See Bankine, A Manual of the Steam Engine and other Frime Movers^ 
ed. 1861, § 196, pp. 224, 226.) 

Hence it follows that heat may be produced by the reversal of its effects : as, for 
instance, by the conversion of a liquid body into a solid, or of a gas into a liquid ; by 
the compression of a gas, so as to make it occupy a smaller bulk ; b^ the transmission, 
through the point of junction of two dissimilar metals, of an electric current opposite 
in direction to that which would bo produced by the application of beat at the same 
point ; by the union of oxygen and hydrogen so as to form water, the effect of heat 
upon water being to resolve it into oxygen and hydrogen gases, &c. &c. 

Similarly, heat may be caused to disappear— in other words, cold maybe produced — 
when a change, such as heat is capable of producing, is brought about by other means : 
us when a solid is liquefied by solution, or when a liquid is vaporised ; when a gas is 
expanded ; when, through the point of junction of two dissimilar metals, an el^tric 
current is transmitted in the same direction as that which would be produced by the 
application of heat at the same pointy &c. &c. 

The reversal of any of its effects does not, however, necessarily and under all cir- 
cumstances, cause heat to be produced : instead of it an equivalent of some other form of 
energy may be generated; thus, in Grove’s gas-battery (ELECTHicrry, ii. 4.30) the primary 
result of the combination of oxygen and hydrogen gases is notjiie evolution of the 
quantity of heat which would be required to decompose the wat^OBrmed, but of an 
equivalent amount of electrical energy. Neither is the disappeaif^B^ of heat always 
a necessary consequence of the production, by other means, of cli^liiges such as might 
be brought about by the action of heat itself ; for example, in the decomposition of 
water by the electric current, there is no disappearance of heat, but there is expended 
an amount of ele^rical energy, equivalent to tlie heat which would otherwise have 
been required to effect the same decomposition. Further, the most familiar and most 
pn^cally important processes by which heat is produced, such as combustion, friction, 
and peKussion, are not such as can be directly reversed by the action of heat, 

On the other hand, heat being a form of energy, every source or store of energy 
ma^ be considered as, directly or indirectly, a source of heat. The sources of heat 
available to man may therefore be classified as follows: 

^ 1. The According to Pouillet> the total heating effect of the sun’s rays fall- 

ing pe^umcularly during 1 minute upon one square centimetre of the earth’s surface, 
including the portion absorbed by the atmo.sphere, amounts to 17633 times the qoan* 
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temperatiire, the mercuiy in the tube containing it will hare been driren down so as to 
be at the same level as that in the reservoir ; at about 78*6® the same will be the case 
with the mercury in the alcohol- tube ; and at about 100° with that contained in the 
water- tube. 

When a saturated vapour is cooled, the pre8.sure upon it remaining unaltered, com- 
plete liquefaction takes place, just as it does when the pressure is increased and the 
temperature remains the same. The condition of saturation, or maximum tension, is 
therefore a limiting condition, beyond which a vapour can neither be compressed nor 
cooled without returning to the sttite of liquid. 

On the other hand, when a saturakMl vapour not in contact with an excess of 
liquid is heated, it ceases to be saturated (unless the pressure upon it is increased at 
the same time to a corresponding extent). Hence, when a further quantity of liquid is 
brought in contact with a vapour which has been thus heated, more vapour is formed in 
the same space, until saturation is again produced, and the tension increases at the same 
time till it reaches the maximum tension corresponding to the liigher temperature.’ 

Distinction between Vapours and Gases. — It has been already stated, that when the 
space into which a liquid can evaporate is increased until the wholo quantity of liquid 
luus become vapour, the tension of the vapour diminishes with any further incroaso 
of volume; and that when a vapour, not in contact with tlie liquid from which it is 
formed, is compressed, its tension augments until liquefaction begins. In proportion 
as a vapour under these conditions is expanded, its tension becomes more and more 
nearly inversely proportional to the volume which it occupies ; that is, its properties 
approach more and more nearly to those of a perfect gas. Similarly, when a saturated 
vapour, not in contact with an excess of liquid, is heated, its elastic force increases, 
and it expands if the pressure upon it is not proportionably augmented ; and as the 
temperature rises, the relation between the tension or clastic force, p, of the vapour, 
its volume, v, and its temperature, i, comes to be more and more nearly expressed by 
the equation 

pv J (a -i- t) ; 

which, as we have already seen (p. 45), expresses the relation between these three 
quantities in the case of a perfect gas (see also p. 60). 

Hence the physical properties of vapours, when sufficiently expanded, and at suffi- 
ciently high temperatures, are idenlical with those of the permanent gases. 

From this it is natural to conclude, conversely, that the so-called permanent gases 
themselves are only vapours which, at ordinary pressures and temperatures, are very 
far removed from their points of saturation, and that by exposing them to lower tem- 
IxTatnres and increasing the pressure, a point might be reached for each of them, at which 
the pressure would be equal to the maximum tension which it was capable of exerting at 
the temperature of the experiment, and therefore, that any further diminution of tem- 
perature or increase of pressure would cause it to become liquid. This conclusion has 
been actually verified in the case of many gjises formerly regarded as permanent, the 
only ga.ses which have hitherto resisted all attempts to liquefy them being hydrogen, 
oxygen, nitrogen, nitric oxide, carbonic oxide and marsh-gas. (The methods em- 
ployed for the liquefaction of gases will be further considered in connection with the 
processes adopted for obtaining great reductions of temperature.) ^ 

Tension of Vapours in presence of Permanent Gases. — The familiaj:' fact of the 
evaporation of water in the open air affords sufficient proof that the piwsenco of a per- 
manent gas in any given space does not prevent volatile liquids giving off vapour into 
the same space. By measuring the volume and elastic force of a given quantity of dry 
air, or other gas, then introducing a little more of any liquid than can completely 
evaporate in it, ^d when equilibrium has been re-established, again measuring the 
volume and elastie force of the mixture of gas and vapour, the tension of tlie latimr can 
be ascertained. In this way it has been found that, when the liquid exerlfei |^ 
or chemical action upon the gas, the combined tension of gas and vapour is nea*^«qtial to 
the separate tension of the gas, increased by the maximum tension which th^Vapour 
IS capable of exerting in an otherwise vacu^ius space at tlie temperature of the experi- 
ment. In other words, the vapour given off by a liquid at any temjierature has nearly 
the same maximum tension, whether it is formed in a space previously vacuous or filled 
with a permanent gas. The only essential difference between the evaporation of a 
Itquid in a vacuum, and its evaporation in a gas, is that, in the former case, the vapour 
attains the condition of saturation in an inappreciably short time, while in the latter, 
Jms condition is arrived at more slowly. Regnault’s experiments (M^m. Acad. 
Sciences, xxvi.) prove, however, that liqui^ls do not give off vapour of quite so great a 
tension in a space occupied by a permanent gas, as they do in a vacuum, and that the 
difference increases as the temperature rises. 

Boiling Points.^ Ebullition. —From the fkctiliUted in the last paragraph, it follows 

o 2 



MEASBREMEKI? OF HEAT. 17 


tily of heat reqtured to raise the telnperatoro of Igrm. of water 1 degree centigrade, 
or to 1'7633 gramme-degrees. The mean heating effect on each square centimetre of 
the earth’s am^ace, for every minute during 24 hours, is therefore 0 4408 gramme- 
degree ; or the total effect during one year is 232,000 gramme-degrees.* According 
to these data, the whole quantity of heat received by the earth the sun in one 
year would be sufficient to melt a layer of ico over the whole surface of the earth of 
32 metres (or 36 yards) in thickness. The whole of this supply of heat (which is less thva 
the 2,300 millionth part of the total heat emitted by the sun) is not, however, directly 
available as such. According to Pouillet, nearly one-half is absorbed by the atmo- 
sphere, and of the heat so absorbed a considerable proportion goes to supply the 
mechanical energy of air in motion, or wind, and thus ceases, at least for a time, to 
exist as heat. Another portion is expended in causing the evaporation of water from 
the ocean and from the moist surface of the land : as will bo shown in the sequel, a 
great part of this heat reappears when tho evaporated water is returned to the earth 
as rain or otherwise : but the remainder is retained in a modified form in water which 
is deposited at a higher level than that from which it was evaporated, and so furnishes 
the mechanical energy, or water-power, of rivers and falling water. Still another 
portion of the total energy of the sun’s rays is absorbed by growing plants, enabling 
them to convert carbonic acid and water into woody fibre : our ordinary modes of 
obtaining artificial heat — namely, by the combustion of wood and coal — arc processes 
in which the heat thus absorbed is liberated by tho reversal of tho chemical changes 
which take place in plants while living. The warmth and mochanical foi*co of animals 
are also derived, through the vegetable food which they consume, from tho same source, 
whence are likewise derived, directly or indirectly, our chief supplies of electrical ener^. 

2. The internal heat of the earth. This we may consider as of two kinds: the 
actual heat, of which there is evidence in hot springs and volcanoes, as well as in ths » 
comparatively high temperature of deep mines; and tho potential heat stored up in 
combostible minerals. By far the most important store of potential heat, namely, coal, 
represents, os we have already seen, a jxirtion of tho energy of the sun’s rays which 
reached the earth during the growth of tho plants from whicn it has been formed. 

3. The tidal fwzvc, caused by the earth’s diurnal rotation, combined with the mutual 
motions of the earth, moon, and sun, is a source of heat which might bo rendered 
practically available, by causing water-wheels, driven by tho tidal waters, to generate 
neat ^ friction. 

4. The fall of meteoric stones is a source of heat, practically insignificant, so far as ■ 
the earth is concerned, but which has been supposed to play an important part in the 
maintenance of the heat of the sun. 

(On the possible sources of energy available to man, see W. Thomson, Phil Mag. 

[ 4 ] iv. 259.) 

On thb Msasubembnt of Heat. 

Before we can proceed ftirthor in the study of the properties and effects of heat, it is 
necessary that we should have some means of measuring and comparing different 
quantities of it. As already stated, quantities of heat may be expressed in terms of 
any of its directly measurable effects; but that one which is usually tho most easily 
and accurately observable is alteration of temperature, and hence quantities of heat 
are commonly defined by stating the. extent to which they are capable of altering the 
temperature of a known weight (such as 1 grm.) of a known substance (for instance, 
water^ Accordingly, the unit of heat which will be employwl in this article is tho 
quantity, already spoken of as a gramme-degree, which is retired to raise tho 
temperature of 1 gramme of water from 0^ to 1® centigm<le. Heat is, however, 
cafMble of causing other alterations in the condition of bodies, such as the limio- 
fiiction of solid substances, without at the same time causing any alteration in their 
temperature; hence, another way in which a quantity of heat ma^ be defined is 
by stating the amount of some known solid (i^, for example) which it is capable 
of liquefying, without causing any change in its temperature. Quantities of hwt 
can also be expressed in terms of tho mechaificol or electrical energy to which 
*hev are equivalent; but as neither motion nor electricity can be generated by heat 
wiUiout the simultaneons expenditure of a greater or less quantity in causing a rise of 


• The total qaantitj of boat recoired io a tnlnuio by a hemltphore of the «iTth'» surface Js the sama 
as that which weald fisl) on the great cirrie forming the projection of that hemisphere — that Is to ssjr, 
r76S3 «r1t* fratnme-degrees (the radius being measured In centimetres). Hence, supposing the bert 
to be unifortnly distributed over this surface, the quantity rcccired in a minute by each square eeoti* 
metre of surface la 

a 0*4408 gramme'degrees; 

^ at Uie earth performs Itl rotation In ?4 hours and the year contains dsys. It follows th^ 
the mean aaaottnt of beat iwoeired In a year by each square emtimetre of the OArths surface is 
04im X 60 X M X 966, or In round numbers, 232,000 gramme-Oefrees. 
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that the temperature at which the vapour of a liquid 

vacuum wouW exert sufficient elastic force to drive the mercury down to the bottom of 
the tube, so as to make it stand at the same level inside and outside, is also the tem- 
perature at which the vapour formed on heating the liquid in the air would 
dastic force equal to the atmospheric pressure. already stated, the flret of these 
effects is produced by ether- vapour at 35®, by alcohol at 78*6 , and by water at 100 , 
these tem^tures, however, are those at which the liquids respectively boil when heated 
in the open air, the barometer being at its average height The boiling point of a 
liquid is, therefore, the temperature at which the tension of its vapour becomes equal to 
the atmospheric pressure. This temperature is evidently not absolutely constant for each 
liquid but varies more or less with alterations of the pressure of the atmosphere. A 
liquid at its boiling point is in a limiting condition, comparable to that of a saturated 
vapour* any diminution of pressure or increase of temperature equally causes it to 
pass from the liquid to the vaporous state. The two conditions are in fact conter- 
minous; and the temperature at which a liquid produces vapour of any given maxi- 
mum tension, is also the temperature at which the liquid would boil under an atmo- 
spheric pressure equal to that tension. Hence the observation of the pressures under 
which a liquid boils at various temperatures constitutes a method of determining the 
maximum tension of its vapour at those temperatures. ^ -i v 

The phenomenon cf ebullition, which presents itself when heat is applied to the 
lower part of a mass of liquid, already at such a temperature that the tension of its 
vapour is equal to the pressure of the atmosphere, results from the transformation of 
the liquid into vapour at the points where the heat is applied, and the escape of this 
vapour in the form of bubbles through the superincumbent liquid. 

The temperatures at which different liquids boil, under the ordinary atmo- 
spheric pressure, vary very greatly. They will be found ^ven for each liquid in the 
article of this dictionary wherein it is specially described ; in the following table a lew 
boiling j)oints are given in order to illustrate the range of temperature through which 
they occur. 

Table of Boiling Points. 


I.iquld. 


Nitrous oxide . 
Carbonic anhydride 
Ammonia . . ^ 

Sulphurous anhydride 
Chloride of ethyl 
Oxide of ethylene 
Aldehyde . 

Ether 

Sulphide of carbon 
Methylic alcohol 
Bromine . 

Alcohol 
Benzene . 

Water 
Acetic acid 
Cymene . 
I^aphthalene 
Phosphorus 
Oil 01 vitriol 
Mercury . 

Sulphur 

Cadmium . 

Zinc . 


Boiling Point. 


- 87-90 
-78-2 
-33*7 
-10-5 
+ 11-0 
18-5 
19*8 
34*2 
47-9 
61*0 
630 
78-4 
80*4 
100*0 
116*9 
177-6 
216*8 
290 
326 
360 

440 

860 

1040 


Pressure in rnillimolres 
of mercury. 


759 
767 3 
749-3 
744 
758 

746- 5 
734 
742 
756*8 
754 

760 
760 
752 
760 
760 
744 

747- 6 


Authority. 


Regnault 

» 

Bunsen 

>» 

Pierre 

Wurtz 

Kopp 

Pierre 

Helffs 

Pierre 

Gay-Lussac 

Kopp 




Pelletier 


Kegnanlt 
Dumas ; DeviUe 
) and Troost 
Deville and Troostl 


Determination of Boiling Points . — The boiling points of different liquids being among 
their most characteristic properties, the determination of them becomes a very frequent 
and important operation iii chemical research. The method recommended by Kopp, in 
order to ensure as much accuracy as possible in these observations, is as follows : ■ 

The liquid to be examined is placed in a cylindrical glass vessel, containing a few 
■craps of freshly ignited phitinura foil, the diameter of which, when the quantity of bouid 
is small, need not much exceed that of the bulb of the thermometer. This vessel is 
closed by a cork, through the centre of which the thermometer is inserted, in such a 
way that it can be raised or lowered, so that the bulb may dip either into the liquid or 
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temperature in material snbstatices, and sinoe, therefore, the whole of a given quantity 
can never be transformed without loss into these other forms of ener^, they cannot 
serve for the direct measurement of heat. And in fact, whatever mode of measurement 
is adopted, it is always necessary to take account of the temperature of the bodies 
whose heat is to be estimated, and of those which are influenced by them, in oi^er 
that we may know the extent to which their temperature is altered; or on the other 
l^d, that we may convince ourselves that no such alterafion takes place. The mea- 
wroment of temperature, or ikerrr^xynietry^ is therefore a necessary preliminary to the 
measurement of heat, or calorimetry, 

Ttiermometry. — Temperature, or hotness, has already been defined as the tendency 
of one portion of matter to part with heat to other portions, and has been stated to 
depend on the quantity of heat which the portion of matter in question contains. For 
the purpose of defining different temperatures, it is obviously necessary to adopt two 
standard points, separated by a known and constant interval, which may serve as a 
measure by which to estimate the interval between any other two temperatures. The 
standard points usually adopted are the temperature of melting ice, and the tem- 
perature of pure water boiling freely under a barometric pressure of 760 millimetres 
( — 29-92 inches) of mercury (measured at the melting point of ice). When a quan- 
tity of mercury is allowed to attain equilibrium of temperature with melting ice, and 
afterwards with water boiling under the conditions above mentioned, it is found that 
its bulk in tlie latter case always exceeds its bulk in the former case by a certain constant 
amount. The expansion of the mercury is here a measure of the quantity of heat 
which the boiling water imparted to it after it had come to such a condition that an 
interchange of heat no longer took place between it aad the melting ice ; and since, as 
already observed, the mercury always expands by the same proportion of its bulk at the 
temperature of melting ice, we may conclude that the quantity of heat which boiling 
water can impart to a given mass of matter, exceeds that which melting ice can impart 
to the same mass, by a constant proportion ; in other words, that the temperature of 
boiling water is higher than the temperature of melting ice, and that the interval which 
separates tliem is always the same. 

It is upon this principle that the use of the mercurial thermometer, and of other 
instruments in which expansion is employed to indicate temperature, depends. The 
construction and use of this instrument in its various forms are fully described in the 
article Thkrmometer, to which the reader is referred. It will be sufficient here to 
state, that there are in frequent use tliree different modes of designating the two 
standard points of temperature, and of subdividing the interval between them: namely, 
the ceniiyrade scale of Celsius employed in this l)ictionary, iu which the temperature 
of melting ice is denoted by zero, and the temperature of boiling water by 100; 
Reaumur’s seaJo, in which the temperature of melting ice is likewise denoted by 
zero, but that of boiling water by 80 ; and Fahrenheit's scale, in which the former 
temperature is marked 32, and the latter 212. The molting point of ice is therefore 
indicated by any of the following expressions ; — 

0°C., OOR., and Z2°F.; 
and the boiling point of water by any of the following: — 
lOQO C., 80® B., and 212® P. ; 


acco^ingly, 1 00 degrees centigrade are equivalent to 80 degrees R^umnr, and to 180 
V** ^ degrees F^renheit, or 6 degrees C. »» 4 degrees B. * 9 degrees F, The 

simplicity of these relations makes it easy, when a temperature is expressed according 
to any of the three scales, to find an equivalent expression according to either of the 
ot^r two. (See further the article THSRMOMfiTBR.) x 

Besides the mercuri^ thermometer, and the spirit thermometer, is quite mmiliyi * 
to it in pnnciple and in the manner in which it is used, there aMHiKe atinet instru- 
ments, which ara advantageously enmioyed in special cases, for the measurement of 
tempeif^u^ and must therefore bneny described here. 

The neight-iher^j^ter , — Thill upa mercurial thermometer which diffhn from the 
common one, inasi^ch m the expansion of the meropry consequent upon rise of tem- 
perature 18 not raad off directly from a divid^ scale, but is calculated from the weight 
of mercury which escapes from the instrument. It consists of a cylindrical glass reSr- 
voir, closed at one end, and terminated at the other by a short capillaiy glass tube 
which is so bent that, when the thermometer is placed in the position in whmh it is to 
^ used, Its open end points verti^ly downwards. The mode of using it is as follows : 

and the reservoir and tube are then com- 
^th pi^ mercury, the whole of the air being carafoUy expelled by boiling, 
Md altowmg the instrument to cool while the open end of thefoapmary tube dips undw 
toe surface of mercury, as in the usual process of filling a barometer or thermometer. 
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merely into the raponr. It is generally advisable to give the thermometer the latter 
position, since, as will be seen by what follows, the temperature of the liquid may, 
under circumstances which not unfrequently occur, rise somewhat above the tru® 
boiling point; but even when this is the case, a thermometer in the vapour will show 
the real boiling point of the liquid: under nearly all circumstances, the thermometer will 
the vapour than it does in the liquid, if this is a mixture of two or more 


stand lower in 

licjuids of different boiling points instead of a pure, homo- 
geneous substance. Through a second hole in the cork is 
inserted a glass tube, oj>en at both ends, and bent at a right 
angle, as shown in fy. 642 ; by connecting this tube with a 
condenser, the loss of the liquid used for the experiment can 
be prevented. The liquid is heated either by applying a 
small dame to the outside of tlie vessel, or by means of a 
water-bath or sand-bath, care being taken that the siiles of tho 
vcNsel above the liquid do not got over-heated. The indications 
of the thermometer are observed during the whole time that 
the liquid is being slowly boiled away, until only a small quan- 
tity remains. The temperature .thus observed is not, how- 
ever, in most cases, the true boiling point of the liquid: usually, 
j.art of the mercury column in the thermometer lises above 
the cork, and is therefore exposed to a lower temperature than 
that of the boiling liquid; consequently, tho upper t'xfremity 
of the column stands at a lower point than it would do if tho 
thermometer wore completely immersed in tho liquid. In 
order to find the correction which it thus becomes necessary 
to apply, a second thermometer is placed so that its bulb is in 
contact with tho stem of tho thermometer inserted into tho 
cork of the boiling vessel, and is half way bedween tho top of 
the mercury column of tlie latter thermom<-ter and the middle 


FUj. 642. 




of tlie cork. '1 he temperature indicated by this second tlxTmometer may be taken 
as the mean temperature of that portion of the mercury column of tho principal ther- 
iiiornetor whicli is not heated by tho vapour of the boiling liipiid. Let this temperature 
be ; let tho uiieorrected Ijoiliiig point, directly indicated by the princripal thormometer, 
be V'o ; let N ho. the diflft^reiico between Tund tho point of tho scale situated at tho 
middle of the cork, that is to say, the length, expressed in degrees of tho scale, of that 
p<<rtion of tho mercury column of tho principal tlionnomeler of which the mean leni- 
juTiiture is ; lastly, lot 5 bo the coefiBcient of apparent expansion of m'ereury in the 
^dass of which the thormometer is constructed. The correction to be ariplied to tho 
directly observed temperature T° is tlieii 


A> .already stated (p. 67), 5 may always be taken, in calculating tho value of this 
c.xprehMon, as = 0-0001646. 

1 he table which follows on p. 8G give.s the amounts of the correction in question for 
vanou.s values of A’ and of 7’— ^ The amounts corresponding to other values of these 
tacturs can be easily deduced by interpolation from the numbers given in the table. 

1 his table sufficiently shows that the correction in question can never be neglectc“d in 
lueurale ex|)erimeiits, and that in the case of liquids of high boiling points, its vhIuo 
may become veiy considerable.* 

Since tho boiling point of a liquid depends on the pressure to whieli tho liquid is 
subjected, another correction becomes necessary in or<ler to reduce detenu illations 
made under the varying pressure of the atmospliere, to the values which would be 
tuund if the atinosphero exerted always its normal pressure, equal to tliat of 7C() 
millimetres of men-ury at 0*^. Strictly speaking, the correction to be applied to the 
i>oiliiig jxunt of a liquid observed under an atmospheric pressure differing by a given 
amount from the above standard pressure, varies with the nature of the liquid ; since 
eipial alterations of pressure do not cause precisely (‘qual changes in tho lioiliiig points 

< 1 erent liquids. Nevertheless, the greatest variations which ever occur in the 
pr( s.sure of the atmosphere are relatively so small, that they may, without any appre- 
ciable error, be regarded as affecting tho boiling points of all liquids equally: to the 
i? ^ ? ^ vuriatiou of pressure of 2-7 millimetres of mercury, this 

1 nutter toeing deduced from direct determinations of the boiling rsjini of water under 
aitterent pre.ssures. 

e»r r follows, whenever the boiling point of a liquid is spoken of without further 

M. » uuderstood to mean the boiling point under a pressure equal to 

mat of 760 millimetres of mercury at 0^^. ' 


<n »h\ch •irolUr corr*>ctimi ought to he *ppHrd to all therm'^metrlc ob»erTatloni 

that io the mcrcur/ to the item of the thermometer is at a different temperature from 
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By sniTOimdix^ the thermometer with melting ice, the inetrament itself, as well as the 
mercnry oontained in it, is brought to the temperature of 0® C. : when this temperature 
has been reached by ereiy part of it, the vessel of mercury is removed from under the 
open end of the capillary tube, and is replaced by a small tared capsule. The ice is 
now removed, and the outside of the thermometer is carefully dried. As the mercuiy 
contained in it returns to the temperature of the air (supposed above 0® C,), it expands, 
and, consequently, some of it escapes by the capillary tube into the tared capsule, ^e 
thermometer, and the capsule containing the mercury which has escaped from it, ifie 
now placed together in the balance and weighed ; by deducting from the gross weight 
80 obtained the weight of the instrument when empty, and that of the capsule, wo 
obtain the weight IT, of the quantity of mercuiy which fills the thermometer at 0® 0. 

The instrument is next heated to 100® C., by immersing it in the steam of boiling 
water, the same precautions being taken as in fixing the boiling point of the ordinary 
graduated thmunometer (see Thermometer), and the mercury whicti escajies is collected 
in the tared capsule and weighed. Let w be the weight of the whole quantity of mer- 
cury which escapes from the thermometer when it is heated from 0® C. to 100® C. ; 
then the coefficient of apparent expansion (see below, Expansion of Liquids) of the 
mercuiy contained in the thermometer will be 


* ~ ( ff -- «;)100 

Similarly, if »t be the weight of mercury which escapes from the thermometer when it 
is heated to any other temperature, which it is required to determine, we have 


hence we get 


9 ^ — J2_. 


(*) 


Wt _ 




ir- 


X 100 


The value of 8, deduciblo from equation (a), was found bv Dulong and Petit (who were 
the first to employ the weight-thermometer) to be equal to 575^1,77, and by substituting 
this value in equation (A) the value of t is given independently of the preliminary 
experiment above described, in which the thermometer is heated to 100® C. ; but some 
uncertainty is thus introduced into the determination, inasmuch as tlio value of 8 varies 
to a slight extent with the kind of glass of which the thermometer is made. 

The weight-thermometer is capaijlo of giving very accurate results when employed 
to indicate the mean temperature of any considerable space, such as an oil- or water- 
batli, the temperature of which changes so slowly that it may be assumed, at any given 
instant, to be the same as that of the thermometer. The size of the instrument 


depends upon the purpose for which it is to be employed : it is well that it should be 
of such a length as to reach from one end to the other of the space whose temperature 
has to be measured, and its capacity ought to bo such that I lie weight of mercury 
driven out by the smallest rise of temperature which it is required to estijnate may be 
capable of being accurately determined by tho balance. An obvious precaution in the 
use of this instrument is to keep the open end constantly under the surface of the 
mercury in the capsule, so that no air can enter in consequence of a diminution of 
temperature. 

Regnault’s Air-thtrmometer is an instrument which is applicable in the same kind 
of cases as the weight-thermometer, but has the advantage of giving accurate results 
at ^ temperatures below that at which glass softens, whereas the indications of the 
weight-thermometer are obviowily confined to temperatures below the boiling-|wiiit of 
memiy. In' construction, it closely resembles the latter instrument, and oonsiats of a 
cylindrical glass reservoir about 2 centimetres (4)’8 inch) in diameter and about 12 or 
1 6 centimetres (4*8 or 6 inches) long, terminate ahipne and by a narrow glass tube of 
1 or 2 millimetres internal diameter, which is bsMt at a right anglc^ at a short distance 
from the end farthest from the l^ervoir, and drawn out to a fine point. In this state, 
the instniment b placed in the space of which it is desired to know the temperature ; 
Aud as soon as the instant arrives for which this temperature is required, the drawn- 
out point is sealed by fusion with the blowpipe, the height of the barometer and its 
attached thermometer (L 512) being observed at the same time. The thermometer 
thus closed is then supported in a vertical position, the narrow tube downwards, and 
with the bent and sealed extremity of the latter under the surface of mercniy ; it is 
nert opened by breaking off, under the mercury, as small a piece as possible of the 
point ; the reservoir is completely surrounded with melting ice. Owing to the 
contraction of die air in the thermometer as it cools, the mercniy rises in the tube and 

c 2 


















so 


HEAT. 


«,ot®nts !»“•>““ the instrument, is measuiS b, 1 
reservoir, above v^inff caroftilly noted at the same time. The 

cathetometer.^e hmght of^ still under mercury, by pressing against it 

open end of ^ube IS M reservoir; and the instrument is taken 

‘sX Svr.s^is'.s.'i 

0m weighing. These 1^0 the vcdLe oJupiZst 0- C. 

a'^din^niie ato^phi-^rassure diminished by the column of merouiy o^ ^7 
thocathetometar— by the air which the thermometer contained at the moment '^en 
it was sealed with the blowpipe. They may therefore be taken to represent respectively 
these volumes : we shall then have 

jr(l + Kt) ^ w^{l + « 0 . 


IT- to 


H 


W~a^ Wk 


where t is tlie temperature required ; 

H, the atmospheric pressure at the moment of sealing the thermometer with the 

blowpipe ; i x j. i • 

h, the pressure supported by the air m the thermometer at the moment of closing 
’ it wvth the pellet of wax — the barometric pressure observed at the same moment 
— the column of mercury read oflF with the cathetometer ; 

Op the coefficient of expansion of air for 1° 0, =- 0*00366 ; 

If, the coefficient of cubical expansion of the glass of which the thermometer is 
’mode - 0*0000305, between 0^ and 200® C., for common glass, and = 0*0000233 
for crystal-glass from Choisy-le-Roi. (Regnault.) 


(For the derivation of the above formula, see the section Expansion of Gases 
in this article; for further details of the air- thermometer, see Regnault, Coura 
kUmentaire de Chimie, kd. 1854, iv. 64.) 

Deville and Troost’s Iodine-pyrometer . — For the measurement of temperatures 
above that at which glass softens, Deville and Troost employ a method which depends 
on essentially the same principles as the use of the air-thermometer, althougn the 
mode of experimenting differs considerably. Their apparatus consists of a globular 
flask of Bayeux porcelain of 280 or 300 c.c. capacity, with a neck 11 centimetres long 
and 4 mm. in internal diameter. A quantity of iodine is put into the flask, and the neck 
is nearly closed by a small plug of porcelain which lies loosely in the opening. When 
the flask is now exposed to a hi^h temperature, the iodine is vaj^rised and the 
greater part escapes by the neck, driving out at the same time nearly the whole of the 
air. After the flask has been exposed for about twenty minutes to the temperature 
that is to be measured, the flame of an oxy-hydrogen blowpipe is allowed to 
play for an instant upon the porcelain plug lying in the neck : the plug is thus 
melted and closes the flask hermetically. When cold, the flask is cleah^ and care- 
fully weighed ; the end of the neck is broken under boiled water or ^ M Tcnry. and the 
flask is weighed, together with the water or mercury which enters ; it ^Bhen completely 
filled with water or mercury and weighed again ; lastly, the flaatt^^w Weighed when 
emp^. From the weights thus obtained it is easy to calculate the capacity of the 
fla», and the volume of air svhich the iodine-vapour has failed to expel : the first 
wetghii^ gives directly the excess of the weight of the flask and iodine-vapour ov« 
that of the empty flask. The observations which require to be made in each experi- 
ment are the following : — 


Temperature of the balance ■» < ® 

Atmospheric pressure >m h mm* 

Excess of weight of flask after being heated and sealed full of 
iodine- vapour over weight of flask filled with air previous to 

the experiment = 1 grm. 

Capacity of flask w . = ee, c. 

Besidnu air. . = ac.c. 
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Circumstanecs which modify the 2?of?% JPo/w^.— Although, when a liquid is heated 
in such a manner that vapour can escape freely from seme part of its surface, the 
vapour so formed has a tension equal to the pressui-e upon the free surface of the liquid 
as soon as the temperature of the latter reaches the boiling point, this temperature 
may nevertheless be attained, and even considerably excetded, without tlie forniation 
of a trace of vapour, if no portion of the surface of the liquid is freely exposed. 1 hese 
conditions can be reahsed by suspending the liquid to be examined ui a second liquid 

of equal specific gravity, but higher boiling point. i 

The phenomena which take place under these circumstances have been particularly 
studied by Du four (Ann. Ch. Phys. [3] Ixviii. 378). In order to examine them in 
tlie case of winter, he employed a mixture in the requisite pi-oportions ot oil of cloves 
^previously heated alone to about 200®) and linseed oil. The water, already heated 
to 80° or 90°, was dropped gently into the mixture of oils, so as not to disturb the 
film which coated the bottom of the vessel, and the temperature of the bath was 
gradually raised. Under these ciiviiin stances the ordinary boiling point of water, 100 , 
was passed without the occurrence of any perceptible change, and traces ot ebullition 
scarcely began to show themselves below 110° or llo"^. Kveii at these temperatures, 
ebullition seldom began except when the globules of water came in contact with the 
sides of the vessel or with the thermometer. A burst of vapour then occurred, and the 
globule, more or less diminished in size, was driven rapidly away, like a |)ith ball after 
touching an eleCtrifiwl conductor. These contacts were of course more difficult to avoid 
in the case of large than of small globules ; hence the latter remained liquid, Jis a rule, 

to higher temperatures than the former. 

In these experiments, it was a rare exception when ebullition oecun'ed betw een 100 
and 110°; very commonly globules of 10 mm. in diameter reached 120° or 130°, and 
in one experiment the last temperature was attained by a globule of 18 mm. dia- 
njcter, and therefore containing more than 3 c. c. of wuter. Spheres of 10 or 12 
mm. diameter often readied 140°; those of 5 or .6 mm. reached 1C6°; and others 
of from 1 to 3 mm. attained 176° or even 178°, temperatures at wliich the elastic force 
of the vapour which forms at the freely exposed surface of water is between 8 and 9 

atmospheres. n • i 

At these high temperatures, the contact of a solid body very generally occasioned 
the sudden partial or complete vaporisation of the globules, accompanied by a hissing 
sound like that produced on immersing red-hot iron in water. This invariably 
occurred when the globules were touched with pieces of wood or dialk, shreds of cotton, 
paper, &c., but not always on contact with a glass rod or metallic wire, the difterenco 
appearing to depend on the porous structure of the former substances. A platinum 
wire appeared to lose, to some extent, by frequent usage, the power of causing sudden 
vafKiri.sation. 

Sudden ebullition, amounting even to an explosion, if the temperature was above 
120°, invariably occurred on passing the discharge of a Leyden jar or induction 
coil through a globule. A similar, but less violent, effect was produced by tlie passage 
of a weak galvanic cuiTciit. These results are attributed by Du four less to the contact 
of the globules with the conducting wires, than to the disengagement of gas at the 
extremities of the latter. 

Saturated aqueous solutions of various ‘iulls — for example, chloride of sodium, sulphate 
of copper, nitrate of potassium, &c.— also remained liquid at temperatures much above 
their boiling points, when immersed in melted stearic acid resting on a layerof melted 
Hulplmr. In like manner, globules of chloroform (boiling point Cl°), suspended in a 
solution of chloride of zinc, often remained liquid up to 97° or 98° ; and globules of 
liquid sulphurous anhydride (boiling point — 10'6°) could be heated in diluted sulphuric 
acid as high as + 8°. In all these cases, the same causes that o]^)erated in the case of 
water, sufficed to occasion the sudden complete or partial conversion of the overOTiated 
gloVjules into vapour. 

These results throw important light upon the nature of ebullition, and seem to 
indicate that it is to some extent an uceidental phenomenon. In order to underetand 
them, we must remember that, the globules being surrounded on all sides by liquid, 
evaporation cannot go on at their surface in the ordinary w'ay. They are, how'ever, in 
a state of tension, or unslable equilibrium, such that a very slight cause may O('casion 
the sudden formation of vapour of more than the atmospheric tension. '1 he most 
effectual of such causes would obviously be the contact of a minute globule of air or 
other gas: this globule, however small, would be a space into which Aapoiir could be 
given off, and this vapour, having an elastic force greater Uian the pressure (that of the 
atmosphere and the upper layers cf the liquid) whereby the globule w a.s prevented from 
expanding, would force back the liquid walls of the bubble of gas, suddenly converting 
it into a large bubble of steam. Hence. the unfailing efficacy, in causing the ebullition 
of the overheated globules of liquid, of the passage of an electric current or the contact 
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Besides these data, the following constants are required in order to calculate the 
temperature at which the flask was sealed: — 


Weight of 1 c. c. air at 0^ and 760 znm. pressure 
Density of iodine^yapour referred to air as unity . 
Coefficient of expansion of air fop C. 

Coefficient of cubical expansion of Bayeux porcelain for C 
The required temperature, can now be calculated as follows 


0’001298grm. 

8716 

000366 

00000108 


let /w ^ 


(v - a) *001293 A 
1 + *00366^ * 760 


be the total weight of iodine-rapour con- 


tained in the flask at the moment of sealing, then 

/„ (1 + 0*00366 T) 760 

0 001293 x8*716 * A 


will be the volume of this vapour at the same moment; but 


a(l + 0 00366 T) 760 
1 + 0'00366t * IT” 


f;(l + 0 0000108 7) 


and from this equation, in which T is the only unknown quantity, its value is easily 
found. 

It is obvious that this method is applicable only for the measurement of maximum 
temperatures which can be maintained stationary for some time ; but in cases where 
these conditions can be fulfilled, as in determining the boiling noints of difficulty 
volatile substances (c.y. sulphur, cadmium, zinc) it is capable of yielding very accurate 
results. 

A porcelain globe filled with air may be employed as a thermometer in the same 
way ; the advantage of using iodine is that given dilferences of temperature correspond 
to greater differences of weight. 

(See further Deville and Troost, Ann. Ch. Phys. [3] Iviii. 267, 275, 286, 293.) 

Mercury-pyroTtietcr , — Tliis instrument, proposed by Regnault (Ann. Ch. Phys. [3] 
Ixiii. 40), is composed of a bottle made of cast or wrought iron, platinum or porcelain, 
having a capacity of 500 to 1000 c. c., and provided with a perforated lid which lies 
flat upon the neck of the bottle, the under surface of the lid (which lias a considerably 
greater diameter than the neck) and the upper surface of the neck being groqnd 
together, so that by sliding the lid a little to one side, the bottle can be almost com- 
pletely closed without removing it from the furnace, or other space whose temperature 
is to be determined. Before beginning the experiment, 10 or 16 grms. of pure 
mercury are put into the bottle, and it is then placed in the furnace, the lid being laid 
on so that the hole through it forms a continuation of the orifice of the neck; when 
the bottle has been in the furnace long enough to have thoroughly assumed the tem- 
perature of the latter, it is closed by drawing the lid sideways, then removed from the 
furnace, and quickly cooled. The mercury remaining in the bottle is poured out (it 
can be completely detached from the bottle by shaking a little water round in it), 
and weighed, either in the metallic etate, or, when necessary, after solution in an acid 
and precipitation. When the following data are known, namely — 


V a* capacity of the bottle in c. c. at 0® C. ; 

X ■■ coefficient of cubic expansion of the substance of the bottle ; 

A mm atmospheric pressure at the moment of withdrawing the bottle from the 
furnace ; 

d « density of mercury- vapour at temperatures at which it has the properties of 
a p^ect gas ; 

p «» weight of mercury remaining in the bottle ; 


the requir^ temperature, T, can be calculated. 

The weight of mercojy-vapour which fills the bottle at^2^ is 


hence 


1 + « T 

^ • 1 + 0 00366 r 


0*0012932. <f. 


760 " 




1 + K r 760 p M 

1 + 0*00366 T * V "0 0012932 . ' h “ A * 

in which last expression Mis a quantity which remains constant for the same bottle* 
we have therefore 


T 


1 


M 


Z 

A 


3/. 0 00366 ^ - I 
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of porom eabutMeeg. such as chalk, wood, paper, &c., which either aUow air to etcnpe 
from their pores when immersed in the heated hquid, or caray down into it small 
dobules of mr adhering to them. These globules afford space for the (nm'mncmmt of 
the formation of vapour, and this process being once begun, the space is incre^ed by 
the force of the vapour already formed within it. In the absence of any such space, 
the liquid globule is in a condition somewhat analagous to that of a drop of melted glass 
which has been suddenly cooled in water (Eupert’s drops), and which falls to powder 
on receiving the smnllest scratch: there is no reason why the formation of vapour 
sboiild begin at one point of the mass rather than at another, and thus the whole remains 
in a state of molecular tension until somethingoccurs at some particular point to weaken 
the effect of the forces which oppose the formation of vapour, or until the tension 
increases (in consequence of rise of temperature) to such a degree that these forces are 
overcome simultaneously throughout the whole mass. It will be seen further on that 
these considerations exactly agree with the explanation which the mechanical theory 
of heat affords of the passage from the liquid to the gaseous state. 

Even when liquids are heated in open vessels, the occurrence of ebullition, or the 
formation of vapour in the interior of the mass, appears to depend on like accidental 
causes. Thus the influence of the nature of the vessel wherein a liquid is contained 
has been long recognised. It has been observed, for instance, that water, which will 
boil steadily at 100° in a metallic vessel, may often be heated to 105° or 106° without 
boiling, in a glass vessel previously washed with strong sulphuric acid. Under these 
circumstances, ebullition gencraUy takes place very irregularly : at a certain tempera- 
ture a sudden burst of vapour occurs, and the temperature of the liquid falls at the same 
time to nearly the normal boiling point; the liquid then remains tranquil for a time, 
until the temperature having again risen considerably, another burst of vapour takes 
place, and so on. The “bumping” of heate<l liquids wliich results from this inter- 
mittent formation of vapour, is familiar to every chemist. It may bo prevented to some 
extent by putting into the liquid a few scrjips of platinum, or a globule of mercury ; a 
small piece of charcoal is, however, much more effectual than either of these, though not 
always admissible. This irregular ebullition occurs much more frequently in some 
liquids than others, and to a greater extent in certain glass vessels than in others. For 
instance, methylic alcohol (boiling point 61°) may show a difference in its temperature 
of ebullition amounting, according to Kopp, to 6 or 6 degrees, depending on the vessel 
ill which it is examined. When a liquid is boiling steadily in a glass flask or retort, 
it may almosl always bo noticed that the bubbles of vapour start from one or two 
particular points of the surface of the glass, indicating the existence of some irregularity 
of the glass at those points favourable to the formation of vapour. Another illustration 
of the necessity of some other cause tliaii mere temperature in order to bring about the 
ebullition of liquids, is afforded by the remarkable observation of Professor Donny, of 
Ghent, that water thoroughly deprived of air and sealed up in a rather long glass tube 
quite free from air, may be heated to 138° at one end of the tube without boiling, and 
is then suddenly and violently thrown to the other end by a burst of vapour. An 
additional fact of the same kind may sometimes be observed during the distillation of 
liquids under the ordinary pressure. The writer has occasionally seen a liquid distil 
Very rapidly, thus showing that vapour w'as being formed rapidly at the surface, although 
ebullition could not be maintained by the use of a more powerful flame than that 
which had sufficed, at Jin earlier stage of the experiment, to boil a larger quantity of 
the same liquid. 

The whole of these phenomena cease to bo nnintelligiblo if, with Dnfour, w'e distin- 
guish between the boiling point of a liquid, and the temperature at which the elastic 
force of its vapour becomes equal to the pressure of the atmosphere, and define the 
boiling point as the lowest temperature at w'hieh ebullition can occur^hstead of as the 
temperature at which, under normal conditions, it nmst occur. 

Spluroidal State . — When a drop of water is allowed to fall upon a of iron, the 
temperature of whieli considerably exceeds 100°, it retains its globlilar form, moves 
about rapidly on the surface of the iron without wetting it, and evaporates with com- 
parative slowness. As the iron cools, a point is reached at which the globule of water 
wets it, spreads over its surface, boils and quickly disappears. Tin? condition of the 
globule flrat de.scribod has been distinguished as the spheroidal state. This 
condition can bo assumed by all volatile liquids when they come in contact with the 
surface of either a solid or a liquid body heated considerably above their boiling points. 
The temperature of a liquid in the spheroidal state is alw'ays below its ordinary boiling 
point, notwithstanding the higher temperature of the surface on which it rests. The 
absence of ebullition is therefore due in this case to some other cause than that which 
produces the phenomena of defenvd ebullition wffiich were considered in the last paragraph. 

It is the result of a want of perfect contact between the liquid and the heated surface. 
Itlsny experiments pro\e that the liquid globule rests upon a sort of cushion offts own 


lUgnault’g Hydrogen-pyromtUr (Ann. Ch. Phya PJ Mi. «) “ « indent 
wb^ae trairatnre of a fumace or other heated space can be qui^y deduped 
at any^mred Lstant, It consists of a wrought iron tube one or two in^es widj 
and “"Sough to reach from one side of the furnace to the o^er„fenmnat^ a^^ 
end by a capilLr tube of the same material, projidod with a three-way coci. Wbea 
the teSturerf the liimaee is to be determine^ a ci^nt of pure and .^hydrogen 
is 13 to enter the iron tube at one end, and allowed to issue <*t 

the other; when the current of gas has been continued long enough to <MpI^e all the 
air, and to reduce any oxide that may have formed in the inside of the tube, it is 
stopped f the free end of the iron tube is connected with a copper tube filled with oxide 
of copper, and heated to redness by a row of gas-jets ; the current of hydrogen is then 
replaced by a slow current of dry air, which sweeps forward the hydrogen into the 
copper tube, where it is completely converted into water. The water thus formed 
passes on to a weighed U-tube containing pumice-stone and sulphuric acid, and from 
its weight the temperature of the furnace can bo calculated upon the same principle as 
when the mercury pyrometer is used. (For further details, and for figures of this 
apparatus and of that last described, see Eegnault, /oc. ci^.) 

The ThermomidtipUer . — This instrument consists of a thermo-electric pile, connected 
with a delicate galvanometer; its construction, and the principles u^on which its action 
depends, have already been explained in the article Electbicitt (ii, 413 and 443, 444^. 

As a thermoscope, or instrument for rendering sensible heat of very low intensity, this 
apparatus is much more delicate than any other that has been devised, tbe heat given 
out by the human body producing a perceptible effect upon it, even at a distance of ten 
yards or more (Daguin, TraiU de Physique, 2nd edit. ii. 34). As a differential ther- 
mometer, it is capable of giving accurate results, when the intervals of temperature to 
be measured are sufficiently small. But, since the direct indications of the instrument 
are not generally proportional to these intervals of temperature, it is necessary to con- 
struct, for each thcrmomultiplier, a table showing the interval of temperature to which 
each degree read off upon the instrument really corresponds, The following account 
of the method recommended by Mellon! for constructing these tables is given by 
Tyndall {Htat as a Jdodc of Motiori, p. 366), being translated by him from ‘ La Thcr- 
moorose,’ p. 69: — 

“ Two' small vessels are half-filled with mercury, and connected separateljjr by two 
short wires, with the extremities of the galvanometer. The vessels and wires thus 
disposed make no change in the action of the instrument ; the thermo-electric current 
being freely transmitted, as before, from the pile to the galvanometer. But if, by means 
of a wire, a communication be established between the two vessels, part of the current 
will pass through this wire and return to the pile. The quantity of electricity circu- 
lating in the galvanometer will be thus diminished, and with it the deflection of the 
needle. 

“ Suppose, then, that by this artifice w'e have reduced the galvanometric deviation 
to its fourth or fifth part; in other words, supposing that the needle being at 10 or 12 
degrees, under the action of a constant source of heat, placed at a fixed distance from 
the pile, that it descends to 2 or 3 degrees when a portion of the current is diverted by 
the external wire ; I say that by causing the source to act from various distances, and 
obsendng in each case the total deflection and the reduced deflection, we have all the 
data necessary to determine the ratio of the deflections of the needle, to the forces 
which produce these deflections. 

“ To render the exposition clearer, and to furnish, at the same time, an example of 
the mode of operation, I will take the numbers relating to the application of this method 
to one of my thermomultipliers. ■*< 

“ The external circuit being interrupted, and the source of h^ being sufficiently 
distant from the pile to give a deflection not exceeding 6 degrees ^Mhe ^vanometer, 
lot the wire bo placed so as to connect the two vessels of mercury ; tV^eedue falls to 1*6. 
The connection between the two vessels being again interrupted, let the source be 
brought near enough to obtain successively the deflections : — 

6°, 10°, 16°, 20® 25®, 30®, 36®, 40®, 46®. 

Interposing after each the same wire, we obtain the following numbers : — 

1’6® 3®, 4-6® 6'3® 8-4® 11*2® 16-3®, 22-4®, 297®. 

“Assuming the force necessary to cause the needle to describe each of the first 
djbgrees of the galvanometer to be equal to unity, we have the number 6 as the expres- 
sion of the force corresponding to me first observation. The other forces are easily 
obtained by the proportion ; — 

l'6:6*»tf;4?«^a« 8-333tf,* 

• That 1* to My, one reduced current H to the total current to which it corrosponda. aa any olhu 
reduced current ia to Ka corretponding total current. 
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vapour, produced by the heat radiated from tlie hot surface against its under side. As 
f^t as this vapour escapes from under the globule, its place is supplied by a fresh 
quantity produced in the same way, so that the globule is constantly buoyed up by it, 
and never comes into actual contact with the heated surface. If, however, the tempe* 
rature of the latter is allowed to fall, the formation of vapour becomes less and less 
rapid, until at last it is not supplied fast enough to prevent the globule touching the 
hot metal or liquid on which it rests : as soon as contact occurs, heat is rapidly im- 
parted to the globule, it enters into ebullition, and quickly boils away. 

According to Boutigny’s oxperimcDts, the lowest temperature at which a metallio 
vessel will cause the spheroidal state to be assumed by water is 142^; for alcohol the 
lowest temperature is 134^, and for ether 61^. 

Solid bodies w'hich evaporate without becoming liquid also assume a condition 
analogous to the spheroidal state of liquids, wdien they are placed upon a surface whose 
temperature is sufficiently high to vaporise them very rapidly. This is very distinctly 
seen on tlirowiiig a piece of solid carbonate of ammonium into a red-hot platinum 
crucible, and when a fragment of solid carbonic anhydride is placed upon any good 
conducting surface at the ordinaiy temperature. 

of Substances in Solution on the Boiling Point of Liquids . — Liquids holding 
solid bodies in solution boil generally at higher tcmpenitures than they do in Mu* 
pure state. On the other hand, the boiling point of water is lowered by mi-xing it 
with alcohol, and that of alcoliol by mixing it with etlier; the boiling point of a mix- 
ture being always iutermtxliate between the boiling points of its components. The 
effect of salts in raising the boiling point of water may be considered as also coming 
under this rule. The following table gives the boiling points of saturated solutions of 
several salts, according to Legrand. 


Tabic of Boiling Points of Saturated Saline Solutions. 


Salt. 

Weifiht of 
Malt (lis- 
Molvc d in 
UK) part# 
of water. 

. Hoilinji 
Point. 

Salt. 

Weight of 
salt dis 
solv» d in 
1(0 parts 
of water. 

Hoilin;.' 

Point. 

Acrtate of pota.H.sium . 

798-2 

169® 

Part rate of potas.siuni . 

290-2 

lH-7^ 

Nitrate of calcium 

3G2-2 

151 

ChIo^at(^ of potassium . 

01-5 

104-2 

( urlionate of ])otassium 

205 0 

135 

Chloride* of sodium 

41-2 

108-4 

Ai.-etato of sodium 

209-0 

124-4 

Phospliate of sfxliuin ) 

112-6 

100-6 

Nitrate of sodium 

224-8 

121 

(dried) ) 

('hloride of strontium . 

117-5 

117-8 

Carbonate of sodium . 

485 

104-6 

Nitrate of potus.sium . 
Cliloride of ammonium 

335-1 

88-9 

115-9 

114-2 

Chloride of barium 

GO-1 

104-1 


(I'or Logrsind’s determinations of the boiling points «jf weaker solutions of these and 
sonuf other salLs, and for the similar experiments of Griflith.s and Faraday, see Gmeliii’s 
Handbook, i. 269, 270.) 

A V*ry contradictory opinions have been maintained by different observers with regard 
to the temperature of the vapour which issues from boiling saline suliitions. It has 
been said, on the one hand, to bo the same as that of pure waU*r boiling under the 
same pres.suro; and, on the other hand, to be equal to that of the higliest stratum of 
tlio solution. According to the recent experiments of Magn us (Fogg. Ann. exii. 408), 
the latter statement appears to be nearest the tnith. These experiments prove de- 
risively that the vapour of boiling solutions is hotter than that of pure water, and that 
its temperature rises as the solutions become mor<* concentrated, and therefun* boil at 
higher temperatures; nevertheless, the vaj)Our was alw'a^'u found a little colder than 
the mass of the boiling solution, and the difference was greater at high temperatures 
than it was at low ones. 

Udations between the Boiling Point of substances and their Chemical Composition . — 
Many attempts have been made to trace some connection between the boiling points of 
different liquids and their chemio^il composition. The most extensive and im|X)rtant 
series of observations that have been made u[j^n this point are due to Kopp (Ann. 
f h. Pharm. xevi. 2, 330; xtrvdii. 267, 367 ; Phil. Trans. 1860, 257). The principal 
conclusions deducible from these investigations are as follows ; — • 

1. Analogous compounds, presenting the same difference of composition, veiy fre- 
qnemly differ by the same amount in their boiling points, or tlie interval between their 
l»oiling points is proportional to their difference of composition. A compound con- 
taining jcQ more or less than another of analogous function, generally boils at a 


TfiEKM^IETRr^ 23 


wlien a lepresents the deflection when the exterior citcuit is closed. We thxm obteiu 
6, 10, 16% 21, 28, 37*3 
for the forces corresponding to the deflections, 

6°, lO®, 16®, 200, 26®, 30®. 

“ In this instrument, therefore, the forces are sensibly proportional to the arcs up to 
nearly 15 degrees, ^yond this the proportionality ceases, and the divergence augments 
as the arcs increase in size. 

“The forces belonging to the intermediate degrees are obtained with great ease, 
either by calculation or by graphical construction, which latter is sufficiently uceuratti 
for these determinations. 

“By these means we find, 

Degrees . . 13® H® 15® Ifi® 17^ 18® 19® 20® 21® 

Forces. . . 13 14T 152 16 3 17*4 18*6 19*8 21 22*3 

Differences . . 1*1 1*1 1*1 1*1 1*2 1*2 1*2 1*3 

Degrees . . 22® 23® 24® 25® 26® 27® 28® 29® 30® 

Forces. . . 23*5 24*9 26*4 28 29*7 31'5 33*4 35*3 37*8 

Differences . . 1*4 1*5 1*6 1*7 1*8 19 1*9 2 

“ In this table wo do not take into account any of the degrees preceding the 13th, be* 
cause the force corresponding to each of them possesses the same value as the deflection. 

“The forces corresponding to the first thirty degrees being known, nothing is easier 
than to determine the values of the forces corresponding to 35, 40, 45 degrees, aud 
upwards. 

“ The reduced deflections of these three arcs are, 

16*3® 22*4®, 29*7®. 

“ Let us consider them separately ; commencing with the first. In the first place, 
then, 16 degrees according to our calculation, are equal to 16-2 ; we obtain the value of 
the decimal 0*3 by multiplying this fraction by the difference 1*1 ; for we have evidently 
the proportion 

1: 1*1 « 0*3 « 0-3 

The value of the reduced deflection corresponding to the 36th degree, will not, there- 
fore, be 15*3®, but 15*2® + 0*3® = 15*5®. By similar considerations wo find 
23 5® + 0*6® ■■ 24* 1°, instead of 22*4®, and 36*7® instead of 29*7® for the reduced 
deflections of 40 and 45 degrees, 

“ It now only remains to calculate the forces belonging to these three deflections, 

15 6® 24T®, aud 36*7®, by means of the expression 3-333a; this gives us, 
the forces, 61*7, 80 3, 122*3. 

for the degrees, 35, 40, 46. 


“ Comparing those numbers with those of the preceding table, we see that the 
sensitiveness of our galvanometer diminishes considerably when we use deflections 
greater than 30 degrees.'’ 

When one face of the thermopile is exposed to the action of heat, the needle of the 
galvanometer, with which the pile is connected, immediat^*ly leaves its position of 
equilibrium and swings considerably beyond the new position in which, after a series of 
gi^ually diminishing oscillations, it idtimately oomes to rest, if the pile continues 
exposed to the same source of heat ; and when the source of heat is removed, the face 
of the pile only gradually loses the increased temperature which it had acquired while 
exmsed to its action, so that the return of the galvanometer needle to its first position 
is Ukewise graduaL These two circumstances would occasion a very considerable lose 
of time in making a numerous eerics of ob8er\’ation8 with the thennomnltiplier, were 
it necessary each time to allow the needle to become stationary at the point of ultimate 
deflection ; but Melloni observed that the arc through which the needle swings in lt4 
first oscillation is always the same for an ultimate deflection of the same amount, and 
hence, by constructing what he calls a Tadle of ImpvJacs, or table giving the ultimata 
deflection corresponding to a first swing, or impulse, of any given amount, this loss of 
time may be avoided. With such a table, it is only necessary to observe the arc de- 
scribed by the needle in its first movement, and then to refer to the table for the ulti- 
mate deflection corresponding thereto. 

Siemens’s Resistance Thermometer . — ^In this instrument the actual indications of 


temTCrature are made by an ordinary mercurial thermometer: its f>eculiarity consist# 
in the fact that it enables the temperatures of spaces to be determined into whidh A 
^^iTQometer could not be introduced, or where, if introduced, it could not b« 
observed. Its action depends on the increased resistance which a metallic wire ofihr* 
to the passage of an electric current when its tempmture is raised. (EuiCTBXcmr, 



») 


HEAT. 


temperature jr x 29 degrees higher or lower than the latter, and if it (mnteins more 
or ^s it commonly boils at a: x 6 degrees lower or higher. A particular instance of 
the application of this rule is to homologoas compoun^: in the homologous acids 
(Acids, i. 60), and in the corresponding aJcohols and compound ethers, the 
addition of CH* to the formula of a compound raises its boiling point on an average by 

'®2-: temperature 40° higher than the alcohol, OH“«0 

rAncoHOLS i 97) the oxidation of which may give rise to the acid. 

3. A compound ether (Etmeks, ii. 612), boils at a temperature 82° lower 

than the acid, isomeric with it 

If we start from the boiling point of ethyl-alcohol, - 78°, these three propositions 
enable us to calculate the boiJing points of a large number of organic substances, 
alcohols, acids, and compound ethers, represented by the above general formulae. I he 
following tables serve to show how far the boiling points thus calculated correspond 
with those actually observed. 


Boiling Points of Alcohols, C"!!*" '“^0. 


Name. 

Formula. 

Calcu- 

lated 

Boiling 

Point. 

Observed Boiling Point. 

Methylic alcohol . 

Ethylic alcohol 

•Tritylic alcohol 
Tetrylic alcohol 

Amylic alcohol 

Hexylic alcohol 
Hcptylic alcohol . 
Cetylic alcohol 

CH'O 

C^H®0 

C*IPO 

C^H'®0 

C«Il'H) 

QUill^O 

69° 

78 

97 

116 

135 

154 

173 

344 

! 

Kane, 60°; Delffs, 60-5°; Kopp, 65°; Pierre, 
66°; Dumas and Peligot, 66'6°. 

Dumas and Boullay, 7 6° ; Gay-Lussac, Pierre, 
Kopp, Delffs, Andrews, 78°. 

Chancel, 96°. 

Wurtz, 109°. 

Pasteur, 127°— 129°; Caliours, Pierre, Kopp, 
Delffs, 132°; Kicckhcr, 135°. 

Paget, 148°— 164°. 

Stiideler, 177°— 177-5°. 

Favre and Silbcrinann, 366°? 


Boiling Points of Acids, 


Name. 

Formula 

Calcu 

lated 

Bolling 

Point. 

Observed Boiling Point. 

Formic acid 


99° 

^Liebig, 99°; Bineau, Favre and Silbermann, 
)100°; Kopp, 106°. 

Acetic acid . 

CH^O* 

118 

(Delffs, 116°; Kopp, 117°; Sebillo- Auger, 
)119°; Dumas, 120°. 

(Dumas, Malaguti, and Leblanc, about 140°; 

Propionic acid 


137 

iLimpricht, Kopp, 142° 

(Kopp, Delffs, 166°; Pierre, 163°; Pelouze 
( and (3elis, about 164°. 

Butyric acid . 


166 

Valeric acid . 


176 

Dumas and Stas, Delffs, 175°; Kopp, 176°. 
(Brazier and Gossleth, Wurtz, 198°; Eehling, 

Caproic acid . 

C«iii20* 

194 

( 202°— 209°. £ 

CEnanthylic acid . 

C’lP'O* 

213 

Stiideler, 218° %£ 

Fehling, 236°; Perrot, 238Ct 

Perrot, 225° ; Cahours, 260^. 

Caprylic acid . 

C*H'®0= 

232 

Pelargonic acid 


261 


In other groups of compounds, a difference of CH* in the composition of analogous 
substances cori’csponds frequently to a nearly constant difference of boiling point : but 
this difference sometimes amounts to more than 19 degrees, and sometimes to less. 
For instance, in the series of hydrocarbons C"H homologous with benzene, C^H®, a 
difference of CH*'* in composition corresponds to an average difference of about 24° in 
boiling point; in the series of alcohol-radicles (or hydrides) homologous 

with ethyl, C'-H'®, (or marsh-gas, CIl^) the difference of boiling point corresponding to 
the same difference of composition, is also nearly 24° ; in the series of acetones 
C®ir-“0, it is about 22°. On the other hand, the difference of boiling point, corre- 
sponding to a difference of CH* in composition, is less than 19° in the anhydrides 




Two perfectly similar coils of insulated wire are enclosed in two hermetically sealed 
copper cases. One is placed in the space of which the temperature is resumed, the 
other in a bath of water ; and the temperature of the bath is altered until the electrical 
resistance of the two coils is exactly equal, an equality which can be readily tested by 
a differential galvanometer. The temperature of the bath will then clearly be equal 
to that of the space where the first resistance coil is placed. The connections are 
made^ with very thick co pper wire, so thattheir resistance shall have little or no influence 
upon the result. The wires are coiled on an open copper cylinder of considerable 
diameter and length, so as to expose a large surface to the air or water in which they 
are placed. They in consequence take the temperature of the surrounding medium 
with groat rapidity. (JSeport on Electrical Imiruinents in the International Exhibition 
of 1862, by Fleeming Jenkin. — Jurors’ Reports, Class xiii. p. 93.) 

This instrument is obviously adapted for determining the temperature of different 
depths of the sea, or of borings on land, and for other sinailar purposes. Its sensibi- 
lity may be considerably increased by adopting a suggestion of Dr. Esselbach’s, and 
constructing one of the coils, that one which is placed in the bath of water, of a mato- 
pinl whose resistance increases more slowly witli rise of temperature than that of the sub- 
stance of which the other coil is made. The temperature of the bath would then have to 
be varied more than one degree, in order to compensate the alteration of resistance caused 
by a variation of one degree in the temperature of the medium surrounding the other coil. 

Besides the instruments for measuring temperature which are described above and 
in the article Thrrmometkr, already referred to, a great number of others, of various 
degrees of utility, have been suggested from time to time. But it is believed that the 
instruments here noticed are those most likely to be found practically useful by the 
experimental chemist. A largo number of tlio older contrivances for thermometrio 
ptirposes are very fully described in the treatise on The Thermovieter and Pyrometer^ 
published by the Society for the Diffusion of Useful Knowledge. (Library of Useful 
Knowledge, Natural Philosophy, vol. ii. 1832.) 

Calorimetry. — The cases in which quantities of heat require to be measured are 
very numerous, and different methods and apparatus are required in nearly every case. 
In relation to every one of the effects of heat the question arises : How much heat is 
needed to produce this effect with a given intensity? hence calorimetric measurements 
have to bo made in the study of each of these effects, while the nature of each will 
determine tJio manner in which such measurements can best bo made. We shall, 
therefore, consider the different problems into which calorimetry enters, one by one as 
they occur, and shall now pass at once to tho 


Quantitative Stui>y of the Effects of Heat. 

The following order will be adopted in this part of the subject:--' 

1. Changes of Temperature produced by Heat. 

2. Changes of Volume produced by Heat. 

3. Changes of State of Aggregation produced by Heat. 

4. Relations of Heat to Chemical Affinity. 

6. Relations of Heat to Electricity. 

6. R<;latioii8 of Heat to Mechanical Energy. 

1. Changes of Temperature produced by Heat . — Bpectfio Beat. — When 
•qual weights of two different substances, say a pound of water and a pound of mercury, 
are placed in two similar vessels, and exposed for the same length of time to the heat 
of the same lamp, or placed in front of tho same fire, at equal distances from it, or 
otherwiiw treated so as to have an opportunity of taking up, each ox^^tiy as much heat 
as the is foviud that, if of equal temperatures at the begh||iing of the experi- 

ment, they have no longer tho same temperature at the end of The mercury is 
found to be much hotter than tho water. Hence it is proved thaffB quantity of heat 
which is sufficient to raise the temperature of a given quantity of mercury through a 
Ipven number of degrees, is ouly able to raise the temperature of the same quantity of 
Water through a smaller number of degrees ; in other words, more heat is required to 
xaise the temperature of a given quantify of water one degree, than is required to raise 
the temperature of tho same quantity of mercury one degree. Again, if we take two 
equal weights of water and mercury which have been heated to the same temperature, 
say to 100^ C., and place them under such conditions that, in cooling down to the tem- 
p4^ti^4>f the atmosphere, each shall give out exactly as much heat in each second as 
na other, it will be found that tho mercury will have cooled down to the temperature 
atmosphere long before the water ; hence, when its temperature is lowered by a 
ffnren number of degrees, water gives out more heat than an e<|ual quantity of mercury 
doss W undergoing a similar alteration of temperature. Extending similar experiments 
to othor lubstanccs, we should find that the quantity of heat needed to effect a given 
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Boiling Points of Compound Ethers^ 


Calcu- 

lated 

Boiling 

Point. 


Observed Boiling Point. 


Formate of methyl . 


36® 

Acetate of methyl . ) 
Formate of ethyl . J 


66 

Acetate of ethyl . . 


74 

Butyrate of methyl 



Acetate of trityl . 
Formate of tetiyl . 
Propionate of ethyl , 


93 

Valerate of methyl. 



Butyrate of ethyl . 
Acetate of tetryl . 
Formate of amyl , . 


112 

Valerate of ethyl . 



Butyrate of trityl . 
Acetate of amyl . 


131 

Caproate of ethyl . } 

Propionate of amyl { 


150 

Butyrate of amyl . . 


169 

Valerate of amyl . | 
Acetate of capryl . I 


188 

Pelargonate of ethyl [ 
Caproate of amyl . i 


207 

Laurostcarate of ethyl 


264 


Kopp, Andrews, 33o ; Liebig, 36°— SS®. 
/Andrews, 65®; Kopp, 66°; Lumas and 
P^ligot, 68®. 

■ Liebig, Delffs, 63®; Kopp, 65®; Lowig, 

66 ®. 

) Lumas and BouUay, Pierre, Kopp, Lelflfs, 

I 74®. 

/ Fa\TO and Silbennann, Lellfs, 93® ; Kopp, 
96®; Pierre, 102®. 

I Berthelot, about 90®. 

” Wurtz, about 100®. 

Kopp, 96® — 98®; Limpricht and Uslnr, 

101 ®. 

/Kopp, 114®— 116®. 

Pelouzo, 110®; Lelffs, 113®; Kopp, 116®; 

Pierre, 119®. 

Wurtz, 114®. 

Leltfs, 114°; Kopp, about 116®. 

(Lelffs, 132 ; Otto, Kopp, Berthelot, 133®— 
134®. 

Berthelot, about 130®. 

Cahours, 126®; Kopp, Lelffs, 133®. 

Lerch, 120°; Fehling, 162®. 

Wrightson, about 166®. 

Lelffs, 173®— 176°. 

(Kopp, 188; Balard, al>out 196®. 
jLachaiier, 191- 192® ; Bouis, 193®. 
(Cuhours, 216°— 218; Lelffs, 224®. 
^Brazier and Gossleth, 211®. 

Gorgey, 264®; Lelffs, 269®. 


homologous with acetic anhydride, C‘I1®0’ (namely, about 12*6®) ; in the 
ethers of the acids homologous with oxalic acid, 

11°) ; also in the carbonates, sulphocyanates and borates of the alcohol-raaiclest^"!! “ . 

These results seem to show that, as a rule, the greater the quantity of oxygen con- 
tained in any series of compounds, the smaller is the effect on the boiling point of a 
difference of composition amounting to CII^ 

In the chlorides, bromides and iodide's of the alcohol-radicles C"H ■ , a difference in 

composition of CH* causes a difference in boiling point of from 24 to 31 degrees , in 
the corresponding sulphides and sulphydrates (mcrcaptans) the difference also consider- 
ably exceeds 19®. 

Measurement of the Tension of Kfl/ieMr/?.— The varioiw methods that have 
been employed for measuring the maximum tension of vai>ours at different temperatures, 
depend upon principles already explained. We have here to describe briefly the 
manner in which these principles were put in practice, and to state the most important 
results obtained. . 

The tension of rapours at temperatures below the ordinary boiling points of the 
corrtMsponding liquids, and therefore at pressures less than that of the atmosphere, have 
been measured by determining the depression of the mercury column of a barometer 
produced by the saturated vapours at known tem^ratures. Fig. 643 represents the 
apparatus employed by Regnault {Relation des ExpMenceSf &c. p. 489) in his prin- 
cipal series of experiments made by this method. The liquid whoso vapour is to bo 
examined is contained in a small bulb almost completely filled by it, and henncticallv 
sealed without any trace of air. This bulb is introduced into a glass glol>c, the neck 
of which is then drawn out, bent at a right an^le, and cemented into a narrow T-tube of 
copper, the other branches of which communicate^ one of them through a drying tube 
containing pumice-stone and sulphuric acid, with an air-pump, the other, by a capillary 
tube, with the top of a wide glass tube open below and dipping into mercury. This 
last tube forms the barometer, the depressions of which are ol^rvcd j its upper part 





* SPECIFIC HEAT. 25 

change of temperature ia different fat almost eyery snhstance. These quantities of 
heat, expressed relativdly to the quantity of heat required to raise the temperature of 
an equal weight of water &om 0° to O., are called the specific heats of the Tarious 
substances. Thus, for instance, the statement that the specidc heat of lead u 0*0814, 
implies that the quantity of heat which would suffice to raise the temperature of any 
given quantity of lead from 0® to 1® C., would raise the temperature of an equal quan* 
tity of water only finom 0® to 0*0314®. 

The power of heat, then, to cause changes of temperature depends upon the nature of • 
the substance upon which it acts, just as we shall see in the seq^uel, that its power to 
cause change of volume, or changes of any other kind, vanes with the nature of the 
bodies submitted to its action. 

Three principal methods have been employed for measuring the specific heats of dif- 
ferent substances. Of these, much the most accurate is that known as the method 
of mixtures; we shall, therefore, describe it first. It consists in heating a known 
weight of the substance, whose specific heat is to be determined, to a known tempera- 
ture, then plunging into a known weight of water, also at a known temperature, and 
determining the temperature of the mixture which results. In an experiment of this 
kind, let 2' be the temperature to which the substance was heated, t the initial tem- 
perature of the water, and 6 the temperature of the mixture ; and let the weight, in 
grammes, of the substance bo JVf and the weight of the water, to. Then it is p!ain 
that the heat which the substance has given out in cooling from T® to 8® is the same 
as that required to heat the water from to 8®. Calling the hitherto unknown specific 
heat of the substance or, we shall have for the former quantity of heat, the expression 
H ( r— $)x, and for the heat taken up by the water (whoso specific heat — 1), — t). 

Hence 

or to (8 — i) 

$y 

The most accurate determinations of specific heat that have hitherto been publisliptl 
are probably those made by Regnault (Ann. Ch. Phys. Ixxiii. 6; Ibid. [3] i. 121); 
ix. 322; xxvi. 261 and 268; xxxviii. 129 ; xlvi. 267; Ixiii. 6), by the method of 
mixtures. Fi^. 630 (see p. 26), which is copied from his latest memoir on this subject, 
shows the disposition of apparatus usually employed by this investigator. The sub- 
stance to be examined is contained in a basket of fine brass wire, M, suspended in the 
middle of an upright cylinder, A, of thin metal. This cylinder is surrounded by a 
larger concentric cylinder, B, and this again by a third cylinder, C. By the ebullition 
of water in the boiler, V, the annular space between A and B is kept constantly full of 
steam, which passes thence through the openings, o o, near the top of B, into the outer 
annular space comprised between B and C, and hence by the wasle-pipo f/to the con- 
denser G, and so back to the boiler. That portion of the steam which is liquefied in 
the cylinders B and C, returns to the boiler m the form of water by the pipe c. The 
temperature of the substance in M is shown by the thermometer T, the bulb of which 
occupies a cylindrical space left for the purpose in the middle of the basket of brass 
wire. The water into which the substance is to be plunged is contained in the calori- 
meter H, a small vessel of very thin and highly polished brass, supported upon three 
points, and carried by a foot which slides along a groove, so that, by a rapid and smooth 
motion, it can be brought directly under A, or removed to the farther side of the 
sliding screen, pp', so as to be protected from the influence of heat given out by the 
heating apparatus C- When in its place under A, the calorimeter is protected from 
heat x^iated by the boiler by the double screen D, between the two coatings of which 
a continual circulation of cold water is kept up. The temperature of the iialorimeter 
is indicated by the thermometeT the bulb of which is long enough to reach from 
just below the surface of the water to very near the bottom. 

At the commencement of an experiment, the calorimeter is drawn back outside the 
screen pp\ and the basket containing the substance to be examined is suspended in the 
middle of the cylinder A by a silk thread, the cylinder itself being closed at top and 
iMttom by hollow plugs to prevent loss of heat^ (me of which is shown in its place at 
the upp^ part of the figure. Steam from the boiler being allowed to (Hrculate about A, 
the substance at M is gradually heated to nearly the temperature of boiling water. 
After, in general, about two hours, the thermometer T becomes stationaiy ; bat, for 
pea^ certainty that the temperature of the substance is uniform throaghioat» the 
heating is continued for at least another hour. The temperature <>f the water in the 
calorimeter is then observed by reading the thermometer < through a telescope, the 
temperature of the air being read oflf at the same time upon another thermometer. The 
calorimeter is quickly pushed under the heating apparatus ; the plug at the bottom oi 
the cylinder A is removed ; and by loosening the cork which supports the thermometer X 
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is insida a metal water-bath, one f&te of which is formed by a sheet of plate glass, and 
in which are also contained the upper part of an ordinaiy barometer, to serve as a 

standard of companson, and the glass globe 
spoken of above; this, as shown in the figure, 
rests on a metal ring carried by a support 
rising from the bottom of the bath. Pre- 
vious to beginning the experiments, the in- 
side of the glass globe and of the tubes com- 
municating with it is rendered absolutely dry 
by repeatedly pumping out the air, and each 
time allowing it to be filled again by air dried 
by passing through the sulphuric acid drying 
tube. Then, by bringing a piece of hot char- 
coal near the outside of the globe, the bulb 
containing the liquid is burst, and the experi- 
ments are proceeded with by observing simul- 
taneously the temperature of the bath in which 
the globe is immersed, and the difference in 
height of the two barometers. 

The same apparatus, slightly modified, 
served for the determination of the tension 
of vapours in presence of air or other gases. 

For the determination of the tension of 
the vapour of water at higher temperatures, 
Kcgnault {ibid. p. 515) employed the ap- 
paratus represented in fig. 514, an apparatus 
which enabled him to measure the pressure 
under which water boiled at various tempe- 
ratures (see p. 83). The apparatus consists 
of a copper retort, containing the water to 
be experimented upon, and communicating, 
througli a tube surrounded by cold water 
(whereby the steam produced is condensed and whence it continually flows back as 
water into the retort), with a copper globe of 24 litres capacity. Tliis globe is con- 
nected with a manometer which indicates the pressure inside the whole apparatus, and 



also with a branch tube by means of which air can be withdrawn from or forced into 
the appimitus, so as to bring the pressure to the required amount. I'he temperature 
of the boiling water in the retort is indicated by four thermometers, two of which dip 
into the water, and two into the steam. In onler to prevent any alteration in the capa- 
cities of the bulbs of the thermometei*s, resulting from the pressure of the vapour upon 
tliom, they are enclosed in iron tubes, closed at the bottom and containing mercury. 

The following table gives the results obtained at intervals of five degrees betw’cen 


Fig. 543. 
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the silk thread fiom which the basket M hangs isjiberate^ and Ais with its contents 
allowed to fell into the water contained in H. The calorimeter is agmn drawn back 
behind the screen PF, and the basket is moved about in the water by an assistant, 
while the observer watches through the telescope tlie maximum temperature indicated 


Fig* 5«30. 



\sg the thermometer t. This maximum generally occurs one or two minutes after the 
immersion of the substance* Suppose that, in sucm an experiment, the following results 
Were obtained : — 


Weight of substance , Afgrm. 

„ „ brass wire basket p gnn, 

Temperuture by thermometer T at moment of immersion . . 

Temperature by thermometer t at same moment . . . . 

Hvumum temperatnre after immersion by thermometer < . . 

Weight of water in calorimeter, calorimeter and thermometer sup- 

A • t__ i J ^ 


Specific heat of brass • « • . . . . . . c 
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-- 82® and + 230®. (For tablos of the tensions of water-vf^ur at each degree centi- 
grade between these limits, and at each tenth of a degree between - 10^ and + 35® 
and between 85® and 101®, see Regnault^ loo. cit pp. 624-633.) • 


Maximum Tension of Water-vapour bctioeen —32® and +230®. (Regnault.) 


Teirppraturc. 

Tension, 

millimt'tres. 

Temperainre. 

Tension. 

millimetres. 

Temperature. 

Tension, 

millimetres. 

-32® 

0-320 

65® 

117-478 

145® 

3125-65 

30 

0-386 

60 

148-791 

150 

3581-23 

25 

0-605 

65 

186-945 

155 

4088-56 

20 

0-927 

70 

233-093 

160 

4651-62 

15 

1-400 

75 

288-517 

165 

6274-54 

10 

2-093 

80 

354-643 

170 

6961-66 

5 

3-113 

85 

433-041 

175 

6717-43 

0 

4-600 

90 

625 450 

180 

7546 39 

+ 5 

6-534 

95 ‘ 

633-778 

18.5 

8453-23 

10 

9-165 

100 

760-000 

190 

9442-70 

15 

12-699 

105 

906-4 10 

195 

10519-63 

20 

17-391 

110 

1075-370 

200 

11688-96 

25 

23-550 

115 

1269-410 

205 

12956-66 

30 

31 -.548 

120 

1491-280 

210 

11324-80 

35 

41-827 

125 

1743-880 

215 

15801-33 

40 

54-906 

130 

2030-280 

220 

17.390-36 

45 

71-391 

135 

23.53-730 

225 

19097-04 

50 

91-982 

140 

2717-6.30 

230 

20926--10 


Determinations of the tension of water- vapour up to 111 dejxroes have also been 
made by Magnus (Pogg. Ann. Ixi. 22.3) by a nnahod c.saentially similar to the first 
of those above do.scribed. His results agree closely with those of Regnault. (For the 
older determinations of the pres.su re of steam at high temperatures by Arago and 
Du long, see Omelin’s Handhooky i. 262.) 

The following table, by Fairbairn and Tate (Phil. Trans. 1860, p. 220), gives the 
t»'mperatures at which water i.s comjdetely eonvert.ed into saturated steam under 
various pressures, together with tho volume of steam formed under these circumstances 
compared with that of tho water from which it i.s produced. 


Pressure^ Tcmjierati're^ and Volume of Saiurafrd Stram. 




SPECIFIC HEAT; 

ThaDt calling the raqnired specific heat of the enbataBce 0 , we dioold have 
fifqr- 9) + pe(r- •) - if(* - I): 
or C - 

Jlf(7’-9) JT 


*7 


In giving the calculation in this venr simple form, we are aaeuming that the con- 
stant A incudes not merely the actual water in the caloruneter, but also the ** water- 
equivalents of the brass of which the calorimeter is composed, and ^ the glass 
and mercury composing the thermometer t, for these are all heated at the same time as 
the water, and to the same extent. If the weight of brass in the calorimeter were w, 
and the weights of glass and mercury in the thermometer t respectively v/ and ir, and 
if, ftirther, the specific heats of brass, glass, and mercury be c, c\ and c", the ** water- 
equivalent” of the calorimeter (or the quantity of water which would require the same 
quantity of heat to raise its temperature one degree) would be wv, and the ” water- 
equivalent ” of the thermometer t would be wV Hence if a be the weight 

of actual water in the calorimeter, the calorimetric value of the whole quantity of matter 
to which the heat of the body nndor experiment is imparted will be : 


A = a + wc + wV -h 


The values of the several terms making up the whole value of A must obviously be 
determined by preliminary experiments. 

An additional correction, the value of which has also to be found by preliminary 
trials, is ^uired to compensate the heating or cooling effect of the atmosphere upon 
the calorimeter and its contents during the course of nn experiment. But as the 
difference between the two temperatures t and 0 of the calorimeter seldom exceeds 
4"^ or 6°, it is easy, by keeping the temperature of the instrument as much below the 
atmospheric temperature during the first half of tho experiment as it is expected to 
exceed it in the second half, to render the error introduced by atmospheric heating or 
cooling, veiy small indeed : in Ilegnault’a experiments, it amounted to only tliree or four 
hundredths of a degree, but was nevertheless carefully allowed for. 

By means of the apparatus above described, the substance under examination can 
never be heated quite to tho boiling point of tho liquid in the boiler V, so that when 
tliis is water, the temperaturo of the substance never rises above 97® or 98®; but any 
other temperature that may bo desired can easily be attained by introducing into the 
boiler, in place of water, a liquid which boils at nearly the required temperature, and 
then raising or lowering its temperaturo of ebullition as much as may bo needed, by 
connecting the tube h i with a large reservoir of compressed or rarefied air. 

In determining the specific heat of substances (such as phosphorus, for example) 
which could not bo heated without causing them to melt or else to undergo other 
alterations which would interfere with the accuracy of the results, Regnault adopted 
an inverse process, and cooled them to a temperature considerably below that of the 
water in the calorimeter, and thus observed tho diminution in tho temperature of tho 
latter which resulted from immersing the cooled substances in it. Tho apparatus 
employed for producing and maintaining constant a low temperature, resembles 
to some extent the heating apparatus already described and figured. It consists of 
a central tube, in the middle of which is suspended the substance to be cooled, 
surrounded by two larger concentric cylinders. The space between the central tube 
nud the next is partially filled with ether or some other volatile liquid, and the 
space between this tube and the outside one is filled with air. By causing a rapid 
current of air to traverse the ether, its temperaturo is gradually lowered, and with 
an external temperature of 20® C. any temperature not lower than —12® can be 
maintained constant by properly regulating the flow of air ; the lowest temperature 
that can be obtained under similar circumstances, by employing sulphide of carbon 
instead of ether is — 8®. By the use of liquid ammonia, any temperature between 
— 40® and —80® C. can be obtained. 

In order to apply the above method to detenninations of the specific heat of liquids, 
they must be enclosed in tubes of very thin glass, nearly filled and hermetically 
clo^. These tubes are suspended, like tho basket M, in the centre of the tube A, 
and afterwards let down into the calorimeter. In calculating the result, allowance 
must of coarse be made for the heat imparted to the calorimeter by the tube. 

Another apparatus which serves for the determination of specific heats is repre- 
sented in^. 631. This apparatus, devised by Favre and Silbormann (Ann. Ch. 
Phys. [3] xxxvi, 33), consists of a glass glob^ of about 1 litre capacity, in which 
are three openings. The first, b, admits a thin iron or platinum tube, closed at tho 
lower end, about 1 inch (2J to 3 centimetres) wide ana 4 inches (10 or II centi- 
metres) long, cemented at the top into the opening of the glass, and kepi in its 
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The following tables contain the results of some of Eegnault’s e^enoMnta oil the 
tension of the vapours of other liquids. (MAm. Acad. Sciences, xxvi. 349-668.) 


Tension of Vapours. 


Temperature. 

Alcohol. 

Ether. 

Sulphide of 
carbon. 

Chloroform. 

Benzene. 

Oil of 
turpentine. 

®C. 

rom. 

mm. 

mm. 

mm. 

mm. 

mm 

- 20 

3-3 

67*5 

43*5 

. . 

4*9 


10 

6*6 

113-3 

81*0 

. 

13*4 


0 

12-8 

183-3 

132-0 

. 

26*6 

2*1 

+ 10 

24*3 

286*4 

203*0 


46*6 

2-9 

20 

44-5 

433*3 

301 8 

160*5 

• 76-3 

4*4 

40 

133-6 

909-6 

6170 

366*2 

182-3 

10*8 

60 

350-3 

1728*5 

1163*7 

751*0 

388*6 

26*6 

80 

812'8 

3024*4 

2033*8 

1404*6 

766*6 

61*3 

100 

1694-9 

4950-8 

3329*5 

2426*5 

1352*3 

131*1 

120 

3219*7 

7702*2 

6145*4 

3916*2 

2266*3 

257'2 

140 

6637-0 


7556*9 

6965*8 

363:*0 

464-0 

160 

7258-7 


• • 

7226*6 

4336*7 

606*2 


Tension of Vapours — continued. 


Liqueded Gases. 


Merc 

ury. 

Tempera- 

ture. 

Sulphurous 

anhydride. 

Ammonia. 

Sulphydric 

acid. 

Tempera- 

ture. 

Tension. 

Tempera- 

ture. 

Tension. 

OC. 

mm. 

mm. 

mm. 

®C. 

mm. 

°c. 

mm. 

-78*2 


240*0 

441*4 

0 

0*0200 

120 

1*634 

40 


628*6 


10 

‘0268 

150 

4-266 

30 

287-5 

876-6 

2808*6 

20 

•0372 

180 

11*00 

20 

479-5 

1397-7 

4273-0 

30 

*0530 

200 

19*90 

10 

762-6 

2149*6 

5946*0 

40 

•0767 

250 

75-75 

0 

1166-1 

3162*9 

7709*3 

50 

•1120 

300 

242*1 

+ 10 

1719*6 

4612*2 

10896-3 

60 

•1643 

350 

663-2 

20 

2462-0 

6467*0 

14161-6 

70 

*2410 

400 

1587*9 

30 

3431-8 

8832*2 

18035*3 

80 

•3628 

450 

3384*3 

40 

4670-2 

11776*4 

22582*6 

90 

*5142 

500 

6520*2 

60 

6220-0 


27814*8 

100 

*7455 

620 

8264*9 


It was supposed by Dalton that the tension of the vapurs of all liquids is the same 
at temperatures equally distant from their respective boiling points. The observations 
from which tlio above tables are constructed show that this rule is not strictly true, but 
is nearly so in most cases for small intervals of temperature above or below the boiling 
points: hence, in onler to correct boiling point obseirations for the variations of 
atmospheric pressime, it may be assumed without sensible error that a difference of 
pressure equal to 2’7 millimetres of mercury causes a difference in the boiling points 
of all liquids, equal to that which it produces in the case of water, — namely, 0-1° C. 
(see pp. 85 and 92.) 

Tension of the Vapours of Mixed Liquids and of Saline ^Soig^^w^.—Regnault’s 
experiments on the tension of the vapour of mixed liquids prove that : (1) when two 
liquids exert no solvent action upon each other, as water and sulphide of carbon^ water 
and bichloride of carbon (CCD), or water and benzene, the tension of the vapour which 
rises from a mixture of them is very nearly equal to the sum of tlie tensions of the two 
sepsirato liquids at the same temperature ; (2) with water and ether, which dissolve 
t‘ach other to some extent, but not in all proportions, the tension of the vapour of the 
mixture is much less than the sum of tensions of the separate liquids, being scarcely 
equal to that of ether only ; (3) when the two liquids dissolve oach other in all pro- 
portions, as ether and sulphide of carbon, benzene and alcohol, water and ^cohol, the 
tension of the vapour of the mixed liquid is intermediate between the tensions of the 
separate liquids. 

The tension of the vapour of saline solutions has been examined by Be^nault and 
by Wullner (Jahresber. 1868, 42-47 ; 1860, 47-49). Regnault’s expenmenta were 
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place below by a piece of glass rod, one end of which is cemented against the nppet 
Inde of the tube and the other end against the side of the glass globe. Within thii 
tube, which is called the muffle, is placed another tube of \erv thin glass which 
aervcg to contain the substances under experiment. This is held in its place by a 


Fig. 531. 



cork which surrounds its neck and fits tightly in the mouth of the muffle; it is 
surrounded by about 100 gnus, of mercury, intended to facilitate interchange of heat 
between it and the muffle. , 

The second opening, c, carries a horizontal capillary tube, it, about 500 millimetres 
ion^, divided into millimetres, and terminated at the farther end by a small funneh 
This tube, which should be perfectly cylindrical, is cemented to the glass globe by 
marine glue, so that, when needful, it can be easily removed and cleaned. 

The third opening carries a steel piston, d, wliich, by moans of a screw, can be 
raised or lowered so as to increase or diminish somewhat the capacity of the globe. 

The globe itself is supported upon a thick .ring of cork and enclosed in a bO^ 
lined with wadding or swan’s-down, and surrounded by a double casing filled with 
wafer. It is filled with mercury, with the precautions necessary to exclude any trace ^ 
of air, and the extremity of the column of mercury is adjusted by moving the steel 
piston, d, up or down, so as to be exactly at the zero point of the divisions of the tube.. 

In using the instiniment, the substance whose specific heat is to be determined, 
ia introduced at a known temperature into the muffle, or into the glass tube inside 
it. Tlie substance then parts with its heat to the mercury contained in the globe of 
the calorimeter, causing it to expand, and the expansion read off on the tube tt is a 
measure of the quantity of heat thus imparted to the mercury. In order, however, 
to compare the indications of this instrument with those of tlio watcr-calorimetcr, it is 
needful to know the number of divisions of the tube tt which correspond to the effect 
of a unit of heat, or gramme-degree. For this purpose Favre and Silberraann 
graduated their instrument as follows: — A few scraps of platinum wire, and 4 or 5 
grammes of distilled water, are placed in a pipette of the form shown in^. 532. The 

pipette is heated over a spirit- 
lamp until the water boils, the 
fiame being occasionally passed 
along the point a, so as to heat 
it sufficiently to prevent the con- 
densation of steam, and the 
of water is remove^ifttm theeid 
by a piece of sa 

that the steam have free 

issue into the airjpTthe moment 
of beginning the experiment. 

The lamp is then removed for an instant; the ebullition ceases, and at the same 
moment the point of the pipette is rapidly introduced to the bottom of the tube con- 
tained in the muffle, the pipette being simultaneously turned round through 180® 
about the axis ab. The lamp is then again brought near the pipette, and the cork 
which closes the upper end is removed, so that no steam may follow the water into the 
muffle. As soon as the mercury-column in tt has reached the extreme point, the 
temperature^ of the water is taken by a small and sensitive thermometer ; and the 
experiment is completed by weighing the glass tube with the water contained in it. 

If the weight of water be P, and the number of degrees through which its tem- 
pemture falls after being introduced into the tube of the muffle be T, the number of 
units of heat imparted to the calorimeter will be PT. If this quantity of heat 
causes the mercury to advance through N divisions of the tube tt, the amount of 


Fig. 632. 




TENSION OF VAPOURS. 




made by means of the apparatus represented in fig. 543, p. 92 ; Wiillner employed 
a differently arranged apparatus, but one which depended ou essentially the same 
principles. It results from these investigations that the tension of the vapour of a 
8oluti<m is less than that of the vapour of pure water at the same temperature, and that 
in the case of efflorescent salts and of salts that are permanent in the air, the diminu- 
tion of the tension of the vapour cunitted by the solution is exactly proportional to the 
quantity of salt dissolved in a constant weight of water, but in the case of deliquescent 
salts it is proportional to the quantity of hydrated salt dissolved : r. y., for a solution 
of potash, to the quantity of KIIO. 211-0 ; Vor a solution of soda, to the quantity of 
NallO.I ; for a solution of chloride of calcium, to the quantity of CaCRGlI'^O. 
Tin* absolute amount of diminution of tension depends on the temperature, and becomes 
gj*. nter as thf* temperature rjses. 

Teniion oj Vapours in an umvcnlg h ateil space. — In an enclosed space, the tempe- 
raturo of which is different at different parts, the vapour of a liquid can assume a state 
of statical equilibrium only when its tension is equal to the maximum tension corre- 
sponding to the temperature of tlie coldest part of the space. If the vapour has, to 
begin with, a greater tension than this, liquefaction will take place in the coldest part, 
since the pressure is greater than that whicli tlie vapour can sii[)port at the tempo* 
rature of this part, and this process will continue until the tension tliroughout 
the whole space is reduced to the point already stated. It is upon this principle 
that the process of distillation, and the action of tlie. condenser of the steam engine, 
dep(*nd. 

Comple te Vapnri.mtion of Liquids under great j)r€ssurcs. — When the temperature of 
a liquid is raised sufficiently high, vaporisation ociairs under the highest nressure to 
whicli the substance can be subjected. Alcohol, ether, or rock-oil, enclosed in a tube 
of strong glass or in^n, is completely converted into vajxmr only when the space not 
oceu{)ied by the liquid is somewhat greater than the volume of the licpiid itself. With 
ro<'k-oil the empty sjiaco may be somewhat smaller than with alcohol, and with ether 
still less. Alcohol when thus heated acquires increased mobility, exjiands to twice its 
original volume, and is then suddenly converted into vaiiour. This eliango takes place 
at 207® C. (404*6® Fah.), when the alcohol occupies just half the volume of the tube ; 
if the tube is more than half filled with alcohol, it bursts when lioated. A glass tube 
one-third filled with water becomes opaque when heatt'd, and bunsts after a few 
.s.M'onds. If this chemical action of the water on the glass bo diminished by the adtli- 
lion of a little carbonate of soda, the transparency of the glass will be much less 
impaired ; and if the space occupied by the water bo | of the wlndo tube, tlie litjuid will 
be converted into va|X)ur at about the temperature of melting zinc (Cagniard de la 
d' o u r). — If liquid carbonic anhydride sealed in a glass tube occupies of the volume of 
the tube at 0®, it neither increase's nor diniinishc.s in bulk when heated, bocauso tho 
iiK'rease of volume produced by h<*ating is just compensated l)y the diminution caused 
by vaporisation If it occupies J of tlie space at 0®, its volume (liminishes wh«*n it is 
lieated, and increases when it is cooled, becaust* the loss by evajxiratiun preponderates 
over the expansion. If it takes up ^ of the space, its v<duTne increascH by heat and 
eontraets by cold, as in a thermometer ; but at f 30® (86® Fah.) Um whole is converted 
into vapour. The gas, which at 0° occupiers the space above tin; lifjnid carbonic anhydride 
would, if condensed, yield ^f volun;-^ of liquid acid; and that which is produced 
at + 30® woidd give 3 (§? Gmelin) of its volume of liquid carbonic anhydride at 0*^. 
(Thilorier.) 

Wlien chloride of ethyl was heated in a very thick sealed tube, the upper surface ceased 
to be distinctly marked at about 170®, and was replaced by an ill (h fined nebulous zone 
possessing no reflecting power; as the temperature rose, this zone increased in width in 
both directions, becoming at the same time more an<l more transparent. After a time, 
the liquid wjis entirely converted into vapour, and the tube became quite transparent 
^d apparently empty. As the temperature fell, the same phenomena W(Te reproduced 
in the opjx)site order (Drion, Ann. (’h. Phys. [3] Ivi. 33). Similar appearances were 
obsen'ed on heating ether in -a scaled tube to aliout 190°. According to Drion, the 
temperature at w'hich ether is completely vaporised, in a space nearly three times 
its origimil volume, is 19 j* 6°. The precise temperatures observed in these experiments 
are, however, of no real significance, unless they are accompanied by accurate determi- 
nations of the corresponding real volumes of the liquid and vapour. 

It has been similarly ob.served by Andrews that when liquid carlonic anhydride was 
gradually heab*d to 31° the surface of demarcation between the liquid and gas became 
fainter, lost its curvature, and at last disappeared. The space was then occupied by a 
homogeneous fluid, wliich exhibited, when the pressure was suddenly diminished, or 
the temperature slightly loweretl, a i>eculiar appearance of moving or flickering striio 
throughout its entire ma.ss. At temperatures above 31® no apparent liquefaction of 
carbonic anliydride or separation into two distinct forms of matter could be effected, 
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ezpansioii, C, 'eacpressed in the same divisions, corresponding to one unit of heat 

wifibe ^ N 

C - 

Fsvre and Silbermann found that, in the instrument employed by them, one unit of 
heat caused the mercury to advance in it by 0*3 millimetre. 

In determining the specific heats of liquid substances by means of this apparatus, 
they are introduced into the tube of the muifle by means of the pipette oo, in the 
manner already described in the case of water, the weight employed being determined 
alter the experiment. 

Another method of ascertaining the specific heats of various substances consists in 
determining the quantity of ice which can be melted by the heat given off by a known 
wei^t of each while cooling through the same number of degrees. A known weight 
of the enhance to be operated upon is heated to a determinate temperature, us 100° 
and then placed in a cavity scooped out of a block of melting ice and covered by a 
second slab of ice. The temperature of the substance is thus brought down to 
that of melting ice, and a quantity of ice is melted— tli at is, a quantity of water 
is fonned — proportionate to the quantity of heat which the substance gives out is 
cooling to this temperature. 

This method, however, though very simple both in principle and in execution, 
cannot be made to give very accurate results; for there is great difficulty in determin- 
ing with exactness the quantity of water formed, and a small error committed here 
will introduce a large error into the estimate of the quantity of heat given out by the 
body in cooling, since as will be seen hereafter, the quantity of heat needed to 
convert one part of ice into water would be sufficient to raise the temperature of 79^ 
parts of water one degree. 

A third method, called the method of cooling, was employed by Bulongand Petit. 
It consists in determining the length of time which the different substances to bo 
examined require in c«der to cool in a vacuum from one known temporaturo to another, 
each being placed, as nearly as possible, under identical circumstances. 

In order to realise the nccessuir conditions for determination.? of this kind, tlie siib- 
•tances to be examined are all reduced to an impalpable powder, and filled successively 
into the same cylindrical silver vessel, gilded and highly polished externally, in the sxis 
of which is the bulb of the thermoraeter by which the progress of the cooling is to bo 
shown. The silver vessel, supported by the stem of the thermometer, is suspended in 
the middle of a large brass receiver, coated internally with lamp-black, from which the 
air can be completely removed. This is immersed in water at 40° C., and when the 
thermometer inside the apparatus marks 36°, it is transferred to melting ice. The 
thermometer is now watched through a telescope, and the instants at which it marks 
20°, 15°, 10°, and 6°, arc noted. If all other circurantances were the same, tho time 
during wliicli each substance underwent the same fall of temperature, Avould be a mea- 
sure of the amount of heat given out in undergoing this cluingo — that is, of the specific 
lieat of the substance; but Regnaidt, who submitted tliis method to very careful ex- 
amination (Ann. Ch. Phys. [3] ix 327), found that it was impossible to obtain results 
of any value by its application in the case of solid bodies : with liquids, for which tho 
same sources of error do not occur as for soli<h\ it is capable of giving much more exact 
results. 

The difficulties attendant on the exact determination of tho specific heats of gases and 
Tai^urs are very much greater than in the case of solids and liquids. An extensive 
series of experiments on this subject has been made by Regnault (M^m. de V Acad, dos 
Science^ zxvi. 41) with elaborate care, the principle of his mothoa being to observe the 
xlCmtion of the temperature of water, surrounding a spiral tube, caused by the passage 
through the tube of a known quantity of gas which enters and issues from it at known 
temperatures. A description of the apparatus employed in these researches and of the 
methods of experimenting would occupy too much space to admit of its being given 
here ; we must therefore refer for details to the paper already quoted. (A figure of 
the apparatus and a tolerably full account of tho method of experimenting are also 
given in Daguin’s Traitide PhyaiquCy 2nd edit. ii. 276-280.) The principal results 
obtained are enumerated below (p. 35). 

In the following Table are given the specific heats of a considerable number of the 
elementary bodies, acconling to the results obtained by Regnault by the method of 
mixtures. When the specific beat of tho same element has been determined by him 
several times, the most recent result is riven in the Table. The third column rives the 
temperatures ^ween which the specific heats given in the second column were observed ; 
^ numbers contained in the fourth and fifth columns will be referred to presently. 
The specific heats of tho gaseous elements are not included in this table, but will be 
found in a subsequent one, together with the specific heats of some other gases (seep. 35). 
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even wken a pressure of 300 or 400 ™ m So 

similar results (Andrews, in MiUei-’s Chemtcal Phytm, ed. 1863, PP- 828, ^9.) 

r aunt Heat of V avorisation.—yThea. heat is imparted to a volatile hquid, its 
effL irat mc^t toperTtoes, twofold. Part of it goes to incre^e the temperature o 
the liquid, and part to cause vaporisation. But when a I'quui is boiling under constant 
pressure however much heat is communicated to it, the whole of it is abrorbed i“ pro- 
SS^hrsecond of these effecU only. Converse y, when heat is withdrawn from a 
Sfted vapour under a pressure which is maintained constant, the vapour is changed 
“to a^uidf without alteration of temperature. The consumption of heat in vaponsa- 
“on titLut the production of a corresponding elevation of temperature, and its evolu- 
tion’ during condensation, unaccompanied by a corresponding fall of temperature, were 
first obse^ed by Black. These phenomena were described by him by saying that 
during the former process, a certain quantity of sensible heat became '‘‘tent- and hat 
thU latent heat became sensible again during condensation. The q“a»t‘ty “f heat ^at 
must be given to a liquid to convert it into vaiiour. or which must be withdrawn from 
a vapour to convert it into liquid, without causing change of temperature, is stiU spoken 

ofas the latent heat of vaporisation. •« i, f tl.« 

The determination of this quantity is made by determining the sp^ificheat of the 
substance for an interval of temperature within which it passes from the liquid to the 
vaporous state, or vice vend, and is therefore in principle similar to the determination 
of the latent heat of fluidity (p. 77). The following table gives the number of units of 
heat which must be imparted to a unit of weight of various liquids at their respective 
boilinc: points, in order to convert them into vapours at the same temperatures. Ine 
letters FS in the third and sixth columns denote that the determinations were made 
by Favroand Silbermann (Ann. Chim. Phys. [3] xxxvii. 464-470); the letter A 
denotes determinations by Andrews (Chera. Soc. Qu. J. i. 27); and Bg, by 
Regnault. 

Latent Heat of Vapours, 


Substance. 

Latent 
Heat of 
Vapour. 

Observers. 

Substance. 

T^atent 
Heat of 
Vapour. 

Observers. 

Water . * • 

635-77 

FS 

Valeric acid . 

103-52 

FS 


635-90 

A 

Butyric acid . 

114-67 


„ * . • 

636-67 

Rg 

Acetate of ethyl . 

105-80 

»» 

Bromine . • 

46-60 

A 

” ’*11* 

92-68 

A 

Trichloride of phos- ) 
phonis i 

' Sulphide of car- | 

' bon . . ) 

61-42 

n 

Acetate of methyl . 
Formate of ethyl . 

110-20 

105-30 

i» 

86-67 

19 

Formate of methyl 
Iodide of ethyl 

117*10 

46-87 

»» 

11 

Tetrachloride of tin 

3-053 


Iodide of methyl . 

46-07 

>» 

Alcohol . 

208-92 

FS 

Oxalate of ethyl . 

72*72 

>* 

202-40 

A 

Butyrate of methyl 

87-33 

FS - 

Methylic alcohol . 

263-86 

FS 

Ethal . 

68*44 

19 


263-70 

A 

Oil of turpentine . 

68-73 

l» 

A my lie alcohol 

121-37 

FS 

Terebeno 

67-21 

U 

Ether . 

91-11 


Oil of lemons 

7002 


90-46 

A 

j Hydrocarbons from- 



' Amy lie ether . 

69-40 

FS 

i amylic alcohol : 

59-91 


^ Acetic acid . 

101-91 


! (a). (B. P.205®) 

»» 

j Formic acid . 

\ 

120-72 


1 (6). (B. P.250®) 




The latent heat of vaporisation varies with the temperature at #mch the vapour is 
formed; more heat is for instance required to convert a given quantity of water at 
f)0° into vapour of tho same temperature than to produce the same change in water at 
100®. It was supposed by Watt that the latent heat of vaporisation diminished ex^tly 
at the same rate as the seniible heat increased, so that the sum of the two remained 
constant at all temperatures. But Regnault {Relation des Experiences, &c., 
pp. 635 — 728; also iVorks of the Cavendish Society, vol. i. p. 294) has shown that 
this is not the case. He finds that the total quantity of heat A (expressed in heat-units) 
which a unit of weight of saturated aqueous vapour contains at the temperature t^ C., 
exceeds the amount contained in the same weight of water at 0® by the quantity 
\ sa 606'o + 0'305 1, 

If from this we subtract the quantity of heat which a unit of weight of water at 
contains, beyond that which is contained in tho same wei^t of water at 0® (see Reg- 
nault’s determinations of the specific heat of water at different temperatures, p. 34), 
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TtitUt of Specijio Heats of the Memmts, 


Lithium • 

Sodium 
Magnesium . 

Aluminium ^sp. heat correctec 
for 2 p. c. iron impurity) 
/'liquid 

Phosphorus j 

I amorphous 
Sulphur ^recently melted) 
Sulpliur (native) . 

Potassium . 

Manganese (containing a> 
trace of silicon) . ) 

Iron 

(specimen 1.(1840) 
Kickel - „ 11.(1859) 

„ III. (1859) 
specimen 1.(1840) 
Cobalt • „ II. (1859) 

„ 111.(1859) 

Copper .... 

Zinc 

Arsenic .... 


Selenium 


Molybdenum (impure) . 
Rliodium j"?*™'’" 

Palludiiiiu . 

Silver .... 
Cadmium (containing 1 per| 
cent, impurity) . . J 

Tin 

Uranium (impure) 

Antimony , , . . 

Iodine 

Tellurium . . . . 

Tungsten . . . . 

Gold ' 

Iridium .... 
Platinum .... 
Osmium .... 

; ; ; 

Thallium 3 according to Lamy 


( Nvcod charcoal 
graphite 
diamond 
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we shall obtidn the latent heat L of tlie vapour of water at the temperature The 
values of A and L for various temperatures are given in the next table, together with 
the tensions expressed in millimetres and atmospheres. 


LateiU Ikai of Waters Vapour. 


1 Temperattire. 

Tciwion. 

A 

L. 


rum. 

atm. 



0® C. 

4*60 

0*006 

606*5 

606*.') 

60 

91*98 

1*1*21 

621*7 

671*1 

100 

760*()() 

1*000 

637 0 

636 •> 

150 

3581*23 

4*712 

652*2 

500*7 

200 

11688*96 

15*380 

667*5 

464*3 

230 

20926*40 

27*535 

676*6 

441*9 


The following formul® represent in like manner the results of Ilegnault’s deter- ™ 

minations (M4m. Acad. Sciences, xxvi. 881) of the total heats of vaporisation of several ' J 

other substances at various temperatures : 

Sulphide of carbon: A = 90 0 + 0 14601 t - 0 0004123 t\ 

Ether: A = 94-0 + 0*4500 / - 0*0005565 CK 

Benzene: A = 109*0 + 0*2443 t - 0*0001316 

Chloroform: A ~ 67*0 + 0*1376 t. 

Perchloride of carbon (CCl^): A = 62*0 + 0*1463 t - 0*000172 t\ 

Acetone: A = 140*5 + 0*3664 - 0*000616 


The following table gives the total heats of vapori.sation of some additional liquids 
at the temperatures at which they boil under the ordinary atmospheric pressort 
{tbid. 913) : 


Substance. 

n<.fling 

'I'otal 
M<Mt of 
\’aporis«- 

tioi). 

1 

1 Substance. 

Ooilitig 

I'uiiit. 

Total 
Heat of 
Vaporisa- 
tion. 

Alcohol 

78*20® 

265*52 

Bromine . 

60® 

50*95 

Aiiiylic alcohol 

132 

211*78 

(’Iiloride of tin 

114 

46*84 

( )il of IciiiOns 

I7t*80 

16(1*49 

' Chloride of ar«eiiic . 

133 

69*74 

( )il of turpentine . 

Petrol one 

1 /' *15 ' 

1 

139*15 

194*87 

j 'I'riehloridt! of phoH- 1 

1 ]>lioruH . j 

73*80 

07*24 

(’Iiloride of ethyl . 
j Iodide of ethyl 

12*50 

97*70 

58*95 

1 Acetate '»f ethyl 

74 

154*19 


Kegnault finds, as the result of direct experiment.s {ibid. 903), “that the total heat 
of vaporisation of a liquid in a current of gjui is equal to that which the huiuo liquid ab- 
^Korbs when itlwils in an atmosphere formed by it.s own vapour, and exerting an elastic 
force equal to that actually acquired by the vapour of the liquid in the current of gas." 

Coid produced hif Valorisation. Liquef ivction of Gases . — When the evaporation of 
a liquid is hastened by reducing tlie [•ressure upon it and continuajly removing tho 
vapour which forms, or by exposing a large surface and rapidly renewing tho atmo- 
sjthere in contact with it, tho consequent absorption of heat is such, in tho case of the 
nmro volatile liquids, as to produce a very considerable fall of temperature. Water, 
for instance, may be frozen by placing it under the exhausted receiver of an air-pump 
near a vessel of strong sulphuric acid (Leslie). The rapid volatilisation of more 
volatile liquids produces still more striking results, and in fact constitutes the most 
effectual means known of proflucing extremely low temperatures. 

By causing a rapid stream of dry air from the bellowii of a glass-blowers’ lamp to 
bubble by several tubes at once through alx>ut 200 grammes of ether, Ijo ir and Dr i on 
(Bull. Soc. Chim. Paris, i. 184 ; Seance du 22 Juin, 1860) succeed^ in reducing the 
temperature of the liquid to —34® in 4 or 6 minutes, and maintaining this temperature 
very nearly constant for at least 16 or 20 minutes. At this temperature considerable 
quantities of cyanogen can be condensed at the atmospheric pressure. Tho condensa- 
tion of this gas begins under these circumstances at about — 22® ; by blowing gently 
on the surfaM of the condensed liquid with a common pair of bellows it is immediatelv 
c»u.8ed to solidify. By similar means, sulphurous anhydride is easily liquefied. 
Chlorine does not condense under the common pressure at —34®, but by using liquid 

IIL H 


SPECmC HEAT OF INORGANIC COMPOUNDS. 


The ehert table gives the specific heats of a few substances 'which requirs 

to be taken into aecoimt in calculating the results of the experiments from which the 
Dumbeis in the foregoing and subsequent tables are deduced 


Kame of Substance. 

Brass 

Glass 

Oil of turpentine t 
Water 


Specific heat. 

. 009391 
. 019768 
. 0-42593 

. 100800 


Temperatures between which 
the specific heat was observed. 

98® and 12® 

. 99 „ 14 

98 „ 15 

. 98 „ 13 


Numerous determinations have been made by Regnault of the specific heats of inor- 
ganic compounds. A selection from his results, sufiicient to show tneir general nature, 
is given in the next table. The temperatures between which the determinations were 
made are not given in the table, but were in all cases a temnerature approaching 
100" C., and a temperature near that of the atmosphere. In the case of substances 
which are soluble in water, or capable of being chemically acted on by it in any way, 
the calorimeter was filled with oil of turpentine. The different substances enumerate 
in the table are arranged in groups according to their chemical compositipn. 


Tad/e of Specific HcaU of Inorganic Compounds, 


Name of Substance. 

Formula. 

Specific heat. 

Molecular 

weight. 

Product of 
•p. heat 

X mol. 
weight. 

A.— Diatomic Molecui.es. 





1. Oxides 

MO 




Protoxide of lead (fused) . 

PbO 

0-05089 

223 

11-35 

Oxide of mercury 

HgO 

•05179 

216 

1119 

Protoxide of manganese . 

MnO 

•15701 

71 

11 15 

Oxide of copper 

CuO 

•14201 

795 

1119 

Oxide of nickel (calcined) 

NiO 

•15885 

74-7 

11*87 

Magnesia. .... 

MgO 

•24394 

40 

9 76 

Oxide of zinc .... 

ZnO 

•12480 

81 

10 11 

2. Sulphides .... 

MS 




Protosulphide of iron . . 

FeS 

•13670 

88 

11-04 

Sulpliide of nickel . 

NiS 

•12813 

90-7 

11-62 

,, cobalt 

CoS 

•12512 

907 

11-36 

,, zinc 

ZnS 

•12303 

97 

11-93 

„ lead 

PbS 

■05086 

239 

1215 

„ mercuiy . 

HgS 

•05117 

232 

11-87 

Stannous sulphide 

SnS 

•08376 

160 

12-56 

3. Chlorides .... 

MCI 




Chlori4e of lithium . 

I.iCi 

•28213 

42-6 

11*99 

„ sodium . 

Na(d 

•21401 

68-5 

12-62 

„ potassium 

KCl 

•17296 

74-6 

12-88 

„ silver 

AgCJ 

•09109 

143-5 

13-07 

Mercurous chloride 

. HgCi 

•05205 

235-5 

12-26 

Cuprous „ 

Cu< U 

•13827 

990 

13-69 

1 4. Bromides .... 

MBr 




Bromide of potassium 

KBr 

•11322 

119 

13-47 

„ silver 

AgBr 

•07391 

HE 

13-90 

„ sodium . 

NaBr 

•13842 

hEI^I 

14-26 

6 . Iodides 

MI 




Iodide of potassium . 

KI 

*08191 

166 

13*60 

Iodide of sodium 

Nal 

•08684 

150 

13*03 

Mercurous iodide . 

Hgl 

‘03949 

327 

12-91 

Iodide of silver 

Agl 

•06159 

235 

14*47 

Cuprous iodide ^ 

Cul 

•06869 

190*5 

1809 

B.— Tbiatomic Molecules. 





1. Oxide s ..... 

MO* 




Stannic oxide .... 

SnO* 

•09326 

150 

13'99 







HEAT. 


* .r ; 

evaporating -87°, at which point the 

r;:lto[jSiS'aKsr^^^^^ 

nT:=rortheii^ 

described ‘ ^.xhibited by Carr6 iit the International Exhibition 

Chemical l>hy«ie«, pressure alone, without reducing their 

Several gases can I e lnpufied by . ner ^ ^ necessary pressure can often bo 

ten.perat..re ‘ in a scaled glass tube); under 

attained by j ^ continues to increase untU the point of maximum 

these circumstances, tl e elast e rw com anhydride may 

tension is iTe" ,Ld^fr^^ acicf carbonate of sodium and 


tpnsion is rciicnofi, ana i-uun 

bo iiqueficsl by il» ^^uUt iron^bottle”^^ with a wrought iron 

diluted „„bvdridethus produced is allowed to escape in a 


e acid in a strong wrougnt iron ooiue — - c • - 

Wi fVtn linn 1(1 p'lrbonic anhydride thus produced is allowed to escape in a 
receiver. When the liq . • ^^^gdiately yaporised, and the consequent absorp- 

f-'’'"n:ati “snt^K cmi^^r^ condense to a . white, crystalline 

Si, like snow. The 

i^Xirl’idc aidiydrkle 'could be ’thus pFF^ared was first devised and constructed by 

™r»mi™;'oi b.™ -"a*"-* V ."y «< »• 

-nS‘ !: Ssi .i*. -a,.,. .< 

pressure of about 20 utmospliercs, the second increased it to "P'^"‘f 
E 't't ‘^aTiml^': e^^^rirAer'atdtK^ pf on 

7 f fio i« the ODCII air and to -110<^ under the exhausted receivei of 
~ Many eases w^lien subiccted to this extreme degree of cold, were liquefied without 
theuse^ofthe’condensiiig apparatus; this was the o“®o with chlonne, cyano^n^ - 
inmiia, sulphuretted hydrogen. »™opinretted hydrogen hytoodm j.d, hy^^^^^ 
acid carbonic anhydride, ethylene, nitrous oxido, and oxide of clilome. ^^ luoriu 

silieorSedat^ pressur^f 9 atmospheres. The following wert BoM.fledwhen 

subjected to the action of the carbonic anhydride bath tn vacuo ; 1 ^lide of 

mic acid, sulphurous anhytode, sulphuretted cartoni&hih^^^^^^^^^ 

chlorine, cyanogen, ammonia, and nitrous oxide. The following 69*^ ailicon 

evrat the lowest temperature that could he obtained : eth^denli, 
fluoride of boron, pliosphoref ted hydrogen, hydrochloric acid, no 

The six gases mentioned at the commencement of the . i^^drotren 

signs of liquefaction when cooled by the carbonic anhyi^ide bath tnvem . y g 
and oxygen at 27 atmospheres, nitrogen and nitric oxide at 50, carbonic oxide at 40, 

and marsh-gas at 32 atmospheres. *-11 nrossures but 

Andrews has since succeeded in exposing these gases to still P’'!® 

without producing liquefaction, although a bath of ether carbonic 

was used ; air was retiuced to of its hulk, oxygen to ^ •"®5’ carbonic 

oxide to and nitric oxide to J.,- of its original volume. Hydrogen and 
oxide departed less from Boyle s law than oxygen and nitric oxide. i, • * 

Pisiillation. — One of the processes most frequently resorted to by the chemis 
fer tho pui’pose of separating different substonces is to expose the mixture containing 
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HEAT. 

TM of Speeijic Heats of Inorganic Compounds — eontinued* 


Name of Substance^ 


Formula. 


'ri ATOMIC Molecules continued- 
Titunic anhydride (artificial) 

„ „ (rutile) 

S licic anhydride 
Intermediate oxide of antimony 

2. Sulphides 
Iron pyrites 
Stannic sulphide 
Disulphide of molybdenum 

3, Chlorides 
Chloride of barium . 

,, strontium 

„ calcium . 

„ magnesium 

,, mercury 

,, zinc 

„ lead 

„ manganese 

Stannous chloride 
4. Iodides . 

Iodide of lead . 

„ mercury . 

C. — Tetratomic Molecules. 

1, Oxides . 

Tungstic anhydride 
Molybdic anhydride 

2. Chlorides 
Chloride of firsonic 
Trichloride of phosphorus 

D. — Pbntatomic Molecules. 

1. Simple oxides 
Alumina 

i sapphire . 

Specular iron , 

Arsenious anhydride 
Oxide of cliromium . 

,, bismuth 
„ antimony . 

2. Mixed oxides , 
a. Nitrates. 

Nitrate of potassium 
sodium 
n silver 
h. Carbonates. 

Iceland spar 

Carlmnat. ArragonUo 
of calcium ' «*«=l>aro.d marble . 

’» »i grey 
white chalk 
Carbonate of barium 
„ strontium 

M iron 

8, Sulphides 
Sulfide of antimony 
,, bismuth 
4. Chlorides 
Stannic chloride 
Chloride of titanium 


TjO« 

8i0^ 

SbO^ 

MS* 

FeS* 

SnS* 

MoS^' 

BaCl* 

SrCl* 

CaCl* 

MgCl* 

HgCl* 

ZnCl* 

PbCP 

MnCP 

SnCP 

MI* 

Pbl* 

HgP 


MO* 

WoO* 

MoO* 

MCI* 

AsCi* 

PCI* 


M*0* 

A1»0* 

Fe*0* 

As*0* 

Cr»0» 

Bi*0* 

Sb*0* 

MNO* 

NKO* 

NNaO* 

NAgO* 


CCaO* 


CBaO* 

eSrO* 

CFeO* 

M-S> 

Sb*S* 

Bi*S» 

MCI* 

SnCP 

TiCP 


/ SpeciQc heat. 


f Molecular I $p. beli^i 
weight. I X mot. ! 

weight. I 


i 0-17164 
•17032 


82 


r 14-07 
}13 97 


•19132 

/ 60 

/ 11-48 

■09635 

164 

14-70 

-13009 

120 

1 16-61 

•11932 

182 

21-72 

•12334 

160 

19-73 

-08957 

208 

18-63 

•11990 

158-6 

19-02 

•16420 

111 

18-23 

•19460 

95 

18-49 

•06889 

271 

18-67 

•13618 

136 

1 18-62 

*06641 

278 

18-46 

•14266 

126 

17-96 

•10161 

189 

19 20 

•04267 

461 

19-65 

•04197 

454 

19-07 

•07983 

232 

18 52 

-13240 

144 

19-07 


•17604 

•20922 


•19762 

•21732 

•16695 

•12786 

•17960 

•06053 

•09009 


•23875 

•27821 

•14352 

•20858 

•20850 

•21685 

•20989 

•21485 

•11038 

•14483 

•19346 

•08403 

•06002 

•14759 

•19145 


181-6 

137-6 


103 

160 

198 

153 

468 

292 


101 

85 

179 


100 


197 

147-6 

116 

340 

516 

260 

m 


31-P6 

28-77 


S 20-35 
J 22-38 

26- 71 
23-01 

27- 47 

28- 33 
26-31 


24*11 

2365 

24*39 

20-86 

20*85 

21-58 

20- 99 

21- 48 
21-74 

21- 38 

22- 44 

28-57 
30 97 

38-37 
36 76 


, DISTILLATION. 99 

Uiem to a temperature at whicli the constituent it is wish^^i to isolate rises in vapour 
while the o^ers remain still solid or liquid. The ordinary methods of performing 
this operation of distillation, and the apparatus commonly employed are too 
familiar to every chemist for it to be necc.^ary to describe them hero in detail. (For 
a full descnption of the process and the modilicatioiis that become dtvsirable in parti- 
cular cases, the reader is referred to A Handbook of Chemical Maniptdation by 
C. O re vi lie AV ill i am s, London, 1857, pp. 202-244.) ’ ^ 

A\hen the Ijqnid submitted to distillation is a mixture of two or more substances of 
unequal volatility, the vapour formed when ebullition begins generally contains a 
larger percentage of the most volatile constituent than the liquid remaining in the 
retort. Hence, the composition of tlie liquid alters as the distillation continues, and its 
boiling point rises aecoi-dingly. On the other hand, if the boiling point of a liquid 
n*main.s constant during distillation, it is usually an indication tliat its composition is 
unaltered by the process, and therefore that the composition of the distillate also 
continues the same throughout. The boiling point of a litpiid becomes therefore a very 
useful indication of the uniform or varying nature of tlio products of its distillation, 
and by collecting apart the portions which pass over at different temperatures, a 
mixture of different liquids may often be to a groat extent re.solvetl into itseonstituenhs. 
It seldom happens, however, except with a mixture of two liquids whoso boiling points 
are very distant from each other, that a single operation of this kind gives either con- 
stituent in a state of purity. This is especially the case when tlio distillation is performed 
in a retort or other vessel which allows the vapour to pass to the condenser almost 
immediately after its formation. Under these circumstances, the distillate obtained at 
any period of tlie operation is almost identical in composition with the vapour that ia 
rising from the liquid, and therefore contains a certain quantity of every constituent of 
tho liquid that produces vapour of sensible tension at the ttmiperature at wliieli ebulli- 
tion is going on. Hence, in order to (‘ffect any great amount of separation in this 
manner, the distillate must be collected in separate fractions, each of them corresponding 
to a definite interval of temperature ; eacli fraction must then bo fractionally distilled 
by itself, in tho same way as the original liquid, the products which pass over between 
the same temperatures on the second distillation of the first fractions being collecled 
together; and this process must bo repeated as long as any further separation into 

Fig. 545. 



isti^ constituents can be effected. Tliese numerous re-distillations may often be 
considerably curtailed by using, instead of a retort, a flask fitted with a rather wide 
ranched tube, of the form shown in fg. 545. The therraometer is inserted into the 
pnght hmb of the branched tube, and is soac^usled in the cork or piece of india-rubber 
which holds it in its place, that the tx)p of the bulb is just below the opening of 
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SPECIFIC HEAT OF UTORGANIC COMPOUNDS. S8 


TIM» ^ ^teyte Bntutf btorgtmia ChugMnmdt — eontinued. 


Name of Suhttance. 

Formula. 

Specific heat 

M<decnlar 

weight. 

Product of 
•p. heat 

N mot. 
weight. 

£. — Hbxitokzo Molecules. 





1. Sulphates .... 

SMO< 




Sulfate of barium . 

SBaO* 

0 1 1285 • 

233 

26-28 

„ strontium 

SSrO* 

•14279 

1836 

26-36 

„ calcium . 

SCaO* 

•19656 

136 

1 26-73 

,, lead 

SPhO- 

•08723 

303 

26-13 

„ magnesium , 

SMgO* , 

•22169 

' 120 

26-59 

I 2. Carbonates 

CMW 




Carbonate of pofassium . 

CK^O» 

•21G23 

138 

29'84 

„ sodium 

CNa»0» 

•27275 

106 

28*91 

F. — Hhptatomio Molecules. 





1. Sulphates .... 





Sulphate of potassium 

SK»0‘ 

•19010 

174 

33-08 

„ sodium . 


•23116 

142 

32>82 


For a numerous series of determinations of the specific heats of tho isomorphous 
sulphates of the magnesian group, see Pape (Pogg. Ann. exx. 337). 

With regard to alloys of two or more metals, Kegnault found that, at temperatures 
considerably removed fropa their melting jjointa, their specific heats are the means of 
the specific heats of their components. In the following tahhs tho values given in 
the column headed “ Calculated Specific Heats " are ohtainod hy multiplying the 
sneciflc heat of each constituent into the percentage amount of it contained in tho 
alloy, and dividing the sum of all these products for each alloy by 100; these values, 
therefore, would exactly represent tho specific heats of the respective alloys if tho 
above rule were ri^rously true ; tlie correspondence between them and tho results of 
direct observation is suflfieient to show that the rule is, at least, a close approximation 
to tlio truth. 


Specific Heat of Alloys. 


Composition of Alloy* 

Observed specific 
heat. 

Calculated specific 
heat. 

1 at. lead + 1 at. tin 

0-04073 

0-04039 

1 ,, -f 2 at. tin . . . . 

-04506 

•04461 

I „ + 1 at, antimony 

1 at. bismuth + 1 at. tin .... 

•03880 

•03883 

•04000 

•03987 

1 „ -4- 2 at, tin . . . 

•04604 

•04416 

1 »r +2 at. tin + 1 at.- antimony . 

1 M +2 at. tin + 1 at. antimony 

•04621 

•04564 

+ 2 at zinc 

•05667 

•05479 


In the case of alloys which, at the temperature of observation, were approaching 
their melting points, the observed specific heat was always considerably higher than 
that calculated as above. 

The specific heats of a few liquids are included in the tables already given (pp. 30 
and 32) : we append here the results obtained by Person (Ann. Ch. Phys. [3J xxi. 
333; xxiv. 136), H. Kopp (Pogg. Ann. Ixxv. 98) and Favro and 8ilbermann 
(^yj^ptea ron<L xxiiL 624 ; also Ann. Ch. Phys. [3] xxxvii. 464-470) for some 
ad^Uonal liquids, simple and compound, Favre and Siibermann’s experiments were 
ma4to by cooling the liquids in the mercurial calorimeter (p, 28), from their re8p«d:.ivs 
boiling poials to temperaturee nearly equal to that of the surrounding atmosphers. 


Voi. in. 


D 
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HEAT. 


. , ».=.>« t/. file condenser. In an apparatus tlius 

the side branch by which the c^m in contact with a considerable swface 

arranged, the vapour rising f™™ “^^Vre it is able to leave the distilling vessel: the 
of glass cooldd by contact with he air, bej^ ’i;,;fthe surface of the boiling Uquid, it 
consequence is that, in P’^P®^'®? ^ jfrom its less volatile constituents; and the va- 
becomes more and more ““PM j „gej. any stage of the operation, is identical 
pour which ultimately reaches _ ■ , . '„ug,iaed by the repeated i'raetional distiU 

U the most roMIe^rtwns tbs 

lation of the liquid ^ ^ ^av is equivalent to several made 

flask at the time. In fact, “f/-*£‘t\“ofarays ^ the temperature of 

in a retort i, that of the liquid which 

the boiling liquid requires to ^ ^ vapour would he condensed before reach- 

is actually d sti lmg other^^^^^^^^^^^ 

ing the exit tube _ fiistillite which a liquid yields at any period of its distillation 
. ^^rZ?Xll s^vW constituents aUhe 

does not depend sol^ greatly influenced also by their relative proportions 

tcrnperature of distilling a volatile liquid containing a smaU 

f >V of a less volatile one (for instance, benzene containing a little water), it may 

[bus untiUhe whole of the loss volatiiriiquid has been volatiljsed, although the tern- 

A.U • .V r^ 4 V Wnnlrlvti frives the followiiic experiment in illustration of tins Gnec . 
IvL^rtillfd“until ™tto Lre 

voE’ constituent oVing to its greater ^ 

diqtillod most auicklv When the vapour-densities and tensions are inAersely prjpor 
S u'e miXflst distil over un^chan^d. ^Ins influence of 

wanls deprived of its heat of vaporisation— partly by radiation P^*^ £ 

contact with mountain summits, or with the cold air “j ® ^ In this 
returns to the earth in the various forms of ^ tV, gen-level a 

way an immense quantity of water is ^ hefno deSed 

large proportion of which does not fall again directly intP th , » afrea^ and 

on elovatL portions of the land, becomes the inexhaustible ^urce whence 
rivers are supplied. The watery vapour which reache^ the 

of the atmosphere, is there condensed into snow. This, as it falls aga ^ 
ear h, retiinis^ to the condition of water, if the air *™“8h which it pMses m^ufficien^^^^ 
warm to liquefy it; but part of it reaches the earth unmelted, and that which ftUs 
upon regions whoso mean temperature is below zero, accumulates to orm . , ^ 

mCe3 L known as glaciers. Now it is universally admitted by 
at an epoch by no means (geologically) remote, extensive glaciers existed "®“® 

have Wn known within historic timi and that glaciers which stiU exist bad th®^ » 
ve^ much ^ater extent In order to accountfor the former f I®*®"®® »£ ®® 
lawr a quantity of ice at the surface of the earth than that whi^ temper*- 

often been supposed that, at the perimi when this occurred, the mean tempe 


HEAT, 


Specific HeaU of lA^pdde, 


‘Lead . 

Sulphur . • 

Biamuth . . 

Tin . , . ' 

Ciystallised chloride 
cium 

Nitrate of sodium 
I Nitrate of potassium 
Mercury 
Iodine 
Bromine 
Sulphuric acid 
Wood-spirit 


Fusel-oil 


Temperature, 

350^ to 450^ 
120 „ 150 
280 „ 380 
250 „ 350 

33 „ 80 
320 „ 430 
350 „ 435 

44 „ 24 

45 *, 11 

46 „ 21 

43 23 


SpecWc heat. 


Ethal *5059 

Ether *50342 „ 

Formic acid . . . 46 „ 24 *536 ^opp 

Acetic acid . . . 46 „ 24 ’609 „ 

Butyric acid . . , 46 „ 21 ‘503 „ 

Formate of ethyl , . , 39 „ 20 *613 „ 

Acetate of methyl . . 41 „ 21 *607 „ 

Acetate of ethyl . . . 46 21 *496 ,, 

•48344 F. S. 

Butyrate of methyl . . 45 „ 21 *487 Kopp 

•49176 F. S. 

Valerate of methyl . . 46 „ 21 *491 Kopp 

Acetone . . . , 41 „ 20 *530 „ 

Benzene .... 46 „ 19 *450 „ 

Oil of mustard . . . 48 „ 28 *432 „ 

Oil of turpentine , , ... *46727 F. S. 

The specifle heat of water at different temperatures has been determined by 
Regnault (M^m. Acad. Sciences, xxi. 729) from whoso experiments it appears that 
the quantity of heat expressed in heaUuniU which one gramme of water loses in cooling 
down from to C. is given by the formula, — 

Q = ^ + 0-00002^ + 0*0000003 

and the specific heat C at the temperature that is to say, the quantity of heat 
required to raise one gramrao of water from to (t + 1)°, by ^e formula, — 

C = 1 + 0*00004 f + 0*0000009 f*. 

From this formula, the following numbers are obtained : 




The specific heat of ice b considerably leas than that of liquid water, Aecording 
toRegnaultb experiments, it is 0*474 between —78® and 0® C., and 0*504 between 
—20® and 0®, according to the experiments of Person and of Desains. 

It results from Eegnault’s determinations of the specific heats of gases and vapours, 
made in the manner already mentioned (p. 29), that the specific heat of a given 
of a gas which obeys gyle’s law f Gases, ii. 820) does not alter with variations 
either of temperature or of pressure. Tois was found to be true of atmospheric air 
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tnre oftlieeai^ wss conaderablvlojrcrthanrt But,»8Tyud8n lm« pointnl 

out (Heat eonatdertd as a Mode of Motion, pp. 192, 193), evou admittiiiR such to 
have been the case, the observed result would not have followed. If o.ld is iiecessarv 
to condense the vapour of water into ice, heltt is no less needed for the fii-st production 
of the vapour, lienee the condition of the earth whicli is in renlitj- indieahil hv the 
vast development of glaciers in former ages, is one in which the process of distillation 
went on more rapidly. These considerations hare been recently carried farther by 
Frankland. He has shown, by the comparison of welhestablished data, that the 
height of the line of perpetual snow above the sea-level at ditTerent parts of the earth, 
dejxmds, not only upon the temperature, but also upon the amount of atmospheric pre- 
cipitation which fake.s place; and he concludes, from 'J'yndalJ’s experiments on the 
ab.<orption and radiation of heat by aqueous vajiour (see Kadiation of Hkat), that 
tlie condensation of the vapour contained in the atiiio.sphere takes place chiefly by the 
direct radiation of its Jieat of vaporisation into space. Jf this conclusion is correct, 
condensation must liave occurred with nearly equal rcadineiss at all stages of the earth’s 
history, and all that was therefore necessary to eaust* a greater atmospheric pr(*eipit 4 i- 
fion in past times, was a more rapid supply of aqueous va|s)ur. lienee, according to 
Irankland, the glaeml epoeli ot the g(‘ologists is an indication of a higher mean tempe- 
lature of the earths surface in former ages, ami nut ot a lower temperature. The 
eliniatological conditions of this epoch ho ooiisider.s to have been a iioeessary eonseqiieneo 
(f the continuous cooling of the earth s crii.st from llu' high t<*mperatiii’e wliieh it i.s 
admitted to have had at a still earlier era to that which it has at present. In the 
earlier ages allnd»*d to, the temperature of the earth is supposcnl to have been such that 
a great part of the waters of our present ocean must have existed as vapour; and not- 
withstanding that rapid conden.sation of tliis vapour must have oeeurreci, tlie surface of 
the earth was too hot to allows the precipitated water to accumulate as ie(\ Ihit ii.s the 
cooling progressed, the temperature of the land would fall more quickly than that of 
the ocean ; hence a period would arrive when the fonner w'ould be so far cooled that 
ice could ac.mmulate upon it, w’hile the temperature of tlie water still remained such 
that evaporation, and con.sequently conden.sation, went on much more rapidly than at 
present. It IS during this period that, according to Frankland, the gl.icial epoch occurred. 
Jfs CCS, safion he attributes to tlio further action of the same cause as that w'liicli pi-odueed 
It ; namely, to the progressive cooling of the earth, which has now arrived at such a 
point that eva|Kiration no longer fakes place with sufficient rapidity to supply the 
materials required for tlie formation of the enormous glaciers of former ages. It is 
mipossihle to discu.s.s here the cause of the former high tmnperature of the earth’s sur 
face, indicated by tlie tropical fauna and flora which preeeiled the glacial epoch and 
according to Frankland, by tlie glacial epoch il.self; but it has been proved bv 
I homson that, for ages long anterior to either of the periods referred to, the internal 
lie.at of the earth can have produced no sensible effi-ct upon the climate of the surface. 

Jmst as in the process of di.stillation, as earned on in the labtiratory, there is a truns- 
ItTcnce of heat from the retort to tlie condenser, and consequently a constant teiidenev 
to the approximation of their temperatures : so one of tlie effects of the great natural 
I-rocess of distillation is the partial equali.sation of the t<*niperature of different T»arts oi 
tile earth s surface, and of the different strata of the atmo.spheiv. 

V arioi^ mstniments and processes, mostly depending ou prineijiles already explained 
n tins article, have heen proposed for measuring the quantity of aqueous vamur exist- 
ng in the air at any given time. A full description of all the most important of them 
will be found in the article HyonoMF/rKu. 

Slulimation.— W hen, during the di.stillation of a volatile sub.stance, the temperature 
K vapour which enters it passes at once into the 

ftoliO state, without previous liquefaction, the process is called sublimation, and the 

re.sorted to for the purification of eub- 
tancca which volatilise rapidly at temperatures below tin ir melting points. 

structure— Sorav solid substances arc capable of existing 
h«r.lm.,rcrb?‘ir ^“7® ‘1‘st'nguisbed from each roller by differences of specific gravity, 
f.,rinrt.n ^ optiCTl and electrical properties, &c. Carbon 

mo,bfl'atirns“‘“l “i graphite, and charcoal, as well as in otiier seeondaiy 

ervsfilM^ 1 occurs either as an easily fusible, traimlneent, yellowish 

eolo ,r and « f“''’ 1"“^ "P'''*'*®’ araoT'ioa* «! a brick -red 

b .m.en, « Por "lany other substances, simple and compound. It thus often 
pi'vbal nronert- "’‘"hfications of the same substanro differ more in their 

^ ’7“-2 ®*.'®® aala'tanoes do which are chemically distinct ; and the 

aggn^aiion another, though not amounting to a change of state of 

Ai^'inX "® a phenomenon of the same class as such changes. 

">« the '? ®"®®* '“.^hich this point has Ireen investigaid, 

P g of a solid bod} from one modification to another, is attended eithcf 
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tetwoen Uie temperatures of ^ 20^* and 225^ and at pressures varying from 1 to 
12 atmospheres. Consequently the specific heat of a given volume of air, or other 
non-condensable gas» varies directly as its dem^ity. In mps which do not follow 
Boyle’s law, this regularity does not exist: thus the specific heat of carbonic anhydride 
is found to increase perceptibly as its temperature rises, being 0-] 8 42y between — 30® 
afid 10^, and 0’20246 between 10° and 100° and 0‘21692 between 10® and 210°, as 
comp red with that of an equal weight of water 

The following table gives the specific hpats of the various gases and vapours 
examined by Begnault, compared, first, with an equal weight of water taken ns 
unity, secondly, with that of an equal volume of air referred as before to its own weight 
of water os unity. The latter series of numbers is obtained by multiplying the numbers 
expressing the specific heats of equal weights of the various gases or vapours, by their 
respective densities referred to that of air as 1. 

Thble of Specific Heats of Gases and Vapours. (Regnnult.) 


Specific heati. 


• 

Equal weights. 

*Equat Tolumes. 


/Air . 




0*2374 

0-2374 


Oxygen . 




•2175 

•2405 

Simple or 

Nitrogen . 




•2438 

•2368 

mixed gases 

Hydrogen . 




3-4090 

•2359 


Chlorine . 




•1210 

•2905 


.Bromine 




■0555 

•3040 


^Nitrous oxido . 




•2262 

•3447 


Nitric oxido 




•2317 

•2406 


Carbonic oxide . 




•2150 

•237^ 


Carbonic anhydride 




•21 G3 

•3307 

Compound 

: Sulphurous anhydride 



•1544 

•3414 

gases . 

Hydrocliloric acid 




'1852 

•2333 

Siilphydric acid . 




•2432 

•2857 


Ammonia . 




•508 1 

•2990 


Marsh-gas 




•6029 

•3277 


.^Olefiaut gas 




•4040 

•3907 


’’Water 




•4805 

•2989 


Sulphide of carbon 




•1669 

•4122 


Alcohol 




•4634 

•7171 


Met hylic alcohol 




•4580 

•6063 


Ether 




•4797 

1*2267 


Chloride of ethyl 




•2738 

•6096 


Bromide of ethyl 




•1890 

•7026 


Sulphide of ethyl 




•4008 

1-2400 

Vapours . • 

Cyanide of ethyl 
Chloroform 




•4262 

•1667 

•8105 

•6461 

Chloride of ethylene 




•2293 

•7836 


Acetate of ethyl 




•4008 

1-2184 


Acetone 




•4125 

•8264 


Benzene 




•3754 

1*0114 


Oil of turpentine 




•6061 

2*3770 


Trichloride of phosphorus 



•1347 

•6395 


Chloride of arsenic 




•1122 

■7034 


Chloride of silicon 




•1322 

■7778 


Stannic chloride 




•0939 

•8416 


.Chloride of titanium 




•1290 

•8664 


J 


Comparing these values with those given for some of the same substances in pre- 
vious Ubl^, it appears that the specific heat of the same body is commonly greater 
in the liquid than in the solid state, and always less in the gaseous than in the liquid 
state. 

On examining the numbers above given for the specific heats of different bodies, it will 
w seen that tlie specific heat of a substance is not altogether an absolnte and un- 
property : on the contrary, it will be evident that this property, in one 
and the same substance, is capable of considerable variation, depending, (a) on the 
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with development or with to he drawn 

on thia aubject are not anne^ that development of heat 

from them with ™at certainty hut *7 condition to a ayatalline 



usually 

1. If melted augar he allowed to X^yed up, till at last it consists of 

viscid, be the^tcmperaturo of the mass quickly rises ho as to berome 

threads, *®, !“ .^'‘7 , “f,, ’ After this liberation of heat, the sugar on again coohng, 
insupportable to the ^ j minute crystalline grains and has a pearly lustre, 

is no longer a glass, manner, as when a clear stick of barley-sugM 

The same change may occur , ^ ^ (Graham, Elemenia of Chemistn/, 2nd 

becomes white and °P‘‘.‘1''“ „ _j,„cous sulphur obtained by pouring sulphur melted at 
ed. i. 46).-2., When Im ^ft jCtol in an air-bath of which the tempera- 

180° or 200° into eol y^^ sulphur, as soon as it reaches 93°, nses 

ture it tl erpasscs immcali.atcly into the hard costallino state which 

Huddenly to 110 , ana i 1 , ordinary temperature (Regnault, Ann. Ch. 

would have a-med gr.^^^ 

Phys. [3] 1. 205). me p octahedral crystalH. The Bume change takes place 

long known to pass gradually int oiriPited or when they are put in contact 

much more quickly when f "acrdy satorated with sulphur, 

with sulphide of carbon pimatic into octahedral snl- 

‘“ ct ruit t e was attLdcd by the evolution of a 

phur which the temperature of the sulphur employed by 12°, or 

quantity of heat sunicicnt to . , J ^ f.A,u>inir amounted to 2*27 units of heat 

which, taking 121') Favr^e who has estimated by an indirect 

per gramme transformation of one variety 

process (Jahresbor. 18o3, p. 23) . . ^ j ^ liberated, when one equivalent 

Sf sulphur into another, finds Uie ^ inVlphido 

(16 parts) of ordinary sulphur IS ^ conversion into the same modification 

of carbon, amounts to 3102 units, ai^^d 1 evolver3804 units of heat.-3. Selenium, 
of one equivalent of constitutes a black mass with a 

when completely melted and P i • ij^^t of obsidian or of black glass, 

hrilliant. surface and a exactly resemb^^j tl 200° or 230° takes 

When this is heated very ‘ ^ at 9C° or 97°. The scleniiun is afterwards of 

place as soon as the ‘bor.u^<;^^» m«ies a^9C^^ 

a bluish grey colour, and has a ^ ^^f nrrey cast iron. The heat 

vitreous, now shows a fine granu ‘ , Recnault as sufficient to raise the tern- 

evolved in the transformation f degrees (Ann. Ch. Phys. 

peraturo of the selenium opera c 1 2 S ^^46 units of heat are evolved when 

fs] xlvi. 290).-4. oriTs’^oL" phosphorus.- 

ono equivalent info calc-spar corresponds to the evolution 

6. The transformation of 1 gnu. a / Cl, pi,ys. fsl ixxvii. 435).— 

of 12 9«nit8of hcat(Favro and Si p,’ ^red metallfo oxides hecomc tern- 

6. Many amorphous minerals and arti P \,ccome crystalline 

porarily incandescent when ^^ight. Gadolinite (silicate of yttoium) 

without haying undergone ^ .por further examples of analogous 

exhibits this behaviour in a ^ 

changes, see Gmelin’s Ha^idbook, i. 1 " ‘A chemical subetance may exist 

The existence of ozone seems ‘°,f an»^^ renders it pro- 

oven in the gaseous state, in more of one modifeion iiit^ the other 

liable that, when such is the case, the ^ temp® ures only slightly 

is attended by calonmctrm phenomena. 1 Upwards, is aSrastance of another 

above the boiling pom of sulphur. <vnd at 800 ai^d u^aru ^ 

kind of difference in ll.o proper les of one the saine ^ 

doubtedly depends on the quantity of heat present in it, wmoiV“ ^ 
cCge tfie one modifteatioA into the other has not been measured. 

i.— Relations of Heat to Chemical Affinity. 
matever maybe f‘V\\utLTaUer^fonsT<:^^^^^^^^^ 
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phy»ic8l stwefnre of the substance, (*) on its temperatnw, (c) oh ite State of 
tion. In illustration of this remark, it will be sufficient to reffer to the specifie heats of 
carbon, silicon, selenium, sulphur, phosphorus, alumina, and carinate of calcium, as 
in the foregoing tables, in eridence of the influence of diflTerences of physical 
condition; to the specific beats of lend, phosphorus, water, and ice, in evidence of the 
effect of differences of temperature ; and to those of bromine, mercury, tin, lead, bismuth, 
water, &c., in the solid and liquid states, in evidence of the effect of the state of aggre- 


In reference to the connection between specific heat and temperature, it may be 
remarked that thta property raries to a greater extent, for a. given interval of tempe- 
rature, near tlio temperatures at which changes in the state of aggregation occur, 
than at a distance from those temperatures. Thus, the specific heat of lead, an easily 
fusible metal, is considerably greater between 10'^ and 100° C. (=0’0314) than it is 
between 10° and —78° C. ( = 0*0306) ; and that of phosphorus, a still more fusible 
substance, shows oven a greater difference when compared between 10° and 30? 
(specific heat = 0*1887) and between —71° and 10° C. (specific heat = 0*1740); 
while the specific heat of platinum, one of the most infusible of all the metals, varies 
to a scarcely perceptible extent at temperatures below 100° C., and only slowly at 
temperatures ediisiderably higher. The mean specific heat of this metal between 0° C. 
and the temperatures enumerated below, was in fact found by Pouillet to be repre- 
sented by tlio numbers contained in the second line of the following table. 


Specific Heat of Vlatinwm. 


Interval of temperature 

0° nml l))(P 

0° and 8000 

no and 500^^ 

0° and 7000 

0® and lOOOO 

Oo and JMO® 

j Moan upecific heat . j 

0*0335 1 

0 03434 1 

003518 

4 

0*03602 

1 0 03728 

0-08-08 


The spe<Mfic lieat of solid bodies therefore increases with rise of temperature, up to 
their molting p»ants, and at this temperature there is generally a further sudden 
increaso of .specific heat of a considerable amount. 

It may be furtln'r noticed that in the table of the specific heats of the elements 
(p. 30), tlio elements are arranged nearly in the order of their specific heats, beginning 
with lithium (specific heat «= 0*941) and ending (if wo disregard for the present the 
lliree elements carbon, boron, and silicon, which are placed togethc^r after the rest) with 
bismuth (specific lieat 0*03 1 ) ; and that this order is also exactly the inverse order of their 
atomic weights, as given in tho fourth column, the atomic weight of lithium ( = 7) 
being le.ss tlian that of any other element included in the table, and that of bismuth 
(« 210) being greater than that of any other element In fact, not only do those 
elements who.se atomic weight is lowest possess, as a rule, the greatest specific heat, 
and \nce wrr.sY?, but the specific lieats of the elements (in tho solid state) are, within 
comparatively narrow limits, inversely proportional to their atomic weights, when 
these, are taken a.s having the values given in the fourth column of the table ; so that 
tho product of tho specific heats of the elements into their atomic weights is nearly a 
cori.staiit quantity ; as shown by the numbers in the fifth column of the table. These 
numbers may bo taken to represent the Atomic heats of the elements, or the relative 
quantities of heat which must bo imparted to, or removed from, atomic proportions of 
the several elements, in order to cause in them equal alterations of temperature. The 
table 6liow.s that tlio atomic heats of the elements are not represented by on absolutely 
constant quantity; but when it is considered that the two factors (atomic weight and 
specific heat) of which they are made up, vary in the proportion of 1 ; 3(V it cannot be 
denied that the^ nro comprised between comparatively very narrow Ibmta ! for (taking 
tijose determinations only which refer to comparable conditions of thflAjreral elements, 
and which there is reason to believe were made upon nearly pure suljj^nces) we find 
(hat they are nearly all included between 6*9 (aluminium, rhodium) .*and 6*9 (iodine), 
the jipeater number not differing much from 6*5. (The high atomic heat of uranium, 
7*4, i.s doubtles.s to be explained by the impurity of tho metal operated upon.) The 
general accordance is amply sufficient to indicate the existence of a general law, 
although the individual results show the effect of some one or more disturbing causes. 
And even if it be admitted that the true atomic heats of the elements under considera- 
tion are really identical, under comparable circumstances, there are several reasons wliy 
the experimental atomic heats, deduced like those in the foregoing table, cannot be 
expected to exhibit the same identity. The most important of these reasons are: the 
una'^idable expmmental efrors attaching to the determination of the specific heats ; 
the imperfect, parity of some of the elements examined ; the circumstance that, although 
most of the determinations were made at nearly the same absolute temperatures — namely, 
between a temperature near 1009 and that of the atmosphere — the different elements 
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actioo that has produced it. The production of heat by cheinicul action, and the 
definite quantitative relation between the amount of heat evolved and the quantity of 
chemical action which takes place, are roughly indicated by the facts of our most 
familiar experience ; thus, for instance, the only practically important m< thod of pro- 
ducing heat artificially consists in changing the elements of wood and co«l> togctlior 
with atmospheric oxygen, into carbonic anhydride and water, and every one knows that 
the heat whielrcan be thus obtained from a given quantity of coal is limited and is at 
least approximately always the same. 

The accurate measurement of the quantity of heat produced by a given amount of 
chemical action is a problem of very great difficulty ; chiefly because chemical changes 
very seldom take phice alone, but are almost always accompanied by physical changes 
involving further calorimetric effects, each of w hich requires to be accurately measured 
and allowed for, before the effect duo to the chemical action can bo rightly estimated. 
Thus the ultimate result comes, in most cases, to be deduced from a great number of 
independent measurements, each of which is liable to a certain amount of error. It is 
therefore not surprising that the results of various experiments should differ to a com- 
paratively great extent^ and that some uncertainty should still exist as to the exact 
quantity of heat corresponding to even the simplest cases of chemical action. 

Beat evolved in rapid Combustions. — The ^'actions in which the evolution of 
heat is most strikingly evident, are of course those which are aceompanied by visible iiieuu- 
desceiice or combustion ; and, accordingly, the earlie.st experiments on the heat of chemi- 
cal action had reference solely to the heat disengaged in rapid combustions. Lav ois i i*r 
and Lapl ace were the fir.st investigators of this subject. Tludr experiments, made 
altout 1780, consisted in ascertaining the quantity of ice wdiieh could be incdted by 
burnijig in a current of air known weights of the substances examined. In 1814, 
Count Kuinford made experiments of asimilar kind by moans of a W'ater-calorimet<*r. 
Ilis chief object was to ascertain the relative calorific values of the principal combustible 
substances in actual use as fuel, and from this point of view his results still pos,soH8 
considerable value, although they cannot lay claim to scientific accuracy. In order to 
counteract the iiifluonco of the air and other external objects nj)on tlm temperature of 
his ealoriun'ter, or at least tx) reduce that influence to a minimum, Ihimford began 
each experiment when the water of the calorimeter was as miieli colder than the sur- 
rounding air, as (he had found by preliminary trials) it would be liotter at the end of tlio 
exjXTiinent. In this way, the calorimeter gained heat from the air during the first, 
lialf of each operation, and lost an almost exactly equal quantity during tlio second 
half, so that the total eflect was almo.st no- 
tiiiiig. This artifice, employed for the first 
tinio by Kuinford, has been adopted in nearly 
every subsequent investigation r<‘latirjg to 
calorimetry. The experiments of Kumford 
were followed by those of C ra wford, Dal- 
ton, and Clement Desormes, and more 
recently by the investigations of I) espretz 
and Du long. The researches of the last 
named physicist were left unfinished at his 
death, but the results obtained appear to 
have been much more accurate than those 
of his predecessors. The most exact and 
comprehensive researches hitheilx) maxle 
into this subject are, however, those of 
I avre and Silbermann (Ann. Ch, Dhy.s. 

[3] xxxiv. 357 ; xxxvi. 6 ; xxxvii. 406), jind 
Andrew's (Phil. Mag. [31 xxxii. 321 arxl 

1 he calorimeter employed by Favre and 
Silbermann in their exfK'riments on ermi- 
bustion in oxygen gas, and in other actions 
whereby large quantities of heat were ge- 
nerated, is iXfpresented in section in fig. »546, 
the scale of which is nno-fitth of that of the 
actual apparatus. The calorimeter, pro- 

px^rly so called, is the cylindrical vessel C 0 C, 

made of copper plated externally with silver 
and brightly polishexl, and closed by a cover 
of the same material. This is sitrrounded 
y a second vessel, />/>, also of silvered copper, but having the pob'shed mirfeufe inside, 

space between C and d being filh d with swan’s down ; outside tliis again ii *||d^iitl 
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are in Mgard to their specific heats* under companble circaiuBtancee at these 
temperatrzres, some being much nearer to their melting point than others, and 
therefore having in general relatively higher specific heats (see p. 86); lastly, 
in a few cases, the uncertainty of the experimental data used in fixing the atomic 
weights. 

The relation of approximate equality among the atomic heats of the elements exists, 
however, only when their atomic weights are allowed to have the values given in 
the table: these values are in very many cases the double of those -given in the 
table of atomic weights, vol. i. pp. 464, 466, and employed in the firat edition of 
this work. If the latter scale of atomic weights be adopted, the elements would hare 
to be divided into two classes: those whose atomic heat is approximately 6 5, and 
those whose atomic heat is approximately 3’2. The fact that, by doubling the atomic 
weights of the latter class of elements, their atomic heats would be brought into 
harmony with those of the former class, is in itself a strong argument in favour of 
such a change; and by reference to the articles Atomic Weights (i. 468-473) and 
CuissiFicATioN (i. 1008, 1009, foot-note) and the article Atomicity in the 8uppi.emknt, 
it will be seen that it is supported by many other considerations, both chemiciil and 
physical. In any case it is certiiin that the numbers in the column headed “Atomic 
Weights,” in the table on p. 30, represent quantities of the various elements wliich 
are calorimetrically comparable ; and it is therefore best to assume those numbers as 
really representing those weights of the elements which, in relation to the phenomena 
of heat, possess the properties of atoms. Whether the chemical atoms of the elements 
are always identical with the calorimetric atoms, is a question that is perhaps still 
open to discussion. 

It is very important, however, not to overlook the fact that the atomic heats of 
boron, carbon, and silicon form unquostionable exceptions to the general rule, and can* 
not be brought into harmony with it, by the adoption of any atomic weights to which 
the present state of chemical knowledge lends any serious support. 

The examples which have been given (pp. 31-33) of the specific heats of compound 
bodies, show that, within certain classea of allied compounds, the same kind of relation 
subsists between thoir specific heats and molecular weights, as has been pointed out 
between the specific heats and atomic weights of the elements. Consequently, tht 
mol(?cular heats of the substances comprised in each such class, or the products of thoii 
specific heats into their molecular weights (see the last column of the table), are 
approximately equal. In Calculating these molecular heats, the atomic weights of the 
elements are taken as having the values which may be deduced from their specific 
licrtts ; those values, namely, which are given in the previous table. Adopting these 
atomic weights, it will bo seen that, as a rule, the molecular heat of solitf compound 
)>o<lies increases with the number of atoms contained in their molecule. For instance, 
tlio molecular boat of the oxides MO enumerated in the table averages about 1 1 ; 
that of the oxides MO'-*, about 14; that of the oxides MO^, about 19; that of the 
oxides M*0*, about 26*5. 

An extensive series of determinations of the specific heats of solid bodies has been 
made by H. Kopp, but the ^dividual results have not yet been published (1864) ; wo 
Nhall, therefore, instead of discussing any'^further the relations between specific heat 
and chemical composition which might be deduced from Regnault’s experiments already 
given, reproduce here the substance of the remarks which Kqpp (Ann. Ch. Pharm. 
exxvi. 362), with his own results before him, makes upon this subject. 

This new investigation has brought to light a considorable number of additional 
examples of solid compounds which, having an analogous aU.»mic CKinstitution, possess 
also approximately the same molecuhir heat. Among these, particular interest 
attaches to the case in which an analogy of constitution is apparent only when the 
atomic weights of the elements are admitted to have the values assigned to them in 
the foregoing tables, and where the formulae previously adopted and the old atomic 
weights of the elements would never have caused any such relations between specific 
hcut and molecular weight to be suBjiectod. Just as the molecular heats of carbonates 
and silica!^, M"CO* and M"8iO*, and of nitrates and chlorates, MNO* and MClO*, 
are approximately equal, so also are the molecular heats of the permangjtnates an<l 
^mhlorates, MMnO* and MClO*, and of the sulphates and chromates, M"SO* and 
M CrO*! The new investigation, however, also furnishes some additional examples 
to the previously known exceptions to the general rule, and, thus supplies further evi- 
dence of the fket that it is possible for bodies of analogous constitution to differ 
considerably in their molecular beats. 

The molecular heat of a compound appears to be governld only by its empirical, 
and not by its rational coostitution. Analogous compounds, in one of which a complex 
group occupies the place of an clcm^'otary atom, were found, even when isomorphous, 



TMiel, acc^ to the 1x>ttom of which b ifl flrhily connected by icrew-bolte. The annnlur 
epace which separates this vessel from h contains water, the temperature of which is 
indicated by the thermometer t, and which serves to neutralise the effect of accidental 
variations of the temperature of the atmosphere. The chamber in which the combus- 
tions take place is made of gilt copper-plate, and is represented by A. When the 
combustions are to be made in oxygen, the gas, previously purified, enters this chamber 
by the tube d ; the products of combustion escape, if gaseous, by the vertical tube and 
pass from thence into the serpentine S, where they give up their heat to the water of 
the calorimeter, and then finally leave the apparatus by the upper part of the tube s : 
when no gaseous products are formed, the extremity of this tube is closed. If the 
substance to be burned is a gas, it enters the combustion-chamber by a jet connected 
with the tube o ; solid bodies are attached to fine platinum- wires, suspended from the 
cover B, which closes the combustion-chamber ; liquids are burned in small capsules, 
or in lamps with asbestos wicks ; charcoal is placed in a sort of sieve, through the 
openings of which the oxygen has access to it. The progress of the combustion can bo 
• watched in the mirror rn through a window in the tube below composed of a triple disc 
of glass, alum, and quartz. The temperature of the water in the calorimeter is kept 
uniform throughout by means of the agitjitor aaa^ which is moved by special mechanism. 
In all cases where it was pmcticable to do so, Favre and Silbermann deduced the 
quantity of substance burned from the weight of the products of combustion. 

The apparatus employed by Andrews was of much simpler construction. When the 
substances to be combined were in the gaseous state, and the products of combustion 
were also gaseous, the two gases were mixed in the proper proportions, as in a eudiome- 
tric experiment, and introduced into a vessel of thin sheet copper, of about 24 cubic 
iuches capacity. This vessel was closed by a screw, through which passed a silver wire, 
insulated from it by a cork, and connected by a thin platinum wire within the vessel 
to a second silver wire soldered to the screw itself. By passing a volhiic current 
through the platinum wire for an instant, it could be heated to redness and the gaseous 
mixture exploded. The copper vessel was introduced into a larger vessel, which was 
filled up with water: this was suspended in a cylinder provided with a movable cover, 
and the wliolo was enclosed in an outer cylindrical vessel, arranged so as to admit of 
its being made to rotate upon its shorter axis. The apparatus having been mounted, 
was caused to rotate, so as to bring every part to a unifonn initial temperature, which 
WM carefully read off by a very sensitivo thermometer. 'Jho thermometer was then 
withdrawn ; the gases exploded; the outer vessel of water closed by a cork; and the 
Jipparatus caused to rotate for thirty-five seconds. The thermometer was then again 
introduced and the rise of temperature ascertained; after which the apparatus was 
made to rohite a third time for thirty-five seconds, and the temperature again obser\’ed, 
in order to ascertain the cooling effect of the atmospliero upon the appar.atus during 
the time that the experiment lasted : it was found that this effect seldom exceeded jJo 
of the total quantity to be measured. 

When solid bodies were burned in oxygen, the combustion was effected in a copper 
vessel, of about 250 cubic inches in capacity, wliich was filled with oxygen ; a knowm 
weight of the combustible was placed in a small platinum dish, and when all was ready, 
it was fired by means of a voltaic current sent through a very fine platinum wdro. Tiio 
vessel in which the combustions took place was immersed in a largo cylinder containing 
a known quantity of water, and surrounded by an outer vessel of tin-plate, to j»revent 
radiation. The copper vessel could be moved up and down in the water by means of a 
lever. Particular expedients wore sometimes required to insure ignition : thus, in 
burning zinc-filings and other metals in oxygen, a small fragment of phosphorus (from 
1 to 8 milligrammes) was employed to kindle the metal ; the weight of the phosphorus 
being known, the heat evolved by it coidd bo calculated and d(^hicted from total 
amount produced. Some of these experiments lasted a quarter of an hour and ^fajk’ards, 
60 that the correction for the cooling effect of the air l)ecame of considerable imf^Htance. 

When the combustions w'ore made in chlorine, the sul)stanco to bo burned Svas en- 
olosed^ in a thin glass bulb, which was broken by agitation after being immersed in the 
gas ; in these <'xi>eriments it was not necessary to apply heat to cause the combustion 
to begin. The cnloritio itself was usually coutained in a glass vessel, filled with it by 
displ^ement ; in the experiments on potassium, a brass vessel was used, perfectly diy 
chlorine haring no action on brass. An excess of the metal was always used, so as to 
insure the complete absorption of the clilorine, and the quantity of the latter substance 
cousum^l was, in most cases, ascertained by weighing the quantity of water which 
rushed into the vessel after the experiment on opening it xinder water. 

The following table gives the quantities of heat, expressed in heat-units (gramme- 
degrees), eimtvcd in the combustion of various elementary substances in oxygen, referred 
( 1) 1 gxy. of each element burned, (2) to 1 grm. of oxygen consumed, (3) to 1 atom 

( ) of the several elements. 
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to have unequal molecular heats ; thus the molecular heato of the amn^onium^eotn- 
pouQc^s are considerably greater than those of the corresponding potassium-compounds, 
and those of the cyanogen-compounds eacceed those of the chlorine-compounds. 

The atomic (or molecular) heat of any body which is contained in a compo^d, or 
may be assumed as one of its constituents, may accordingly be ascertained indirectly, 
by deducting from the molecular heat of the compound that of .whatever other con- 
stituents it contains in addition to the body in question. For instance, if we deduct 
from the molecular heat of a compound of the form (chromate of lead, 

tungstate of calcium, &c.) — which, it may bo remarked, is twice as great as that of 
compounds of the form M‘'0- (stannic oxide, titanic anhydride, &c.)— the molecular heat 
of the base M"0, we get as remainder the molecular heat of the anhydrous acid M^'O* ; 
and the same remainder is obtained by deducting, from the molecular heat of acid 
chromate of potassium, K'-'Cr-O', that of the neutral chromate, K*CrO^. Again: 
the molecular heats of hydrated compounds admit of being regarded as made up of 
tlie molecular heat of the respective anhydrous substances, together with that of the 
water cemtained in them in the solid form. 

Such indirect determinations of the atomic heat of a substance are nevertheless 
somewhat uncertain : not only because it occasionally happens that analogous com- 
pounds, which there is overy reason to expect would possess equal moleculajr heats, do 
nevertheless, according to the experimental determinations of their specific heats, show 
important differences in their molecular heats; but also, and more particularly, because 
tlu^ total uncertainty attaching to the determination of the molecular heat, both of the 
original compound and of the element or group which has to be deducted from it, is 
accnmiiliited upon the relatively small remainder. Hut when such inferential deter- 
minations are made for whole series of corresponding bodies, and not merely for 
individual cast's, the results may bo regarded as sufficiently trustworthy to render 
such considerations as arise from them worthy of notice. 

Tliis is e.spocially the ease wit h regard to the inferred specific and atomic heats of cer- 
tain elements. As already pointed out, nearly all the elements, when examined in the solid 
state, are found to have approximately the same atomic heat — on the average, about 6*4. 
It is now very generally admitted that this — the so-called law of Dulong and Petit — 
Jjulds good for all the elements, and a scale of atomic weights of the elements is con- 
sidered a.s satisfactorily established if the products of these atomic weights into the 
speeiiio heats are nearly equal. In the case of some elements, however, it results, 
bot.li from the older determinations of their specific heats and from Kopp’s newer 
d( terminations, that this . rule is inapplicable ; for example, the specific heats of 
carbon, boron, and silicon, are such, that the proflucts, obtained by multiplying them 
into the resjiectivo atomic woiglits — ^when any values are adopted for these which ciin 
possibly be deduced from clicmical considerations — are always decidedly smaller than 
the corresponding products in the case of other elements whose specific heats in the 
solid state can be investigated. 

But these exceptional or accidental results acquire additional interest when taken in con- 
nection with the conclusions which may be drawn from the molecular heats of compounds. 
Compounds of those elements which obey Bulong and Petit’s law exhibit a regularity 
in thoir molecular heats (A. //.) : such, namely, that thg^ are as many times greater 
than that of an element, as there are eleihentary atoms contained in the respective 
A li 

rom| ounds (that is to say, ^ = G’4 nearly, if n denotes the number of elementary 

iitonis in one molecule of each compound). This regularity appears, not only in alloys 
c'ontaining atomic proportions of different metals, but also in the metallic chlorides, 
bromides, and iodides (see table, pp. 31,32), and has been found by Kopp to extend like- 
wise to compounds of which one molecule contains os many as soxpi, or even nine, 
elementary atoms (such as ZnK*Cl* and PtK*Cl*). It is less disti&|ly recognisable 

in the case of the compounds of the metals with sulphur ( usually less 

than C), and no longer exists for the metallic oxides, which, almost without exception, 
give for the quotient a number decidedly less than 6, and smaller in proportion 

as the number of oxypn-atoms exceeds that of the atoms of metal. For water, con- 
sidered of course in the solid state, this quotient is only about 3, and for the few 
organio compounds which Kopp has examined (such as tartaric acid and canc'^sugar) it 
is still leas. 

The fiwt that this regularity is absent in so many compounds admits of only ona 
explanation — namely, that they contain elements which, at least in these combinationa, 
possess a different atomic heat from that which corresponds to Bulong and Petit’s law. 

It has often been assumed that the specific, and therefore the atomie, heat of an ele- 
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Hmt of Combustion of mmentary Suittmeu in Otygtn, 


Hydrogen « 
Carbon : 

Wood-charcoal . 1 

Gas-retort carbon 
Native graphite . 
Artificial graphite 
Diamond 
Sulphur: 

Native 

Kecently melted . 
Flowers 
Phosphorus: 

(yellow) 


u*mrthe“RfomiT''weK^^^^ ofl’asos i>i( tlon«ry anil thererora tl.o 

nimibers in the above table do not alwav# Rtfreo precisely with those contained in the general table of 
results which he has himself given (Phil. Mag. xxxil. 43'i). 

The following results havo been obtained by the complete combustion of partially 
oxidised substances : 


Unita of heat evolved 


by 1 grin, of 

by 1 grm.of 

by 1 at. of 

Obierver. 

ahbstan*;**. 

oxygen. 

aubatance* 


^33881 

4235 

33881 

Andrews. 

) 31462 

4308 

34462 

Favro & Silbermann. 

17900 

2962 

94800 

Andrews. 

)8080 

3030 

96960 

Favre & Silbermann. 

8047 

3018 

96564 

»» 

7797 

2924 

93564 

,» 

7762 

2911 

93144 

t 

7770 

2914 

93940 

tt 

2220 

2220 

7 1040 

»» 

2260 

2260 

72320 

Andrews. 

2307 

2307 

73821 

5747 

4454 

178157 

n 

1.330 

6390 

86160 

tt 

1682 

4153 

88592 

»f 

1147 

4230 

135360 

tp 

603 

2394 

38301 

pt 


\ 



Units of liiMt evolved 



Substance. 

Product. 

by I grm. 
of sub- 
stance. 

In formal ion of 1 mole- 
cule of the ultimate 
produi t. 

Observer. 


Carbonic oxide . 

CO’ 

(2403 

J2431 

67284 

680G4 

Favre & Silbermann. 
Andrews. 


Stannous oxide . 
Cuprous oxide . 

SnO’ 

CuO 

519 

256 

69584 

18304 



The substances enumerated in this table conhun exactly hall as muen oxygen as 
the completely oxidised products, and on comparing the amount of heat evolved m the 
formation of one molecule of stannic or cupric oxide from the corresponding lower 
oxide, with the quantity produced when a molecule of the same product is formj'd by the 
complete oxidation of the meUl in one operation (see previous table), we. find that the 
combination of the second half of the oxygen conUiined in these bodies evolves sensibly 
half as much as the combination of the whole quantity. In the formation of carbonic 
anhydride, however, the second half of the oxygen appears ^ devcloj.e more tlian two- 
thirds of the total amount of heat; but this result is probably due, in part at b-ast, t^ 
the fact that when carbon is burned into carbonic anhydride, a consideratile but 
unkno^vn quantity of heat is expended in converting the solid carbon into gas, and 
thus escapes mea^ment; while, in oarlxinic oxide, the carbon already exists in the 
gaseous form, and therefore no portion of the heat evolved in the combustion of this 
substance, is similarly expended in producing a change of state. 

It seems probable also, that a similar explanation may bo given of the inequalities 
in the quantities of heat produced by the combustion of difforeiit varieties of cur- 
bon and of 8ulphur,-that is to say, that a portion of the heat generated by the 
combustion of diamond and graphite goes to assimilate tlifur molecular condition to 
that of wood-charcoal, and that there is an analogous expenditure of heat in the com- 
bustion of native sulphur: indeed, with regard to the latter case, it is proved by direct 
experiments (sec p. 102), that the opposite change to that supposed to ^ place here 
of recently melted sulphur into the same molecular condition as native aulpbur Mi 
accompanied by disengagement of heat. ^ 
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ment may be in eertain oomponnds fh>m what it ia in the firee state, and that 

it may be diflbrcoit in one oompoond from what it is in another. Bnt, according to 
Kopp. the only ground fbr such an asstmiption is that by means of it the calculated 
modular heats of compound bodies can be brought into closer agreement with the 
resnltsof experiment; for, as he remarks, the Tariations which the specific heat of an 
element must be supposed capable of undergoing when it enters into combination (if 
Dulong and Petit’s law be t^en as applicable to all elements in the free state^ are 
much greater than the variations, dependent on differences of piiysical condition, 
which have ever been actually ob 8 er\»ed in the case of an accurately investigated 
element> On the contrary, it appears that, in many compounds, the elementary atoms 
of which they are compost retain the atomic heats which belong to them in the free 
state ; and that, moreover, the atomic heats whicli can be indirectly calculated for 
certain elements, notwithstanding their disagreement with Dulong and Petit’s law, 
accord veiy closely with the atomic heats which result from the direct investigation of 
the same elements in the free state. Kopp accordingly maintains tliat — although these 
last-mentioned facts render the calculation of the molecular heat, and thcncc of the 
specific heat, of compound bodies from the atomic heats of the elements much more 
difificult, and although they make the agreement between tlie results of calculation and 
those of direct observation much less complete — every element, when considered in 
the solid state, and at a temperature sufficiently removed from its melting point, 
possesses one essentially invariable specific heat, which it ia true may vary somewhat 
with diflferences of physical condition — such as greater or leas density, amorphous or 
crystalline structure, &c. — but not to such an extent as some of his determinations of 
specific heat would require, if Dulong and Petit’s law were really applicable to all the 
elements; and further, that the specific heat of each element in the free state is 
Ofisentially the same as that which it possesses in its compounds. 

By deducting from the molecular heats of the various oxides the atomic heats of 
the metals contained in them, or by deducting from the molecular heats of the oxygen- 
salts those of the groups which are therein united with oxygen (taking away from tlio 
molecular heat of KCIO*, for example, tbit of KCl, or from that of PbSO^ the 
molecular heat of PbS), a remainder is obtained in every case which gives for the 
atomic heat of oxygen a number less than 6 . For the reasons already stated (p. 38), 
the results thus arrived at do not agree so well as might be wishea ; nevertheless, 
Kopp gives it as his opinion that the atomic heat of oxygen cunuot differ greatly 
from 4. 

AVhem the molecular heats of the carbonates M*CO* and M"CO* are compared with 
the molecular heats of the oxides (M")*0* f = 3M"0) and (M")*0*, the molecular 
lusts of the carbonates are found to be decidedly smaller (according to Regnaidt’s 
experiments, as given in the table, pp. 31-33, the molecular heats of the carbonates 
M^C'O* and oxides 3M"0 are, on the average, about 29 4 and 32 85 respectively ; those 
of the carbonates M"CO® and oxides (M'")*0*, about 21’7 and 25'5 respectively). Such 
comparisons show tliat the atomic heat of carbon in these combinations must be 
sssumed to be a^ut the same as that which has been directly found for free carbon 
in the form of diamond; namely, 1 * 8 . Similar comparisons applied to other elements 
lead likewise to the adoption of atomic heats which are much smaller than wliat 
would correspond to the law of Dulong and Petit: for instance, to the atomic heat 2'3 
(nearly) for hydrogen ; for boron, to a number lying between 2 and 3 ; for silicon, to 
4 (nearly); and for fluorine, also to a number which appears to be distinctly less 
than 6‘4. 

The specific and molecular heals of compound bodies calculated with the atomic 
heats thus arrived at for the elements, show, in very many cases, a very satisfactory 
di'gree of agreement with those deduced from direct experiment ; in many other cases, 
however, they show important discrepancies. But equal discrepancies may likewise 
be observed among the molecular beats of amdogous compounds, such even as contain 
elements as corresponding constituents which, wh^en examined in tlie free state, gave 
nearly equal atomic heats. Kegnauit not unfrequently found this difference amount to 
one-tenth of the molecular heats in question ; occasionally it was still greater. 

Kopp considers that the results of bis investigation confirm and widen the conclu- 
«ion, already adopted bv some philosophers, that Dulong and Petit’s law does not hold 
90 ^ for all the so-called elements in the solid state. For a particular group of elements 
It is uUdoubtedly true ; but if it is not a universal law, ana if there are some elements 

^Wch it certainly does not apply, it may be considered doubtful with regard to 
individual elements, whether they ought to be looked upon as agreeing with or as de- 
parting from it. This may be said to be the case with sulphur, for which Kop^s 
deter^nadons, mado between 47® and the temperature of the atmosphere, give 
alonue heat 5*2, nearly, which Ukeudse agrees with the atomie heat of suTphiir as 
indirectly deduced from the molecular heals of the metallic sulphides. 
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In like ihanner, the heat evolved in combuetions may in some cases be in excess of 
that due to the strictly chemical action which t^es place : thus, when the product of 
combustion is solid, part of the heat must be ascribed to the solidifieation of the oxygen 
absorbed. Again, the heat of combustion of hydrogen, as given above, includes the 
latent heat of vaporisation of the water formed. In Andrews’ experiments the 
temperature of the calorimeter was about 20° C. : at this temperature the latent heat 
of vaporisation of 9 grms. of water (the quantity formed from 1 grm. or atom of 
hydrogen) may be taken as = 5500 ; and deducting this quantity from 33,881, we have 
28,381 as the number of units of heat evolved by the chemical combination of 1 grm. 
hydrogen and 8 grms. oxygen, according to these experiments. Favre and Silberraann 
do not give the 'temperature of their calorimeter, but probably the same correction 
may be applied to their experiments without much error: they then give 34,462— 
5500 = 28,962 as the true heat of combustion of 1 grm. of hydrogen. 

The experiments which have been made on the heat of combustion of definite 
compounds, other than the three already mentioned, relate almost exclusively to bodies 
composed of carbon and hydrogen, or of carbon, liydrogen, and oxygen. The results 
obtained by Favre and Silbermann and Andrews are contained in the following table. 
The numbers hero given represent the total heat produced, and therefore include that 
due to the condensation of the vapour of water formed in the experiments. 

Many of these numbers must bo regarded as approximations only (and sometimes 
as not very close ap|)roximations) to the truth. The chief causes of uncertainty with 
regard to them, besides the difficulties inherent in the experimental determinations 
themselves, are tlio different calorimetric properties of the substances examined — 
differences, that is, in regard to specific and latent heats — and, in some cases, their 
admittedly doubtful purity. ITenee it is impossible to trace any exact correspondence 
between the composition of the bodies experimented upon, and the amount of heat 
which they evolve upon combustion. A few general conclusions are, however, indicated 
with sufficient clearness to make it worth while to dwell upon them briefiy. 

In the first place it appears that the licat of combustion of a compound is in general 
less than the heat of combustion of its elements. This rule is verified in the case 
of all the hydrocarbons given in the table, with the exception of olefiant gas, whose 
heat of combustion is almost exactly the same as that of its constituents, according to 
Favre and 8ilbcrmann’s determinations, and somewhat greater, according to Andrews. 
When a hydrocarbon is Inirned into carbonic anhydride and water, the chemical change 
which takes place consists, not merely in tlie union of carbon and hydrogen with oxygen, 
but also in tlieir separation from their previous state of combination with each other. 
Now, it is an almost self-evident proj)(>sition, and one which has moreover received 
direct experimental confinnution, that whatever may be the calorimetric effect of any 

S ’ven chemical change, tlio calorimetric effect of its reversal is equal and opjxjsite. 

once, if wo suppose the comhination of carbon and hydrogen to form marsh-gas, 
for example— to be accompanied by evolution of heat, wo must supjx)se that their 
separation is attended by the disappearance of an equal quantity of heat. The heat 
produced by the combustion of one molecule of nmrsli-gas, CH\ is tlierefore less than 
the quantity due to the combustion of one atom of (gaseous) carbon and four atoms of 
hydrogen, by the quantity of heat absorbed when these atoms separate from combina- 
tion witli each other. Assuming (for want of more certain data) that the heat of 
combustion of an atom of gaseous carbon is twice that of a molecule of carbonic oxide, 
we have, for the heat of combustion of C + II* (in round numbers), 134,600 + (4 x 34,460) 
= 272,440; hut the heat of combustion of CH* is 209,000, which gives 272,440 --209,000 
t= 63,440 as the number of units of heat produced by the combination of 1 atom of carbon 
with 4 atoms of hydrogen, or absorbed when tliese atoms separate. In like ra«nner, 
we have, for the boat of combustion of + 1I‘, (2 x 134,600) ■+• (4 x 34, 460 ) jp 407.040 
units ; and deducting from this the heat of combustion of olefiant gajijrae have 
407,000 — 332,000 = 75,000 for the calorimetric effect due to the separation atoms 
of a molecule of olefiant gas from each other. The difference between 63,40^tlhe heat 
of formation of CH^) and 75,000 (the heat of formation of C^H*), namel]^ 1,600, may 
perhaps bo taken as representing the calorimetric effect of the combination or separa- 
tion of the two atoms of carbon contained in olefiant gas. The fact that the heat of 
combustion of olefiant gas, as found by direct experiment, is very nearly equal to the 
sum of the heats of its constituents, when the heat of an atom of carbon is taken at 
96,960 units, the quantity deduced from the combustion of wood-charcoal, probably 
indicates that the heat of vaporisation required to change the physical condition of 
two atoms of carbon from that of wood-charct^al to that which it has in the form of 
olefiant gas, is nearly the same as the heat required to separate the atoms of a molecule 
of olefiant gjis from each other. That the heat of vaporisation of carbon is very con- 
siderable is flirther indicated by the great difference, already alluded to, between the 
ealorMc effect of the first and second atoms of oxygen contained in carbonic anhydride, 
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In ffeneniV the mojecularheat of a componnd incre^es with its decree of eomplexitjr, 
or with the nvnnber of elemeotary atoms contained in one moleculCf and this more 
especially in the case of such as contain only elements which follow Pulong and Petit’s 
law. Kopp points out that if the application of this rule be extepded to the elements 
themselves, tne fact that a lai^e proportion of them have near!^ tile same atomic heat ; 
may be taken as an indication that, whether they be absolutely simple substances or 
no, they are at least bodies of a comparable degree of complexity i while, on the other 
hand, the smaller atomic heats of some elements would seem to show that they are of 
a lower degree of complexity, or approach more nearly to truly simple bodies, than the 
rest. It would thus appear to be possible for a substance which can be proved to be 
compound, to have the same atomic heat as a so-called element ; for instance, a per- 
oxide, XO, containing an clement whose atomic heat was equal to that of hydrogen, 
namely, about 2'3, would have a molecular heat of about 2‘3 + 4 6*3, that is to 

• say, the same as that of chlorine, iodine, or the metals. 

With regard to the apparent improbability of two so-called elements, which are 
capable of mutually replacing each other in compounds, like hydrogen and the metals — 
or which even appear as corresponding constituents of isomorphous substances, like 
silicon and tin — having unequal atomic heats, it must be borne in mind that this is 
not in reality any more surprising or improbable than that an undecomposible substance 
and one known to be compound, such, for example, as hydrogen and peroxide of 
nitrogen, or potassium and ammonium, should replace each other in compound bodies 
without causing any alteration in their chemical characters, or should even be capable 
of appearing os corresponding constituents of isomorphous substances. 

It still remains to consider, rather more particularly than has been done thus far, 
what it is that is measured under the name of the specific heat of solid, liquid, or 
gaseous substances, by the methods above described. 

In all tlicso metliods of measurement, the heat imparted to the various bodies does 
something more than merely raise their temperature : it causes at the same time, as 
will ho seen by what follows, an expansion or increase of tlieir bulk ; and when the 
'l)odio3 are again cooled, they contract, or diminish in bulk, to an equal amount. 
H<!nco the specific heats, measured as above, are not, strictly speaking, the relative 
quantities of heat required to raise the temperature of the various substances to the 
same extent, but the quantities required to do this, and at the same time to cause a 
greater or less increase of bidk. It is therefore a question for further investigation, 
wliat proportion of the total specific heat of a substance goes to piise its tempera- 
ture, and what proportion to cause it to expand, or possibly to modify it in other 
ways. 

The expansion which accompanies a given rise of temperature is inconsiderable in 
the cjiaeof solids and liquids, compared with that which takes place in gases; bttt it 
would be incorrect to conclude that the proportion of the total specific heat of solid, 
liquid and gaseous suhstiinces respectively, which is expended in causing expansion, is 
in proportion to tlio amount of expansion actually produced in each case. On the 
otlicr hand, ultliough no data exist which make it possible to form a very definite 
estimate of the ratio of the real specific heat to the total apparent specific heat of 
BolidvS or liquids (see, however, p. 44), it is certain that they oppose a much greater 
resist anoo to any force tending to alter their bulk than gases do, and hence the com- 
paratively small amount of expansion which they undergo may require the expenditure 
of os much or more heat than tho relatively great expansion which takes place in 
gases : there is, therefore, no reason to believe mat the ratio of the two specific heats, 
in the case of solid and liquid substances, is a magnitude of a different order from 
W’hat it is in the case of gases, , * 

The ratio of the apparent to the real specific heat of a gas, is ^6 ratio of its 
specific heat under constant pressure (when, therefore, it expands as temperature 
rises) to its specific heat when kept at a constant volume. It is, of co46l|o, the specific ^ 
heat under constant pressure which is determined by the method i^ady described 

29), and which is given for several gases in one of the preceding tables (p. 35). 
That tho specific heat of a gas kept at a constant volume is less than its specific heat 
under a (jO fi^ nt pressure, is obvious from the following considerations. Suppose a 
quantity to have had its temperature raised while the pressure to which it 
; the increase of temperature will have been accom- 
panied by increase of volume. Now, suppose the gas to be com- 

* preip^ so it ''to its original bulk : the result of this compression will be 

to raise its tompfiili||H9i!^ mofe. The gas will now be in the same condition as it 

would have been quantity of heat had been imparted to it without its 

boin^ allowed to it is evident that the same quantity of heat that, is 

required to raise oHInjpeirature of a given weight of gas while tho pressure 
INkiuaiiis constunty ^Wujj^Kn^ to raise the temperature of the gas t + /* degrees if it 
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Seat of Cotnbuetion of Compound! in Oxpgtn. 




Units of heat evolved. 


Marsh-gas 


Olefiant gas . 

Amylene 

Paramylene . 

Hydrocarbon : 

(from amylic alcohol 
boiling point 180°) 

Cetylene 

Metamylene . 

Oil of lemons . 

Oil of turpentine , 

Terebene 

Ether . 

Amylic ether (impure ?) 

Mcthylic alcohol 

Ethylic alcohol 

Amylic alcohol 

Cetylic alcohol: 

(latent heat of fusion 
added) 


Formic acid 
Acetic acid 
Butyric acid 
Valeric acid 
Palmitic acid 
vStoaric acid 


C<H‘®0 

C'®H«0 


Formate of methyl . . oo ” 

Acetate of methyl . . C>H‘0* 74 5342 396308 „ 

Formate of ethyl . . C*H*0« 74 6279 390646 

Acetate of ethyl . . C'H*0» 88 6293 653784 

Butyrate of methyl . C‘H"0» 102 0798 693447 

Butyrate of ethyl . . C'H'W 116 7091 822666 

Valerate of methyl. . 116 7376 8066I8 

Valerate of ethyl . . 130 7835 }018660 

Acetate of amyl . . C’H»0* 130 7971 

Valerate of amyl . . 172 8644 1409668 „ 

PalmiUto of cetyl 1 480 10342 4964160 „ 

(spermaceti) , > . 

Hydrate of phenyl . . C*H*0 94 7842 787148 m 

Sulphide of carbon . . CS* 76 3400 268400 $, 

as well as by the fact that the heat of combustion of a molecule of sulphide of carboo 
exceed the sum of the heats of its constituents. ^ .t. ^ ai. 

It wiU be understood that the foregoing calculations are 
of drawing attention to the necessity of taking account of d// the cbsnge^ wnetnei 


Mde- 

cnlar 

wvtght. 

by 1 grm. 
of tub> 
stance. 

by 1 molecule 
of sub- 
stance. 


<13108 

209728 

16 

} 13063 

209008 


(11942 

334376 

28 

ni868 

332024 

70 

11491 

804370 

140 

11303 

1582420 

154 

11262 

1734348 

224 

11055 

2476328 

280 

10928 

3059840 

136 

10969 

1490424 

136 

10862 

1476872 

136 

10662 

1460032 

74 

9028 

668072 

168 

10188 

1609704 

32 

6307 

169824 


5 7184 

330464 

46 

} 6850 

316100 

88 

8959 

788392 

242 

10629 

267j2218 

46 

2091 

96186 

60 

3505 

210300 

88 

6617 

490936 

102 

6439 

666778 

256 

9316 

2381896 

284 

9716 

2769344 

60 

4197 

251820 

74 

6342 

396308 

74 

5279 

390646 

88 

6293 

653784 

102 

6798 

693447 

116 

7091 

822666 

116 

7376 

855616 

130 

7835 

1018660 

130 

7971 

1036230 

172 

8544 

1469668 

480 

10342 

4964160 

94 

7842 

737148 

76 

3400 

268400 
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BEAL ASD APPAnmrr sPEcmc jieat: h 

it kept et e oom^eat volume. The epeeiSe a' <sotteepoudit»g tip 4 cooatant 
pnesare, is tiierefora to the sjpecifio beat, o, eorrespondiog to a coostai^ ms 

t + f to t. One gramme of air has its temperature raised C. il4»eti there is 
imparted to it 0*23^4 of a unit (gramme-degree) of heat, and it expands at the same 
time, if the pressure remains unidterod, bj ^ of its bulk at 0° 0. Accordingly, if the 
elcTstioD of temperature consequent on compressing a gas by ^ of its bulk at 0^ be 
it is evident that the ratio « 

1 + a ^ ^ 

1 ” c “ 

is the ratio of the specific heat under constant pressure to that at constant volume. 
Clement and Besormes found by direct experiments upon air the value 0-34® for a, but 
it is plain that the unavoidable loss of heat attending such experiments must causa 
the result to be too low. 

A less direct, but far more accurate means of determining the ratio k « 

not only for air but for several other gases also, is afforded by the theory of the pro- 
pagation of sound. The velocity with which a wave-motion, such as that which 
constitutes sound, is propagated through a homogeneous medium whoso elasticity is 
the same in all directions, depends only upon the elasticity, e (see ii. 370), and tho 
density, d, of the medium, according to the equation 



This expression, applied to the movement of a sound-wave through the air, becomes 

■ - yj - 

where g denotes the accelerating force of gravity (“ 9*808 metres « 32*18 feet); 
//at 760 mm. = 29*92 inches; a the weight of 1 cub. cent, of mercury at 0^-’= 13*596 grm.; 
s the weight of 1 cub. cent, of air at 0^ and under a prossuro of 760 mm, mercury 
■= 0*001293 grm. ; M he temperature of the air, a its coefficient of expansion under 

constant pressure (= 0*00367), and k the required ratio •— , Now the velocity of 

sound in air at 0® has been experimentally found to be « 333 metres, or 1092*6 feet 
per second ; hence the above equatioi\ gives 


333 




808 


K 0*76 X 13*596 
0*001293 




or ^ = 1*414. 

The physical reason for the presence of tho magnitude k in the formula for the 
velwity of sound, is that that velocity, being dependent upon tho elasticity of tho air, 
varies with eveiy variation of tho elasticity, and that the alternate heatings and 
coolings, caused respectively by the alternate condensations and rarefactions which 
constitute the waves of sound, are equivalent, in their effect upon the velocity of 
transmission of the waves, to an increase in the elasticity of the air in the proportion 
of 1: A = 1; 1*414. 

In the above formula the magnitudes g, //, <r and a are all independent of the 
p^icular nature of the gas (atleast in the case of perfect gases ; for imperfect gases 
the value of a varies slightly), hence if v and o' represent the velocities with which 
sound traverses two different gases, $ and »' their densities, and k and U the ratios 
of the two specific heats of each, wo have 


o : ff 




or 



SO that the ratio k* for any gas may be deduced from that of, air, 
or the gas and the velocity with which it is traversed by scitod arallipOWm# 
lienee the investigation of this ratio is reduced to 

^ ^*fforent el^tic fluids. For any other Bee tha^ atf, it is i^less 

to tnink of measuring directly tho velocity of propaga|ift 0 ir <if I rcirorso* 

must obvioiulj be had to indurect means. The theoiy <ff imi fliiitmments suggest^ 
^ which^aa first indicated and put in practice by itid Ja^uin. This 

11 “ making tho same pipe, with a flnto iound succensivcly 

^tn ail the elastic fluids, supposed at the san e tempe^^^PR ln dcterminiirg 



ids 4 HYDROGEN, SELENIDE OF. 

eowtitiits the hydrogen repreeentative of o^chloride of phorohonui, namely, E*PO. 
It is prodnoedy together wifii spontaneously inflammable pnosphoretted hydrogen gas, 
by the action of water on phosphide of calcium (i. 719) : 

SPCa + 6H^O « 5CaO -h flPH* (P. Th^nard), 
and may be separated bypassing the gas through a U-tube cooled byafreeadng mixture. 

Into the middle tubulure of a three-necked Woulfe's bottle, holding about a pint, is 
inserted a glass tube 12 inches long and half an inch wide, so as to reach nearly to the 
bottom. To the s^nd tubulure is adapted a tube twice bent at right angles ; this 
tube dips into water and serves for a safety-tube. Into the third is fitted a U-tube of 
inch diameter, immersed to the depth of 6 or 6 inches in a freezing mixture. The part 
which projects above the freezing mixture is bent at a not very acute angle, and drawn 
put at two points not far from each other and near the end, so that, at the conclusion of the 
operation, the liquid may be introduced into the intermediate part of the tube, and the 
parts which have been drawn out closed by the blowpipe. The apparatus being thus 
arrangeci the bottle is three parts filled with water and placed in a water-bath heated 
to between 60° and 70° ; the last-mentioned tube is closed ; and a few drops of phos- 
phide of calcium are thrown through the middle one into the bottle. Tlie gas evolved 
takes fire, and drives out the air through the safety- tube. The U-tube is now to bo 

r ned, and from 400 to 600 grains of phosphide of calcium gnidually introduced into 
bottle: in a few minutes, oily drops of liquid are seen to collect in the part of the 
tube nearest to the bottle. The process must be stopped after 16 or 20 minutes, 
because water condenses in the tube, together with the phosphide of hydrogen, and 
often stops it. The tube is now to bo sealed at the narrowed neck nearest to its 
extremity, then removed from the bottle, and held by the finger (covered with 
caoutchouc to save the operator from being burnt) in such a position that any 
remaining gas may escape ; it is then warmed by the hand to cause the portions of 
liquid which have been separated by particles of ice to run together, and again placed 
in the freezing mixture to solidify the water, and prevent it running back. This being 
effected, the liquid is made to flow towards the sealed end of the tube, and the other 
neck of the tube is closed by the blow-pipe. A well-conducted operation yields about 
30 grains of liquid. 

Liquid phosphide of hydrogen is colourless and does not solidify at —20° ; at 30° or 
40°, it appears to volatilise and to be decomposed at the same time ; refracts light 
strongly. It is insoluble in water. Alcohol and oil of turj^entine appear to dissolve 
it, but it quickly decomposes in the solution. It burns spontaneously in the air, with 
an intensely bright white flame, and produces dense white fumes. It communicates 
spontaneous inflammability to 600 times its weight of phosphorotted hydrogen gas. 

All combustible gases are rendered spontaneously inflammable by admixture with liquid 
phosphide of hydrogen. 

By the action of light it is resolved into solid and gaseous phosphide of hydrogen, 
6PH* P'-*!! + 3PH*. It is also decomposed, like peroxide of hydrogen, by contact 
with various substances. An indofinito quantity of liquid phosphide of hydrogen may 
be decomposed by a cubic centimetre of hydrochloric acid gas. 

Solid Stiosphlde of By dro§reii. P-'H?— When spontaneously inflammable 
phosphoretted hydrogen is exposed to sunshine, a solid yellowish compound is de- 
posited on the sides of the glass, the gas at the same time losing its property of spon- 
taneous inflammability (Leverrier, Ann. Ch. Phys. lx. 176). The same solid com- 
pound is obtained in larger quantity by treating liquid phosphide of hydrogen with 
nydrochloric acid, or by dissolving phosphide of calcium in strong hydrochloric acid, 
the liquid phosphide being then resolved into the solid and gaseous .phosphides (see 
above). Hence spontaneously inflammable phosphoretted hydroge^ passed through 
aqueous hydrochloric acid loses its spontaneous inflammability and a deposit of 

solid phosphide. 

This compound is insoluble in water and in alcohol. It dissolves in warm potash, 
with liberation of non-spontaneously inflammable phosphoretted hydrogen. It hikes 
flre at about 160°, (P. Th^nard, /oc. at.) 

BYBBOOWf 8BXiBNX]IB 08*a H*Se. Selcnhydric or Hydroselenic and. 
Selenietted Hydrogen . — A gaseous compound analogous to sulphydric acid, produced 
by the action of dilute hydrochloric or sulphuric acid on selenide of potassium, iron, or 
other metals. It is colourless and inflammable, soluble in water, and cannot long be 
preserved over mercury. It has a most oflTensive, acrid odour, impairing or even de- 
stroying the sense of smell fur several hours, and producing inflammation of the eyes. Its 
aqueous solution absorbs oxygen from the air, and deposits selenium. It has a hepatic 
taste, a slight acid reaction, and gives with the solutions of most metals, precipitates 
consisting of metallic selenidea, those of manganese, zinc, and cerium being flesh- 
ooloured, the remainder brown or black. (Berzelius.) * 


HEAT. 


42 

pitch of ton* giren hy each gas. Admitting that the flmd eolmnn «a^*d in th, 

fnstrumente«4rienci the same mode of eu^vieion m ev^cwj^that a com. 
apondfl for example, to what is called the fundamental sound,^ or the gravest of all 
those which the theoi 7 of Bernouilli indicates for the same PW we come to 

know the length of a wave, and its duration in each eiMtic fluid ; and conseqnentlj 
the velocity with which a vibration would be propagated in each of them. _ ^ 

The Mowing table exhibits the results of Dulong’s researches on this subject 

(AnD,Cb.Phy8.jdL113): 


/ Namet of the 

1 eJMtic fluldf. ■ 

/ Tones gtren 
by ihe anme 
pipe 60 
centJm. long. 

/ dumber of 
/ vibrations in 
a sexagesimal 
second. 

/ Tempera- 
Iture by the 
centigrade 
therm. 

/ S'umbers 
/ adopted in 
< (he calcula- 
tion for the 
denaity of 
the fluid. 

Velocity i 
the propa 
/ gation of 
sound at 0^, 
I deduced 

1 from the 
tone given 
by each 
fluid. 

Ratio of the 
j specific heats 
/ at a constant 
/ pressure, to 
/ the apecifle 
heat at a con- 
stant volume, 

1 m:k. 

Air . . • 1 

Oxygen . 

Hydrogen . 

Carbonic an- ) 

• hydride ) 

Carbonic oxide 

Nitric oxide • 
Olefiant gas . 

ufi med. 

-si 3 

sol^i 

ut j 

sol ^ 

— se_i 

500*4 

( 474*9 

\ 475-2 ■ 

1 474*5 
< 1883*6 
) 1881* 

( 393*18 
i 392*68 
] 601*3 

1 . 603*07 i 
392*7 
466*9 

22^ 

21 

17 

22 

20*5 

15 

20*5 

16 

1 

1*1026 

0*0688 

1*524 

0*974 

1*527 

0*981 

333“ 

317T7 

1269*6 

261*6 

337-4 

261*9 

314 

1-421 
1*415 
1*417 ■ 
1*413 

1 1*409 
i 1*405 
1*367 

J 1*340 
( 1*423 
i 1*433 
1-343 
1*240 


The slight difference between the value 1-421, obtained by Dulong for the ratio of the 
two specific heats of air, and the number 1*414 already given i.s, in part, due to the 
changes which have Uiken place, since the date of liis experiments, in the adopted value 
of the constants which enter into the calculation. 

Theoretical views of the nature of heat and ‘the constitution of gaseous bodies, 
which will have to be further considered in a subsequent part of this article, lead to the 
conclusion that, for all perfect gases, tho difference between the two specific heats of a 
unit of volume is expressed by tlie equation 



where .d is a constant (the* thermal equivalent of the unit of work), p and i the pres- 
sure and temperature of the gas, and ~ the coefficient of expansion, and therefore 

u n 273 nearly. The right hand member of this equation contains nothing which 
depends on the particular nature of tho gas to which it is applied ; and hence, if the 
temperature and pressure are taken tho same for all gases, the difference 7' --7 will bo 
tho same for all. If the values of y and 7 applicable to atmospheric &iT be dis- 
tinguished as 7 /, and 7 , we have > ^ 

7 - 7 “ 7/“%, 

AU equation which remains true whatever unit of volume is adopteaTand therefore 
also, if with Rogiiault, we take this unit to be the volume occupied by a unit of 
weight of air at the same temperature and pressure as the gas under consideration. 
Therefore 

^ 7/-7 - 0-2374 - 0*1680 = 0 0694 and 7 0 0694. 

By means of this eouation, the specific heats of the various gases under constant 
vo^me may be calculated from their specific heats under constant pressure as given in 
the table on p. 86 . The ttumbers so obtained will refer to the unit of volume adopted 
by Begnault ; to deduce therefrom the specific heats which correspond to a unit 0 / 
pteifiht, these numbera xequiie merely to* be divided by the densities of* the respective 
gases ; and to obtain the heats coinparcd with that of an equal volume of air, 

they must be divided by uTOS^. 



HIDE06ES; SULPHIDES OK . Stejr 

■ 

xnMMMnTg SmtFKlBMI OV» Sulphur unites with hydrogen in t wo p topor* 
tions, forming the protosulphide, ; and the persulphide, probably HS or 
IPrototralpblde of Bydroffotu Svlpkydrio acid, Hydnmdphvirio acid, 

BydrotMomo acid, Suiphuretted hydrogen, —This compound may be formed in small 
quantity by burning aulpbur-vapoar in hydrogen gas, or hydrogen gas in sulphur- 
rapour, precisely as its analogue, water, is produced under similar circumstances Aom 
oxygen and byJrogeiL 

The gas is ordinarily prepared by the action of an acid— sulphuric or hydrochloric 
for instance — upon a metallic sulphide, usually that of iron or antimony. Dilute sul- 
phuric acid acts readily upon sulphide of iron, producing, even in the cold, a rapid 
effervescence of sulphydric acid : 

FeS + H*SO« « H^S + FeSO*. 

Inasmuch as sulphide of iron is an artificial product, nearly always containing an 
excess of metallic iron in admixture, the sulphydric acid obtained from it is generally 
contaminated with free hydrogen ; but the native crystalline trisulphide of antimony, 
being a normal sulphide, when acted upon by boiling hydrochloric acid, yields the gas 
in question in a veiy pure state, thus : 

Sb*S» + 6HC1 = 3H*S + 2SbCl» 

The sulphydric acid obtained from either of these sources may be passed through a 
small quantity of water to wash it, and over chloride of calcium to render it dry. It 
may l)e collected in the gaseous state over mercury, or absorbed at once into water, in 
which it is very soluble. 

Sulphydric acid, more frequently sulphydrato of ammonia, results from the sponta- 
neous decomposition of sulphuretted organic compounds ; also from treating non- 
sulphuretted oiganic compounds with sulphur. Keinsch recommends a laboratory 
process for obtaining pure sulphydric acid, by heating in a glass flask a mixture of 
rH][ual parts of sulphur and suet. 

Sulphydric acid occurs naturally, and is not unfrequently evolved from fumarolesand 
volcanoes. It exists to a considerable extent in certain mineral waters known as hepatic 
waters, those of Harrogate, for instance. It is also produced sjwntanoously in many 
waters charged with organic matter and sulpluitcs, usually sulphate of calcium. 

Propertvs , — At ordinary temperatures and pres8im*s, sulphydric acid is gaseous. It 
may bo obtained in the liquid state by generating it in one limb of a sealed tube, from 
sulphuric acid and sulphide of iron freed from metallic iron, and condensing it in the 
other limb, which should be immersed in a freezing mixture, that of ice and salt being 
sufficient for the purpose ; or liquid persulphide of hydrogen may be gently heated in 
one limb of a bent sealed tube, when it breaks up into sulphur, which remains, and 
sulphydric acid, which may be condensed in the other limb kept cool for the purpose. 

By the powerful refrigeration resulting from the evaporation in vacuo of a mixture of 
solid carbonic anhydride and ether, it may bo solidified. Solid sulphydric acid, or 
sulphur-ico, is a white transparent mass which melts at —85*5°. Liquid sulphydric 
acid is a colourless transparent fluid, remarkable for its extreme thinness or mobility. 

Its specific gravity is 0*9 compared with that of water as 1. Sulphydric acid gas is 
transparent and colourless. Its density is somewhat greater than that of atmospheric 
air, being 1*1781 referred to air, or 17 referred to hydrogen, as unity. It is characterised 
by an offensive odour resembling that of rotten eggs, the smell of which indeed is due 
to the evolution of this gas, or of its compound with ammonia. In the concemtrated 
state it cannot be breathed with impunity, and even when much diluted it fref|ucntly 
gives rise to nausea and vertigo. An atmosphere containing y\j per cent, of this gas 
proves fatal to the lower animals. 

Sulphydric acid is readily inflammable. It bums with a bluish flame, forming sul- 


phurous acid, and frequently deposits free sulphur from the imnerfect access of 
oxygen. Most metals when heated in the gas absorb the sulphur ami leave the hydro- 
gen. Cadmium or tin is generally used for the purpose : Ca* + » Cd-'S + H*. 

The bulk of the resulting hydrogen is equal to that of the original sulphydric acid ; or, 
in other words, two volumes of sulphydric acid, II*S, when acted on by metal, leave 
two volumes of hydrogen. Sulphyctic acid in the gaseous state, or dissolved in water, 
ia decomposed by chlorine, bromine, and iodin^ with bberation of sulphur and forma- 
tion of hydrochloric, hydrobromic, and hydriodic acids respectively. In a similar 
*nanner it is decomposed, with liberation of sulphur, by nearly al] oxidising agents ; 
*M»d even s^phurous acid, which usually acts as a deoxygenant by absorbing oxygen, 
acts in this case as an oxygenant by affording oxygen ; 

2H*S + SO* - 2H*0 + 8*. 

In some cases, however, a peculiar sulphur-acid, the pentathionic, is formed In addi* 
tton, thus: 


ftH*S + 6SO* - 4H*0 H'S^O* ^ 8*. 
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Acooidlng to equation (a) the quotient ^ tm k beeomee 


Ir •- 1 + 


y * a + t 


and it therefore exceeds unity by a quantity urhich is inversely proportional to 7 , 
Further, the general considerations above referred to make it probable that the true 
specific heat of equal volumes of all simple gases is the same, and that the specific 
heat of compound gases is equal to that of the simple gases multiplied by the fraction 
which represents their molecular condensation {e, g, for hydrochloric add the multi« 

plier would be - y -- -« 1 , for water — 1 * 5 , for ammonia ^ ■■ 2 , &c.). 


The following table, which is copied with very sli^t modifications fix>m tables 
given by Clausius (Ann. Ch. Fharm. cxviu. 118) andBu ff (i^. cxv. 312; see also 
pp. 306, 307), and may be considered supplementary to the table on p. 35, gives the 
results of the application of these formula to the gases and vapours which were the 


I. 

Name of gat. 

n. 

Formula. 

HI. 

Density. 

IV. 

Sp. heat 
of equal 
volumes 
under 
constant 
pressure 
Air»l. 

V. 

Specif! 
con Stan 

Equal 
weights 
Water 
» 1. 

VI. 

heat at 
t volume 

Equal 

volumea 

Alr«l. 

VII. 

Value 0 

1 '-*. 

c 

VIII. 

True sp 
heat 
com- 
pared 
with 

1 hat of 
the ele- 
mentary 
gases. 

Air . 




1^0000 

1*00 

0*168 

1*00 

1*413 

1*0 

Oxygen 



Oa 

11066 

1*01 

•166 

1*02 

1*403 

1-0 

Nitrogen , . 



N» 

•9713 

1*00 

•173 

1-00 

1*409 

10 

Hydrogen . 



H* 

•0692 

•99 

2 *4 06 

•99 

1-417 

l-o 

chlorine . 



Cl* 

2*4602 

1*25 

•*093 

1*36 

, , 

10 

Bromine 

, 


Br* 

6-4772 

1*28 

•043 

1*39 

, , 

ro 

Nitric oxide 


* 

NO 

1 0384 

101 

*166 

1 02 

1-403 

1*0 

Carbonic oxide . 



CO 

•9673 

1*00 

•173 

1*00 

1*416 

10 

Hydrochloric acid 



HCl 

1*2696 

•98 

•130 

•98 

, 

1*0 

Nitrous oxide 



N*0 

1*6241 

1*46 

•180 

1*64 

1*243 

1*6 

Water 



H*0 

•6219 

1*26 

•369 

1*36 

1*302 

1*6 

Snlphydric acid , 



H*S 

11747 

1*20 

•184 

1*29 


1-6 

Carbonic anhydride 



CO* 

1*6201 

1*39 

•171 

1*66 

1*206 

16 

Sulphurous anhydride ^ 


SO* 

2-2113 

1*44 

•123 

1*62 


1*6 

Sulphide of carbon 



cs* 

2*6258 

1*74 

•131 

2*06 


1*6 

Ammonia . 



NH* 

•6894 

1*26 

•391 

1*37 


2*0 • 

Marsh-gas . 



CH^ 

•6627 

1*38 

•467 

1*64 

, , 

2 6 

Olefiant gag 



C*H^ 

*9672 

1*66 

*832 

1*91 

1*144 

30 

Alcohol 



C*H«0 

1*6890 

3*02 

*«®8 

8*86 


4*6 

Kther 



cm'®o 

2 6573 

6*18 

*464 

• 6-91 

1-009 

76 

Sulphide of ethyl 



C^H»S 

31101 

6*29 

*378 

700 


7*6- 

Chloride of ethyl 



C*H»Cl 

2*2269 

2*57 

•242 

322 


4 0 

Bromide of ethyl 



C"H‘Br 

3*7068 

2*96 

*171 

3*77 

. 

4*0 

Cyanide of ethyl 



0»U*N 

1*9021 

3*41 

•332 

4*41 


4*6 

Chloroform 



CHCl* 

4*1244 

2*72 

•140 

3 43 


2*6 

Chloride of ethylene 



C»H^C1* 

3 4174 

3*30 

•209 

4*25 


4 0 

Acetate of ethyl . 



C<H"0* 

3 0400 

613 

*378 

6 84 


70 

Acetone 



C*H«0 

2*0036 

3*48 

*378 

4*50 


6*0 

Benzene 



c«n* 

2 6943 

4*26 

•360 

6*61 


6*0 

Oil of turpentine 




4*6978 

10*01 

*491 

13*74 


13*0 

in chloride of phosphorus 


1 PCI' 

4*7464 

2-69 

•120 

3-39 



Chloride of arsenic 



i AsCl» 

6*2667 

2*95 

•101 

3*76 



Chloride of silicon 



1 SiCP 

5*8833 

, 3*28 

•121 

4*22 



Stannic chloride 



1 Sncn* 

89654 

1 3*84 

•086 

4*69 



Chloride of titanium 



TiCP 

6 6402 

361 

•119 

4*68 




T 


subject of RegMult'a experiments. Column I. gives the names of the gases; 
column II. their ehemicM composition: the formuls in this column represent tvh 
volum^ of the several gases : bonce the molecular conjilbisation of each gas is obtained 
by dividing the number of atoms in its formula by Column III. gives the densities 
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HYDROGEN, TELLDRIDE 30j!iV>- 




4 Mtnratod aqueous solution of sulphjdric acid contains about three times Its YoluiQe 
of the gas* It is a clear colourless liquid, haring a slight acid reaction, and the smell 
and taste of the gas. It is g^uslly decomposed by exposure to air, its hydrogen 
being oxhUsed into water and its sulphur set tree, Sulphydric acid when burnt yi^ds 
sulpnurous acid, as we have seen ; but moist sulphydric acid, mixed with air or 
oxygen, and exposed to a moderately warm temperature, from 40® to 90®, is converted 
into sulphuric acid. > 

Sulphydric acid, like water, is capable of giving up the half or the whole of its hy* 
drogen in exchange for a metal, the resulting compound being a sulphydrate or a sul- 
piride, according as 1 or 2 at. H are thus replaced ; e. g. sulphydrate of baritmiy BaHS ; 
sulphide of hanum, Ba*S. It is only the alkali-metals and alkaline-earth-metals that 
appear to be capable of forming definite sulphydrates, all of which are soluble in 
water and crystallisable. The heavy metals form insoluble sulphides, which may be 
derived from a single or a multiple molecule of sulphydric acid, just as the correspond- 
ing oxides are derived from a single or multiple molecule of water: e. g, sulphide of 
silver f Ag*8; mercuric sulphide, Hg^8 or Hhg'S; trisulphide of antimony, 8b^S*, &c. 
(See SvLPHWBS and Sulfutdrates,) 

The sulphides of the heavy metals are precipitated from solution of metallic salts by 
sulphydric acid or an alkaline sulphide or sulphydrate : 

CuSO< + IPS - H»SO* + CuS. 


2SbCl* 

FeSO^ 


31PS 

NH^H.S 


6HC1 
NHMI.SO* 


+ 

+ 

+ 


Sb'-S*. 

FeS. 


Some metals are precipitated in this manner from their acidified solutions by sulphydric 
acid gas or its aqueous solution ; others only from neutral or nearly neutral solutions, by 
an alkaline sulphide or sulphydrate, in some eases as sulphides (nickel, cobalt, manga- 
nese, zinc, uranium), in others as hydrates (chromium, and the metals of the earths 
proper) ; and and lastly, there are some metals, namely those of the alkalis and alkaline 
earths, which are not precipitated either by sulphydric acid or an alkaline sulphydrate. 
On these reactions is founded a division of the metals into groups, which forms the 
basis of the mode of separating them usually adopted in analysis. (See Analysis, Inou- 
OANic, i. 217.) 

Sulphydric acid is recognised by the black discoloration it produces on paper 
moistened with solutions of lead or bismuth, and by the black tarnish it gives to silver- 
foil. 

Versulplilde of Hydrogen. IPS*? — This compound seems to be the sulphur- 
representative of peroxide of liydrogen, which it much resembles in its properties. It 
is made by gradually adding the solution of a persulphide of alkaline earth- or alkali- 
metal to an excess of hydrochloric acid diluted with twice its bulk of water: 

CaS» + 2nCl = CaCl»+ IPS-’ + S\ 


The persulphide of hydrogen is formed without any evolution of gjis, and separates as 
a yellowisli oily fluid; heavier than water. It has the property of dissolring sulphur 
to a considerahlo extent, owing to which circumstance its composition has not been 
satisfactorily established. Per.suIphido of hydrogen has a peculiar, sulphurous, disagree- 
able odour. It pi-odiices superficial wiiito eschars on the skin and mouth. It is 
insoluble in water, but soluble in ether, forming a solution which soon decomposes and 
deposits crystals of sulphur. It is readily inflammable, and burns with a blue flame. 
It is possessed of bleaching properties an^ogous to those of peroxide of hydrogen. 

Persulphide of hydrogen is a very unstable substance, and, especially at increased 
temperatures, undergoes spontaneous decomposition into sulphydric acid and sulphur. 
By effecting this decomposition in a scaled tube, liquid sulphydric acid m:^ be obtained 
(p. 203). The stability of the persulphide is increased by the presen^ of moderately 
strong acids. Alkalis, on the other hand, promote its decom posit ion^JIence if, in its 
propuratiou, the hydrochloric acid be added to the alkaline persulphidRinstead of the 
persulphide to the acid, no persulphide of hydrogen, but only sulphy^mc acid and sul- 
phur will be obtained. Under the influence of catalytic agents, suen as finely-divided 
6®J^» iridium, and charcoal, which effect the similar decomposition of peroxide 
of hydrogen into oxygen and water, persulphide of hydrogen undergoes an instantaneous 
deromposition into sulphur and sulphydric acid. It reduces peroxide of manganese 
and the oxides of silver and gold, the last two with great violence, and frequently even 
with Ignition. (^Odlmg's Manual of Chemistry.) 

BTOHOOra, TBUinUDB OF. H*Te. Tdlurhydric or Hydrotelluric acid, 
TcUurctted hydrogen. — -This impound is evolved as a gas, when certain metallic tellu- 
rides, the tolluride of zinc being generally used, are treats with hydrochloric acid : 

ZuTe -f 2HC1 = IT^To + ZnCl* 

It closely resembles its analogues, sulphydric and selenhydric aci«!8, smells very much 
like the ioriiior, burns with a blue flame, I»a> u .slight aeiti react ion, and dissolves in 


HEAT. 


■ . - 4I ' 

adopted by BMnantt in bis calculations. Colninii ly, gives the speoifle beats undea 
oowefant wKUUn compared with ttat of an equal TOlume of air taken as uni^. The 
oanil>6rs in this column are obtained from those in the last column of the table on 
p. 36 by dividing each by 0 2374 =» specific heat of air under constant pressure. 
Columns V. and VI. contain the specific heats corresponding to a constant volurrie 
compared (V.) with that of an equal weight of water, and (VI.) with that of an 
equal volume of air. Column VII. gives the Totio of the two specific heats for some 
of the most important gases, obtained by dividing the specific beats of egd&l weights 
under constant pressure, as given in the previous table (p. o5), by the corresponding 
^ values in column V. of this table. Column VIIL contains the theoretical trm specfic 
/ieafs, compared with the true specidc heat of an equal volume of air or any simple 
gas. These numheis are calculated upon the supposition that the true specidc heats of 
the elementary gases are the same in the cOmbint^d as in the uncombined state^ 

On comparing the numbers in columns VL and VIIL it will be seen that 
there is, on the whole, an unmistakable corre-spondenco between them, but that they 
exhibit also in many cases decided discrepancies. These are probably due, in part to 
errors of expiTimeiit, and ii^ part to tho fact that the method, by which the 
numbers representing tlie specific heats at constant volume are calculated from those 
representing the specific heats at constant pressure, is quite accurate only in the 
case of perfect gn.scs ; and further that, even if the numbers in column VI. repre- 
sented tho specific heats for constant volume with perfect accuracy, these numbers 
would not necessarily agree with those in column VIII., except for perfect gases. 

Tho true specific heat of a gas, that is, its specific heat under a constant volume, 
is regarded by Clausius (Phil. Mag. [4] xxiv. 204, 206) as tho true specific heat of 
the substance in all states of aggregation, and in the combined as well as tho free 
state. II an k in e, on tho other hand (A Manual of the Steam Engine, &c., p. 307), 
while admitting that tho true specific heat- of each substance remains constant at 
all densities, so long as the substance retains tho same condition, solid, liquid, or 
gaseous, supposevs that a change of real specific heat, sometimes considerable, often 
RccompanieH the change between any two of these conditions. But, as Clausius has 
pointed out (Joe. cit . ; also Pogg. Ann. cxx. 438), there is no obvious reason why the real 
specific heat of a body should be supposed to uudergo alteration on tho passage 
from one state of aggregation to another, if it remains constant within the same 
state of aggregation; for the changes of density and elasticity, which accompany 
changes of tomperaturo within one and the same state, do not differ in kind, but only 
in degree, from those which constitute the passage from one state to another. 
Assuming, therefore, that tho specific heat under constant volume of a substance in 
the gaseous slate is its real specific heat under all conditions, we have, for water, for 
instance, 

Katio of apparent to real specific heat in the solid state (be- 

tween -20^ and 0'^) » 1‘367 

^ -369 

Batio of apparent to real specific heat in the liquid state (be- , 
tween 0® and 100^) 

Ratio of apparent to real specific heat in the gaseous state 


•4805 

•369 


2-732 


- 1*302 


2. Changes of Volume produced by Heat, 

It is an almost universal law that, when heat is imparted to any Jbody, the body 
expands or augments in bulk, unless prevented from doing so by^jtorresponding 
increase of external pressure, and that any body from which heat is Jfthdrawn con- 
tracts or diminishes in bulk. The exceptions -to this law are extremelyzew, and occur 
only within particular limits of temperature: the most important will be specially 
pointed out horenitor. Admitting tlio atomic hypothesis of uie constitution of matter, 
it is impossible to conceive of expansion otherwise than as a movement of the mole- 
cules of a mass, which has for its effect to increase their mean distance from each 
other. Hence when heat causes a body to expand, it acts in opposition to the forces 
which tend to prevent tho further separation of the molecules ; and tlie bulk of the 
body at any given temperature is tho result of an equilibrium between these forces and 
the expansive force of the heat contained in it at that temperature. The forces by 
particles of a mass are held together consist in part of the pressure to 
which It 18 subjected from without, and partly of the pressure arising from tho mutual 
Attractions of tho particles themselves. This latter pressure, which is known as 
cohesive foixTe, has a much greater effect in determining the bulk of solid and liquid 
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crater, Ibnaing a colourless liquid wMch deposits tellarium when exposed to the air. 
It precipitates most metals from their solutions in theibrm of t ellurides 
nBMBJLXnB. A native hydrated chloride of sodium, NaC1.2H*0. (Dana, 
il 606.) 

BTBBOUWOira. See HvDBOQtJiKONS. ^ 

BTBltOUXC BOXB. See Oluic acid. 

BTBBO&XTS. Syn. with Gmbijnitb (ii. 924). 

BTXntOMACtBBSXra. Hydrated carbonate of magnesium, 4Mg0.3C0^4H*0 
*= 3(MgC0*.H*0).MgH*^0* or 3(MgH*C0^).MgH''‘0*. — It occurs native in sraall mono- 
clinic crystals, usually acicular or bladed and tufted, also amorphous or as a chalky 
crust. Specific gravity «» 21 46. Hardness of crystals =« 3‘6. Lustre vitreous to 
silky or sub*pearly ; also earthy. Colour and streak white. It is found in serpentine 
at Hrubschitz in Moravia; near Kumi in Negroponto; at Hoboken, New Jersey, and 
other localities in North America (Dana, ii. 457). A specimen from Texas, Lancaster 
county, Pennsylvania, analysed by Smith and Brush (Sill. Am. J. (2J xv. 207), gave 
36 00 per cent. CO*, 43 96 MgO, 19*68 water, and 0*36 silica. Artificially prepared 
hydrocarbonate of magnesium has sometimes tlio same composition. 

' HTl>ROMA01flrOCABCXTB. Syn. with Hydrodolomitb. 
BTBROMA&OABXO and BTBROMAROA&XTXO AOXB8. Acids of 
doubtful constitution, which Fr^my obtained by treating olive-oil with strong sulphuric 
acid. (See Maboaric acid and Palmitic acid.) 

HTBROMBUORB. See Mellonb. 


BTBROMBTBR (08«p, water; pirpov, measure). Gravimeter, Pesedipieur oil 
the Continent, most commonly called the Areometer (d.paib%, nire, subtle). An instru- 
ment which, on being placed in a liquid, shows its specific gravity, either by direct 
inspection, or by simple ai^justment and calculation. 

Its action depends on the simple principle of hydrostatics, that a floating body must 
displace its own weight of liquid. The truth of tliis principle is seen if we consider 
that any part of a mass of liquid at rest must be supported by the pressure of the 
surrounding liquid, and will certainly continue to bo sup|X)rted, so long as it has the 
same weight and volume : hence it may be conceived to become solid without altering 
the conditions of equilibrium. Now weight is mere downward pressure, and the solid 
immersed in a liquid need not weigh so mucli as an equal volume of liquid, provided 
that the difference is exactly made up by downwartl pressure, or weight communicated 
from another part of the solid, above the surface of the liquid. 

Thus, in Jig. 667, suppose the solid A15 to have the same weight as a volume of 
water equal to the volume of the part AC. When placed in water, the solid will sink 
up to the point C: for the upward pressure of the water, which p. 
usually supports a volume of water equal to AC, will then bo exactly •'* 
sufficient to support the weight of the solid AB. If wo now place AB 
in a liquid of less specific gravity, the weight of AB will bo greater 
than the weight of the volume AC of the liquid, and equal, for instance, 
to the weight of the volume ACi- Then by similar reasoning, AB 
will sink into this lighter liquid np to the point Cj. Again, if AB 
sink in a thini liquid only up to the point it is obvious as before, 
that the volume of liquid ACa is equal in weight to the solid AB. 

Now the specific gravities of bodies are, by definition, in the proix>r- 
tion of the weights of equal volumes of the bodies, or, which is the 
same, in the inverse proportion of the volumes of equal weights. In 
other words, the specific gravity is less, as it requires a larger volume 
to make a given weight. Now the volumes AC, ACj, AC,, of the 
I’espective liquids are all of one weight, that of the solid AB : hence 
the specific gravities have the inverse proportion of AC, AC), ACj, 
or if we assume the first (water) to have the specific gravity 1*00, the 

specific gravities of the others are 

The hydrometers commonly used do not differ from the solid body 
AB above described, except that the part which meets and cuts the 
surface of the liquid is usually of very narrow section, in order that 


slight differences in the density of the liquid may cause the hydro- 
tneter to rise or sink through a considerable space. The form of those 
psrts of the hydrometer bwow the liquid has no effect upon the accuracy of the result, 
hut for convenience the lower parts are usually much expanded, in order that they may 
^ proportionally shorter. Several diffifwnt forms of the hydrometer are shown in 
w. 668,669,660. The hydrometer in fig. 65% would indicate specific gravities differing 
thr ough a considerable range, but without much accuracy. It is accompanied by a tube 
TB, which holds the liquid under examination. That in Jig. 669, on the contrary, hai 
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l>oidf«s than any preissitie which acts npon them from withont, and it tatiiw not oa^ 
indiffioont bomeS} but even in the - same body its value is diffbi^nt at difletmit tom 
peratnres. " Hence it is not surprising that the rehitions subsisting between the 
temperature and bulk of solid anaiiquid substances should be somewhat complex. 
In perfect gases, however, cohesion does not exist, and hence the only opposing loree 
which heat has to overcome in order to cause them to expand is the external pressure. 
Consequently it is found that thC rate of expansion of gases bears a much more simple 
relation to the heat by which it is caused, than that observed in solid and liquid 
bodies. It is, therefore, convenient to consider the laws of the expansion of gaseous 
substances b^ore examining those which regulate the expansion of matter in the two 
other states of aggregation. 

Bxpaiuion of Gaaoa-— In a perfect gas, volume, elasticity, and temperature 
would be related to each other in the manner expressed by the equation 

pv - j'(a + (a) 


where v is the volume of a given weight of the gas at the temperature i and under the 
jjressure jt?, and J and a are constants. Hence, if v' were the volume of the same 
w eight of the same gas corresponding to any other pressure, p', and temperature, f, W6 
should have 

« U-l. (A) 

p V a + ^ 

No absolutely perfect gas, however, is known in nature, so that, according to tha 
best experiments, the values of a which correspond to different v'alues of p, v, and t, 
arc not quite constant, but vary slightly, not only with variations of these factora, 
but also according to the nature of the gas. The properties of air, however, and 
the other non-condensable gases accord so nearly with the above formulae — which are 
in fact nothing more than a statement of the laws of Boyle and Gay-Lussac 
(Gasks, ii. 819*) — that, except in cases where extreme accuracy is required, the accord 
may be considered perfect. 

If in the above equation (d) wo make p <= p' wo got 


V — V 


that is, - is the coefficient of ex2)ansion of the gas under constant pressure, or the amount 

hy which that quantity of gas which occupies a unit of volume at 0° C. expands, under 
Constant pressure, when its temperature is raised one degree. Similarly, by making 
V s= v\ we have 

P n 

a j)t — 

or~is also the coefficient of expansion of the gas under constant volume, or, more cor- 
rectly (since when v ^ v* no actual expansion can take place), ~ is the coefficient of 

increase of elasticity, or the increment of <-lasticity, under a constant volume, for a rise 
of temperature of one degree, of a gas whoso elasticity at 0® C. is unity. For a perf«*ct 

gas, it is obvious that these two values of — would be equal. 

a 

The first tolerably accurate determinations of the coefficients of expansion of gaseous 
b«/(lit!a were made by Gay-Lussac. He used in his experiments a vessel shaped much like 
a tliermometer, having a bulb about 1 centimetre in diameter, and a tube about 30 or 40 
contiuietres long, and 1 or 1*5 millimetres wide. The tube was divided into lengths of 
equal capacity, and the proportion between the total capacity of the bulb and that of one 
division of the tube was accurately determined. The apparatus having been filled with 
air dried by passing through a chloride-of-cnlcium tube, a drop of mercury, occupying 
a short length of the divided tube, was employc*d to cut off the enclosed arr from com- 
mon ication with the atmosphere, and at the same time to servo as an index whereby to 
read off its volume. The bulb was then fixed, with the stem horizontal and projecting 
tlirough the side, in a vessel filled with water, throngh the medium of which it could 
be heated to various temperatures. The volumes occupied by the air at each tempera- 
ture could be read off upon the divided tube by noting the position of the little column 
of tnercoiy; but the volumes thus determined required to be corrected (a) for the 


vt — vf 


(C) 


id) 


• Equation (6) may obvkKUly be put Into the form p m v* ^ and ii then Idcntlesl *itb Ihst 

bjr theae lava arc rqpmncntcd at the place quoted. ^ 
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« venr llwder (tern (SH), and would indicate witb great aoeuacy any^qieaile iiaTitieg 

vitloilx * ^ . . 

and 1 

or merco^, 

depth hiF tne required liquids, and then sealed up in a small bulb at the lowermost 
extremity. In other cases, the hydrometer is made of thin gilt brass or silyer, as in 
fy. 560, but the weight is still placed below, in order that the instrument may float 
upright and stiffly. 


658. F^. 669. %. 660. 


Fi^. 661. 


tr*5. 


I 




V 


Graduatmi . — We have yet to consider 
the nature of the graduation on the stem 
of any hydrometer which is to give by in- 
spection the specific gravity of the liquid 
in which it fioats. Reverting to Jig. 667, 
let the distance AC to which the hydro- 
meter sinks be, successively Xq, Xg, &c. 
when AB stands in liquids of the densities 
Pot Pit Pat &c. 

Then &c. Of these 

Bq Pi ^0 p2 

quantities let Pq be the density of distilled 
water at the tempoi'ature 62° F., which we 
assume as I'OO; cull the corresponding 
lengtli 0 * 0 , the unit of length. Then 

* — &c., and x. — o’- « i. ~ i. 

rru Pi Pi 

Inns we see that equal diflTerences of spe- 
mfic gravity are indicated, not by any equal 
int^^als on the scale, but by the di^rences 
of the recipw^als of those specific gravities, 
or by quantities proportional to them. The 
swle which must then be employed is to be 

character is shown with some accuracy in the divided 

indeed, it was customary to graduate the stem of every hydrometer 
W arbitrarily chosen, and the indicatioM were eithw 

witlmut reference to specific gravity at all, or the correspondimr 
was ascertain^ by calculation or i-eference to a table. It isob^^y 
to ^opt the true scale of spe^c gravities, since this can always 
constructed with fkcility and sufficient accuracy. ® im 

hyi^meters with accuracy, as practised by Mr. Ackland, is 

of (P 2«). It e™»to 
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.^nainn nf fJw fflasg (b) lot the lower temperatnre of portwa of *irooBtained ai 
JK^yle^be ont^l the water-bath and Fc) for P<»«ble alt^iou of bew. 
melm pressure daring the experiment Indepenwntly of these lattw alterations, which 
w^lK^TeiT inconsiderable, the pressure upon tlie gas ramained constant during 
che experiment’ it whs the volume which changed. Appljnng the same method to 

^ confidence which these results naturally exeiUd in consequence of the high 
reputation of the author, was still further incr^s^ by the conation wbi^ they 
revived at the hands of Dulong and Petit, and ^so bwause it ^ considered pro- 
bable, on theoretical grounds, that in substances in which cohesire force no longer 
existed, the expansive action of hent should be independent of chemic^ composition. 
Hence, when the Swedish physicist Rudberg announced, as the result of his own more 
accurate experiments, that the coefficient of expansion fo^d by Gay-Lussac was 
considerably too high, the statement was at first received with hesitation. -^ 

Budberg determined the value of the coefficient of expansion of air between 

0* and 100° C. by two series of experiments. In the first he determined the contrac- 
tion undergone by a given quantity of air on cooling from 100° to 0° under a nearly 
constant pressure; in the second, tlie difference in the elastic force at 0° and 100° of a 
quantity of air kept at the same volume at the two temperatures. Making t and in 
equations (c) and {d) respectively « 100 and 0, the results of his experiments may be 
stated as follows : — The mean of twelve experiments by the first metliod gave for the 
coefficient of expansion under constant pressure — 

L= = 0 003648 = - : ; 

a 100t» 274 

the mean of ten experiments by the second method gave for the coefficient of expansion 
at constant volume — 

1 =, ^ - r J^ = 0*003046 = 
a 100/ 274’ 


a result identical with the preceding. 

More recently (1841) the expansion of air and other gases has been again made the 
subject of elaborate experiments by Regnault {Relation dea Experiences .... pour 
deter miner les principales lois ct Its donnhea numkriquea qtii entrent dans U calcxa dea 
Machines a Vapeur, M^m. Aciid. Roy. des Sciences, a^i. 16-120 (1847) ; also Ann. Ch. 

* Phys, [3J iv. 6 and v. 62) and by Magnus (Pogg. Ann. Iv. 1, and Ivii. 177). 

Regnault made five series of experiments by methods more or loss distinct. His 
first method was the same as the first method employed by Rudberg. It consisted in 
heating a cylindrical glass vessel of known capacity, about 2-5 or 3 centimetres wide, 
and about 11 centimetres long, filled with dry air, to 100°; sealing it hermetically at 
that temperature ; then cooling it to 0°, and observing the quantity of mercury which 
entered on breaking off tlie point of the instrument under the surface of that metal. 
The apparatus employed and the method of experimenting were, in fact, exactly the 
same as in determining a temperature by means of the air-thermometer in the manner 
ah'oady described (pp. 19 and 20): for it is obvious that the same experiment wliicli, 
the coefficient of expansion of air being known, serves to determine the temperature at 
which the air-thormometer is sealed, would, if this temperature were known, serve for 
tlio determination of the coefficient of expansion. ^ 

The second set of determinations were made by a method onl^slightly different 
from tlie first, the only essential difference in the apparatus being JSfcyt the tube con- 
nected with the air-reservoir was about 40 centimetres (lb incheajyng, and that a 
portion of it, about two inches long and separated from the att^servoir by about 
four inches, was wide enough to produce only a very alight capillary depression 
in a column of mercury. The effect of this modification of the apparatus was 
that when, after being heated to 100° and sealed at that temperature, the instru- 
ment was placed with the tube pointing vertically downwards and with the point 
dipping into merciiry, the mercury rose only as far as the wide part of the tube, on 
breaking off the point, and did not reach the reservoir at all. Hence the space occu- 
pied by the air at zero differed from that which it had occupied at 100°, only by the 
capacity of that portion of the tube which became filled with mercury on opening 
the point ; and since the diameter of the tube was, with the exception of the wider 
- portion already mentioned, vei^ small, this capacity bore a small proportion to the total 
capacity of the instrument. The experiment consisted therefore essentially in a deter- 
mination of the difference of the elastic force of the air at the two temperaturea. 
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1. Aecertamiag the exact positioii of three or more poinU of the aeale, acooiSing at 
the stem of the hydrometer 18 more or less truly cylindrical 

2. Dividing with great accuracy a scale on boxwood, to show the spedfie gfhvitiea 

required to be indicated by the hydrometer. * ; 

3. Making a reduced copy of tlie boxwood scale, so as to form a scale^ the )l|iats of 
which shall correspond with the ascertained points on the hydrometejvtul^ The 
scale so formed on paper is ready to be engraved on the hydrometer. 

For example, suppose it be required for a hydrometer to show specific gravities from 
l OOto 0'700. A bulb is chosen with a stem as uniform as possible, and three points — 
for instance, *700, *850, and 1*000— are ascertained as follows : Load the hydrometer till 
it sinks in distilled water of the temperature 62° to some marked point convenient for 
the degree 1*00; let the w'eiglit of the instrument then be x. To ascertain the point 

1*00 X X 

of the degree *85, alter the weight of the hydrometer until it is > ■■■ » and placing 

•8o 1*00 xx- 

it in water, mark where it is cut by the surface. Liistly, alter the weight to — — , 


and mark the point as before, which will correspond with the specific gravity ’700. The 
origimil weight x of the hydrometer may then be restort‘d and the tubt^ sealed. This 
method, requiring the use of no liquid but water, is very convenient, and was 
suggested to Mr. Ackland by Dr. Clarke of Aberdeen. 

The remainder of Mr. Ackland's processes are performed by calculating the reciprocals 
of the specific gravities required, forming them into a scale, and then reducing this 
scale ana transferring it to the glass tube by a dividing engine of peculiar and ingenious 
construction. 

We have formed the following table of the reciprocals, and their differences. Inter- 
mediate degrees can easily be interpolated when necessary. 


Difference of 
Reciprocals. 


*013 
•013 
*015 
*015 
•015 
•017 
•018 
•019 
*020 
•022 
•023 
•024 
•027 
•028 
•031 

We shall now describe a graphical method which the chemist can easily use as a 
substitute for Mr. Ackland’s dividing engine, so as to graduate his own hydrometers 
with accuracy. Draw a line AB (/y. 561) on a sheet of good paper, and lay off u^n it, 
with exactness, as many of the reciprocal nuirrbers or differences, given in the taole, as 
are likely to be required within the range of the hydrometers to be (graduated: this 
may easily be done with the aid of a decimal or diagonal scale and a pair of compasses. 
The absolute sire of this scale is of no importance, except that the larger it is the more 
accurate will the result probably be. 

Now suppose the points on a hydrometer have been determined for the specific 
^vities *700, 1*00 and 1-30. Draw a line exactly parallel to AB, and measure off 
distances PQ, QR, equal to the absolute distances of the points on the hydrometric stern, 
placing the points P,Q,R, as nearly as possible opposite the specific gravities •700, 1'OO, 
P30, on the scale AJB. Draw lines threrngh P ana the degree *70, and through Q and 
the degree 1*00. If these lines never meet, the scale on PQ will be identical with that 
on AB. But suppose they meet in S : draw lines through 8 and the several degrees 
on AB between *70 and 1^00. Then the intersections of these lines and PQ give the 
*^uired points for the scale PQ. Next draw a line through R and the degree 1*3. If 
this also pass through the point S it wiU indicate that the steih of the hydrometer is 
r*^rfectly uniform. But wnereverB', the point of intersection of Q — I'OO and R— -l^SO 
draw lines frem 8', through the degrees of AB, giving by Uieir intemection 
required points of graduation. 

If necessary, other points besides P, Q, R, might, for the sake of accuracy, be 


Specific 

gravity. 

Reciprocal. 

2*00 

*500 

1-96 

•613 

1-90 

•626 

1*85 

•541 

1*80 

•556 

1*75 

•571 

1*70 

•588 

1*65 

•606 

1-60 

•625 

1*55 

•645 

1*50 

•667 

1*45 

•690 

P40 

•714 

1*35 

•741 

1*30 

•769 



i 
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In tbe thiid aadfonxth sett of e^i^enments, air-reiterroir was mads to oommoni* 
cate irf^ a mraomotOT, wherel^ tho npon the enclosed air could be Taried at 

will and aoeuratelj measured* The pressures were so regulated that the air was caused 
to occupy accurately the same volume at 0® and 100®, and the differences of pressure 
required were determined. The apparatus for the third scries of experitnents whs 
copied, with some improvements of detail, from that employed by Kudberg in hi» 
second series. The apparatus for the fourth series was the same in principle, but its 
construction was such that the pressure upon the air chuld 1)6 determined with bUU 
greater accuracy than was possible with the preceding apparatus. 

In the fifth set of experiments, the pressure upon the air remained constant, and the 
alteration of volume was determined % weighing the quantity of mercury which filled 
the space into which it expanded. 

The mean results of numerous experiments made by each of these processes were as 
follows: — If and represent respectively the pressure and volume of the air at 0®, 

and JO] and Vi its pressure and volume at 100®, the value of - was — 

Po ^'o 

By the first series . 1 •Sfi()23 

„ second series ....... 1*36633 

„ third series 1-36679 

„ fourth series 1*36650 

„ fifth series 1-36706 


In the second, third, and fourth series, the expansion was calculatod from the change 
of elastic force undergone by the same volume of air when its temperature changed 
between 0® and 100°; in the experiments made by tiie first method, both pressure and 
volume changed considerably, so that they gave a mixed result From tlie considera- 
tion of all the experiments by the first four methods, Eegnault adopts for the coefficient 
of expansion of air, under constant volume, for 1 degree centigrade between O ' and 100°, 
the number 

0003665 = nearly* 

This result agrees precisely with that obtained by Magnus, 

For the coefficient of expansion of air xmder constant pressure, Begnault adopt* th* 
number 

0-00367 

given by the experiments of the fifth scries. 

Similar experiments extended to other gases gave the mean results recorded in the 
following table, in which are also included the results obtained by Magnus : — 


Table o/ E xpansion of Gases between 0® and 100® at Ordinary Pressures, 


Name of gai. 

Value of £id!l =s 1 .f 1!!?. 

Po Po a 

Cobitant volume. 

Conatant prSkiiire. 

Regnault. 

Magnus. 

Regnault. 

Hydrogen 

1-3667 

1-3657 

1-3661 

Air .... 

1-3666 

1*3665 

1-3670 

Nitrogen 

1-3668 



Carbouic oxide 

1-3667 


1-3669 

Carbonic anhydride 

1-3688 

1-3691 

1-3710 

Nitrous oxide 

1-3676 


1-3719 

Sulphurous anhydride . 

1-3845 

1-3856 

1-3903 

Cyanogen . , . . 

1-3829 


1-3877 


The foregoing results ^re all deduced from experiments in wliich the gases operaUd 
n|xm Were sulnect to premures differing but little from the ordinary pressure of the 
atmosphere. In another investigation {Op. cit. pp. 96-120) Kegnault determined the 
coefficients of expansion of air and some other gases at pressures considerably different 
from that of the atmosphere. The following table gives the mean results ; 

* If the coeffldent of cxpuutoD of air be taken b 0-0036666 .... It najr be reprewnted by tlif 
voice*’ feectioo a nmnbet’ which la eery eonvenlent for the porpoeee of calculatfon. 



" ' HYDBOMET^IS, • ^ 


d^termiaedoti the stem of the hydrometer, and the gradnation could still beperfbwned, 
with but little extra trouble, from many successive points of intersection* 

The hydrometer scale, when once obtained on paper, can be transferred to the glass 
stem of tiie instrument by the usual process of etching with hydrofluoric acid. The 
glsM/inust be covered with bees’-wax, and firmly fixed, at a proper distance, in' the 
S£te straight line with the divided scale, the degrees of which may then be easily and 
accuratifly transferred by a beam-corapass. For ftiller directions on the method of 
graduating glass tubes, the reader must consult Bunsen’s Gasometry (p. 26), also the 
article Analysis of Gases in this Dictionary (i. 269). Were it desired often to 
•graduate hydrometers, it would be best to engrave the scale AB 661) upon a 
glass plate, together with converging lines drawn through the degrees, and then to use 
It as Bnnaen describes. 

The amaller intervals of a hydrometer scale may always be subdivided into equal 
parts by estimation, or otherwise, without appreciable error. 

' The delicacy of the hydrometer may always be increased to an indefinite extent by 
lessening the diameter of the stem ; but in the same proportion it becomes more limited 
in range, and troublesome to use. The adhesion of air-bubbles is a great source of 
discrepancy, especially in the metal instruments, and for this reason all hydrometers 
should be made with as smooth and small a surface as possible. 

Again, the attraction of the glass or metal stem for the water causes the surface of 
water to rise up against the stem in a parabolic curve. This phenomenon alone, by 
preventing us from getting an exact reading, is almost enough to condemn the hydro- 
meter as a standard instrument of measurement. Fortunately the hydrostatic balance 
and the specific gravity bottle are means of determining specific gravities with 
unlimited accuracy and considerable ease. The hydrometer takes a subordinate rank, 
and is chiefiy employed in approximately determining the strength of solutions or 
mixtures of liquids. It often effects a wonderful saving of time or trouble, and any 

E erson frequently occupied with liquids of a variable strength or composition should 
ave hydrometers suitably constructed in range and delicacy for testing them. To 
treat the instrument as suitable for exact scientific measurement, and to investigate and 
determine corrections for every little error which might arise, would be a mistake. 
We accordingly proceed to describe various well-known forms of the hydrometer, which 
are extensively used for practical purposes. 

Sykes’ Hydrometer is of importance because, by Act of Parliament (68 Geo. III. 
c. 28 ; see also 3 & 4 Will. IV. c. 62 §123) it is employed in the collection of the ex- 
cise revenue of the United Kingdom levied upon spirituous liquors, 
of which of course the strength must be determined. It is made of 
brass 662) with a spherical bulb A, 1 J inch in diameter, a weight 
(B) to sink it and maintain it upright in the liquor, and a flat uni- 
form stem C, 3i inches long, divided into ten parts, each of which is 
again divided into two parts. A series of nine weights of the form I) 
accompany the instrument, having the proportions 10, 20, 30, . . . 
90. These weights are placed in succession at E, until the instru- 
ment is found to sink in the liquor up to some point of the divided 
scale. The numerical reading of the scale at the point where it is 
cut by the surface of the liquor, added to the number on the weight 
employed, gives the required result. But the temperature of the 
liquor must also be observed, and the proportion of spirit it contains 
ascertained by a table iri which the variables are the degrees of the 
hydrometer and thermometer. 

O Tbe supemumei*ary weight F may be placed oa tAe summit of the 
stem, and then causes the hydrometer, loade# yrith the circular 
weight 60, to sink to the same point in pure waw| to which it would 
otherwise sink in proof spirits. Concerning determination of 
the proportion of alcohol contained in a mixture with water, see 
Ai-ooholombtry (i. 81). 

Jones’ Hydrometer is an improvement on that of Sykes. It is ac- 
companied by three detached weights, so that, according as these are 
V or not, the hydrometer may have four different decrees of weight 

Corresponding to these are four separate scales on the sides of the 
stem, which is made square for the purpose. A thermometer, also with four different 
scales, is included in the lower part of the instrument, and the whole is so contrived 
that the number of gallons in the 100 under or over proo/may be read off 

The following formulfie apply to any hydrometer, as for instance Sykes’ or Jones’, in 
which weights are added below the liquid. 

Let 10 • weight of hydrometer. 

V wm volume of hydrometer up to the bottom of the scale. 
m area of section of stem (supposed uniform). 


Fiy. 662. 

Inl.. 


r 

0 





"HEAT. 


HtbU <7/ExpAN8i02r OF Gasbs bei^em 




pMoii» Jhreuu/m. 


1 Cofuiant Volume, 

Comtmt Pretsure. 

Dendtf. 

(penftity of air at (fi and 
700 mm. pre«6ure es i.; 

Po a 

Pressure. 

' mm. 

!«.= ,+£!!!>. 

•» « 

0*1444 

1*36482 

760 

1*86706 

0*4937 

1*36672 

2626 

1*36944 

1*0000 

1*36660 

2620 

1*36964 

2*2084 

1*36760 



2*8213 

1*36894 



4*8100 

1*37091 




Cakbonic Anhydride. 


Constant Volume. 

Constant Pressure. 

Density. 

(Density of carbonic 

5i-= 1+122. 

p, “ 

||||||||||RM 


anhydride at 0° and 760 
mm. pressure » 1.) 


ro ^ « 

1*0000 

1 36866 

760 

1*37099 

1*1879 

2*2976 

1*36943 

1*37623 

2520 

1*38466 

ii*7318 

1*38698 




Htdrookn. 


Sulphurous Aniiydridb. 


Constant Pressure. j 

_ t 

Constant Pressure. 

Pressure. 

^ = 1+122. 

Pressure. 

1 + — . 

mm. 

V 0 a 

mm. 

To a 

760 

1*36613 

760 

1*3903 

2646 

1*36616 

986 

1 

1*3984 


The followinp; general conclusions may bo drawn from these results : 

1®. The coefficients of expansion of air, hydrogen, nitrogen, and carbonic oxide^ 
between 0® and 100®, are sensibly equal. 

2®. The coefficients of expansion of the condensable gases, carbonic anhydride, nitrous 
oxide, sulphurous anhydride, and cyanogen, are slightly greater than the coefficient of 
expansios^f the permanent giises. For the condensable gases also the coefficient of 
expansion ^Under constant pressure) slightly exceeds the coefficient of increase of elas- 
ticity (the gas being kept at constant volume), a difference which is likewise observeil, 
though in a less degree, in tlio case of air. 

3®. The coefficient for hydrogen is not influenced by a change of pressure^| 9 m 1 to 3 
atmospheres. The coefficients for air, carbonic anhydride, and sutphuroujWBhydride 
are greater at high densities and pre8.sures than at low ones. 

Notwithstanding the differences in the absolute values of the coefficients of expansion 
of air at different densities, and of air, hydrogen, and carbonic anhydride, Kegnault 
found by direct experiments (Op. cit pp. 171-190) that the elastic force of air, of any 
initial pressure at 0® between 400 mm. and 1300 mm., and the elastic force of hydrogen 
and carbonic anhydride increased according to the same law at all temperatures Mtween 
0® and 350® C. Hence gas-thermometers flUed with air of any density, or with hyd^gen, 
or carbonic anhydride, would give perfectly similar indications, provided that, m calcu- 
lating the temperatures, the coefficient proper to each gas were employed, ^e coeffi- 
cient of expansion of sulphurous anhydride was found to diminish, relatively to tliat of 
air, in proportion as the temperature rose, being 0'0038261 at 98*12® of de air-ther- 
tuometer, and 0*0037893 at 310*31®. 

Hence as a general conclusion: Although no gas appears to follow law 













OMETER. 




In Uqoid A icit the lijdrometer loaded with the weight t^i sink to the deme »• 
(measured iujnches ftom the bottom of scale), audio liquid B, when loaded mth 
let it sink to Also let Oj m Tolume of weight 

Sg Mi „ fOj. 

Then the volume of A displaced is K + + Xj.m. I 

>» ® »* + x^.7n» 

The we^ht of the volume of A displaced is IK + 

»l »« ® »» IK +■ ^2* 

Then (f + Oj + x^.m) and (F + Vg + Xg.m) nre the volumes of equal 

weights of A and B. And we hare 

specific gravity of A ( f^ + <*a + x.,,m)(W ‘+ w^) Ay. 563. 

specific gravity of B ( F + «<- IKTI^* ^ 

Hydrometers could easily be constructed in which weights might be 
added above the surface of the liquid, so that the volume of the lower ml io 
parts of the instrument should not be altered. The above formula would 
then apply, after omission of and t’a. A hydrometer of this kind, ^ ,2 

giving any specific gravity from *6 to 2 0, was shown in the Exhibi- 
tion of 1851. (Jury Retorts, p. 296.) ^ ^ 

Baum i’s BydroTm ter is extensively employed on the Continent, and 
was originally described by Baum4 in his Etimena dc Pharmacie, p. 460. 

Separate instruments are usually constructed for liquids heavier and ‘ ^ 

lighter than water, although it is obnous that this is not necessary. 

For liquids heavier than water, the graduation is as on the right- ‘® • 

hand side of Jig. 663, and is determined by marking as 0 the point 
to which the hydrometer sinks in pure w’ater, and as 15 the point to ® 

which it sinks in a solution of 16 pts. by w'eight of salt in 85 pts. of ^ ^ 

water. The interval is divided into 15 equal parts, and a scale of ( ) 

similar equal parts is extended as far as desirable. V j 

For liquids lighter than water, the graduation is as on the left-hand \ / 

side of Jig. 663. The degree 10 is now determined by pure water, while ' / 

the degree 0 is the point to which the hydrometer sinks in a solution / \ 

of 10 pts. of salt in 90 pts. of water. The interval is divided into 
10 equal parts, and the scale is extended as in the former casa v 

The degrees of Baum6’s hydrometers being entirely arbitrary, the 
following tables must be used to ascertain from their indications the specific gravities 
of liquids with respect to water as the standard : 

CinnparU<m of the Degrees o/Baum6’s Hydrometer with the reed Specific Gravitus 
of liquids heavier than water. 


'01-. IIL 


Dpgrvei. 

sped At 
gravity. 

68 

1*617 

69 

1-634 

60 

1-662 

61 

1-670 

62 

1-689 

63 

1-708 

64 

1-727 

66 

1-747 

66 

1-767 

67 

1-788 

68 

1-809 

69 

1-831 

70 

1-864 

71 

1-877 

72 

1-900 

73 

1-924 

74 

1*949 

76 

1-974 

76 

2-000 



4 ^ 


(a) W pa^ 4^, the permanent gasea 
eWe liwr ao mialy tuai^ the most rdinea calculations, these formulas 

ttay be taken as abri^ value of a being for all a number 


sensibly equal to 273 . ^ 

The following consequences bf these equations are of importance in calculating the 
changes of TOlume and elastic force qf gases corresponding to given changes of tem- 
perature : Let V be the volume of a given weight of gas at 0° C., and p its mastic force 
at the same temperature ; let Uj and p^ be the volume and elastic force of the same 
quantity of gas at any other temperature, e^^ ; and let v, and p^ be the volume and 
Mastic force corresponding to any third temperature, then, the volume at t^, 
exjHressed in terms of the volume at 0®, will be — 




_ „ p ° *1 

! = »£.. 

fl + i 



Pi' « 

Pi 

\ a 


273 + 

^^vP.(l 

+ o^</ 

)^vP- 

Pi 

273 

Pi V 

273 '/ 

' Pi 


the volume at 0®, in terms of the volume at will be — 

‘ p a + t, ' p n. i , 

a * 

or „ ^ „ P> ^73 „ . Pi ^ » £l i 

^ 7-273 + <, ‘ p ' I + 'P i + o-ooseMi 

and the volume at in terms of the volume at will be — 

„ _ „ £l ‘L±Jx = .1 Zi. ^ 

‘p.-« + «. ‘ft 


01 - _ ^ f»i 273 + h , Pi 1 + 0 003665 ^ 

The elastic force at in terms of the elastic force at 0®, will be — 
V a + t. V /. 1^\ 

^ » »• « - -- 11 j_ r I 


V a + t. V /. 1^\ 

+ 0-008aM<.), 


or V 273 + 1 . \ ^ fn 

^ 273 '0 ~P7,V ' 

the elastic force at 0®, in terms of the elastic force at ^j®, will be — 
V. a V, 1 

p “ p>~t • r+T T"’ 


or o, 278 _ V, 1 _ v, 1 

^ o • 273 + t, ^ P' V ’ 1 + “ P' o ' I + O-OC 

and the elastic force at f,®, in terms of the elastic force at ^,®, will be- 


V. a + 1 

-^TTr 


1 + - 




®r V, 273 + _ V, 1 + 0 003666 

^* “* ^* ^ * 273 + ff, • 1 + 0 003666 t^ * 

It is very important to bear in mind, with r e fer en ce to all calculations of this kind, 
that when the coefficient of expansion of the permanent gases is said to be uniform at 
ell temperatures, and equal to it is not meant that 1 vol. of a gas at any tempera- 
< 4 ®, becomes voL at tJm temperature {t + 1)® i but that X voL at 0® becomes 

Xrfi Tot at 1®, and 1 + voL at <®, and that consequently t voL at ^ becomes 
273 

vot. ni. K 





Degreet. 

Specific 

gravity. 

10 1, 

1-000 

11 

0-993 

12 

•986 

13 

•980 

14 

•973 

16 

•967 

16 

•960 

17 

•964 

18 

•948 

19 

•942 

20 

•936 

21 

•930 

22 

•924 


HYDROMETER.^ 

Baumi’s Hydrometer for liquids liyhier than mtter. 


Degrees. 

Specific 

gravity. 

Degrees. 

Specific 

gravity. 

Degrees. 

Specific 

gravity. 

23 

•918 

36 

•849 

49 

•789 

24 

•913 

37 

•844 

50 

•785 

25 

•907 

38 

•839 

51 

•781 

26 

•901 

39 

•834 

62 

•777 

27 

•896 

40 

•830 

63 

•773 

28 

•890 

41 

•825 

54 

•768 

29 

•885 

42 

•820 

66 

•764 

30 

•880 

43 

•816 

66 

•760 

31 

•874 

44 

•811 

67 

•757 

32 

•869 

45 

•807 

58 

•753 

33 

•864 

46 

•802 

59 

•749 

34 

•859 

47 

•798 

60 

•745 

35 

•854 

48 

•794 




Cartier s Hydronieter is sometimes useu on tno ^ ^ 

22 coincides with the d.-grcc 22 of Bauini, but above and below this point, the degrees of 
BauraA are diminished in the ratio of 16 to 15. This hydrometer is only constructed 
for liquids lighter than water, and any who may require it can easily reduce its readings 
to those of Baumi, and make use of the table already given for Baumi s hydrometer. 

Beck’s HydromrUr has a scale of which 0 corresponds to the specific gra^ty ruo, 
and 30 to that of -850, and the scale is extended in equal parts above or below 0, as 
far as desirable. The following tables are necessary : 


i 

Q 

Specific gravity. 

i 

Specific gravity. 

Degrees. 

Specific gravity. 

Greater 
than 1*000. 

Lois than 

rooo. • 

60 

o 

Q 

Greater 
than 1*000. 

Lc.ss than 
1*000. 

Greater 
than 1*000. 

Less than 

1 000. 

1 

1006 

•994 

25 

1172 

•872 

48 

1-393 

•780 

2 

1012 

•988 

26 

1181 

•967 

49 

1-405 

•776 

3 

1-018 

•983 

27 

1189 

•863 

50 

1-417 

•773 

4 

1024 

•977 

28 

1-197 

•869 

51 

1-429 

•769 

5 

1-030 

•971 

29 

1-206 

•864 

62 

1-441 

•766 

6 

1037 

•966 

30 

1-214 

•850 

53 

1-463 

*762 

7 

1043 

•960 

31 

1-223 

•846 

54 

1-466 

•759 

8 

1-049 

•955 

32 

1-232 

•842 

65 

1-478 

*766 

9 

1-056 

•960 

33 

1-241 

•837 

66 

1-491 

•762 

10 

1063 

-944 

34 

1-250 

•833 

67 

1-504 

•749 

11 

1-069 

•939 

35 

1-259 

•829 

58 

1-618 

•746 

12 

1-076 

•934 

36 

1-268 

•825 

69 

1-532 

•742 

13 

1 083 ' 

•929 

37 

1-278 

•821 

60 

1-646 

•739 

14 

1-090 

•924 

38 

1-288 

•817 

61 

1-660 

•736 

15 

1*097 

•919 

39 

1-298 

•813 

62 

1-674 

•733 

16 ‘ 

1-104 

•914 

40 

1-308 

•810 

63 

,1-589 

•730 

17 

1-111 

•909 

41 

1-318 

•806 

64 .H 

1-604 

•727 

10 

1-118 

•904 

42 

1-328 

•802 

65 # 

1-619 

•723 

19 

1126 

•899 

43 

1-339 

*798 

66 f 

i 1-636 

•720 

20 

1-133 

•895 

44 

1-349 

•794 

67 . 

■ 1-651 

•717 

21 

1-141 

•890 

45 

1-360 

•791 

68 

1-667 

•714 

22 

1-149 

•885 

46 

1-371 

•787 

69 

1-683 

•711 

23 

1-167 

•881 

47 

1-382 

•783 

70 

1-700 

• 7 O 8 

24 

1-164 

•876 

1 







T Waddell’s Hydrometer is often used in Jingiana lor tesung 
water. It is graduated in such a manner that the reading, or number of degrees, 
multiplied b? d and added to 1000, gives the specific gravity with reference to water 
us 1000. Thus, 

10® Twaddell indicates the specific gravity 1060 or 1-050, 

90® „ 1460 or 1-460. 

(K Dingier, Polyh'cb. Jour. Ixii. 329.) 
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HEAT, 


The irreMlaritifts in the expansion of the i 
phurona anhydride, which are brought to Hght 
to a greater or less extent in the case of all l{qiieAftpi:|p|!aea t 


to a greater or less extent in tne case ot ail xiqi]enfti!|C„|ptUM8 f 
marked in proportion as the gases are examined the 

The law with regard to the expansion of rapours appoice 
of expansion considerably greater than ^ at temperanies 11^. tip jj® 
points of the liquids from which they are formed, and that they contlhiieVi^^ 
as the temperature rises, so as to approach more and more closely to a--<ion W.itrta| ^pg' 
nearly yj*. Hence, at sufficiently high temperatures, all vapours anj ligneflaa^^tte^ 
acquire the properties of sensibly perfect gases. The rapidity with which the coeffi- 
cients of expansion of different vapouns approach their limiting values, varies ereatlr 
Some vapours, as that of ether, have a nearly uniform rate of expansion within twentv 
or thir^ degrees of the boiling point of the liquid, whereas others show a sensiblv 
of expansion throughout a much wider interval of temperature: for 
4M xpwards of 120 degrees, and sulphur-vapour through 

acid vapour (IsjiUng point 118“) was foun^ by cXum'^ bf “ 

_ 1 ^, 3380 0.. 

nXK^sLTasXlt ot?r 

d- - «»(1 + «<), 

S fer A and « for i ^ cdefBeient of expansion. Let the volume, o, be 

of ih /' i" per square metre and the 

iJMSPy 5 centigmde thermometer. Then, since Tfs a cXtant 

t 5 r ' 533, sures. Then, since the j 




533. 

" 'f •I'rf, 




suros v/jr, represent pres- 

sures. Then, since the condition of a gas is de- 

r?* ^ttriahle^quantitiea 

upon which It depends, are known, that wudition 
tTvL^? reprospted by the position of a point rela- 
lively to the lines OP and OV. Let the point A 
repiwent the initial condition (p . t') of a ^ • we 

‘'*®.9"'‘»>‘‘‘*es of heat ihlch ^'t be 
impart^ to, or withdrawn from, the Jap, in order to 
through the series of cMtions repre- 

to OT X 4 wCA, p«Xi 

rtaVn »j»e 8« PMSto from the state A to the 
Its ela^e force increases while its volume, 
^jwmins uneltered; to produce this change, ito 

r2g,£K.'“^“ ”■«« “VirxrrsiiJrAS: 

? « Ar (/j — 


lo 



HYDROMETER, 




D«pikrci«tt**s is an instrument with a large bulb and rm narrow 

used TOT determining the specific gravity of water from various i^nngs or other 
sources. (Prony’s ^drow/#^ttr, tom. i. § 614-627.) 

The Marine Hydrometer is adapted to taking the specific gravity of sea-Wter. In 
fig, 561 is shown an accurate instrument of this kind made of gilt brass, the ^ sli||^ 
of which is divided into 40 parts, from 3 or more points experimentally detormS^ 
Each degree corresponds to a point in the third place of decimals ; thus the degree 27 
n'presents the specific gravity 1’027, and the whole range of the instrument is accord* 
ingly from 1*000 to 1040. 

The hydrometers supplied by Government to the navy and mercantile shipping are 
slender glass instruments, but their accuracy is secured by comparison and determi- 
nation of the error, if any, just as in the case of barometers and thermometers. They 
are employed in daily or hourly observations on the water of the ocean. 

The Lactometer is a hydrometer closely resembling Sykes’ hydrometer, but adapted by 
Dicas of Liverpool for determining the quality of millc By means of a series of eight 
weights, the scale has a range of 80 degrees, and a thermometer and an ivory sliding- 
rale accompany the instruniout in order that the milk may be tested at any tempe- 
rature, and the result reduced to the standard temperafni-o of 65° without calculation 
{Ur€W8t€r*8 Edinburgh Cyck>p<edia^ or Agrie. Survey of Lancashire). This instrument 
must not be confused w'ith the other lactometer first described by 8ir Joseph Banks 
{lirande'a Journal, iii. pp. 393—1), and consisting of a simple graduated test-tube, in 
which the new milk is allowed to stand, until the cream rises to the top and its pro- 
jiortional amount may be directly measured off! 

Wilson’s Beads consist of a series of little balloon-shaped glass bubbles, adjusted to 
certain degrees of specific gravity. When a number of them are thrown into a liquid, 
tliose which are of greater specific gravity than the liquid sink into it, those which are 
of less specific gravity float, while only the single bead which corresponds in specific 
gravity with the liquid remains indifferently in any part of the liquid, or at least 
sinks or rises verj’ slowly. Upon each bead is engraved the spr‘eifle gravity which 
it indicates. These useful little instruments were much improved and patented by 
Mrs. Lovi. 

Fahrenheit’s Hgdronuter differs somewhat from and is even simpler than the com- 
mon hydrometer. In phice of scale, it has only a single mark on the stem, but at tlio 
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Fig. 564. 


top of the stem is a small scale-pan on which weights are to be 
placed until the hydrometer sinks up to the mark in the liquid 
which is being tested. By t his means we measure the weight 
<'f a eou.staiit volume of the liquid displaced : for this weight, by 
the j)rineij>les of hydrostatics, is equal to the whole weight of 
file loaded hydrometer supported by the liquid. Hence the 
nil io of this weight for any given liquid to the weight for 
pure water at 62° K, is the sjiecifle gravity required. 

'fhis hydrometer would admit of more accurate results than 
the common instrument, but would be inconvenient in common 

use. 

N i c h o Is 0 n ’ 8 nydrometcr ( fig. 664), invented by the author 
of the “Chemical Dictionary,” is an ingenious modification of 
!• ahrenheit’s bydrometiT, by whicli it is rendered capable of de- 
termining specific gravities of solid bodies as well as of liquids. 

It has a single mark on the stem, and bears three scale-pans, 
one at the summit of the stem, above the surface or the 
Ixpiid, and the other two, one of which is concave down- 
wards, at the lower extremity of the instrument. When 
It is placed in water, the air must Ix) allowed to escape from 
this low(»t scale-pan. . . 

In taking the specific gravities of liquids, this hydrometer is identical with that of 
lahrenhcit The weight of the instrument is generally atyusted from the first so that 
1,00() grains placed in the upper dish will cause it to sink in pure water, at 62° F., up 
*0 the mark on the stem, lit the weight, however, required for this purpose, what- 
wiT amount to, be called iCj, the weight of the instrument itself being W, 

^ hen placwl in a liquid of which the specific gravity dififers from that of water, and is 
required to be known, a weight less or greater than w must be jilaced in the upper 

ir+ tr- 



Then 




is obviously the specific gravity 


|»an to sink it to the sero mark. 

*^iairo<l 

To take the specific gravity of ary solid substance, a portion of it weighing leas thaii 
pla^ in the upper pan, with such additional weight, say that the hydro* 
will sink in pure water up to the zero mark, as it does whin kwded with 
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tbe gas^pubi^ from thfr condition D to tho condition B, it remains under 
tiiiriMtot premure p\ but ita roliVno increases from t; to v' : its temperatore must 
thblnSjbB fc^ raised to "which is given by the formula p'v’ W M(X + at’)* 

Tffiiil^nOmbiiM^ int^ f v ^ H{1 + « O. gives p* (o' — o) =» Ha{€ — hence the 
quantity of heat required will be (^ *~ ^i)* denoting the specific heat under 

constant pressure. Putting for t‘ — t, ita value deduced from the previous equation, 
this becomes — 

D 


JTa 


W 


3. In passing from the condition B to the condition C, the gas is cooled without 

change of volume ; the corresponding temperature is therefore given by the formula 
pv' *• i/( 1 + a which, combined with p' v' « £f( 1 + a t'), gives (p' — p) v' -• — t^). 

The heat that must be withdrawn will therefore heg' (<' — ^ j), or, by substitution — 

s' ” «»'(/- p) • • (*■) 

4. Lastly, when the gas passes from the condition C to its o^inal condition A, 
it cools under the constant pressure p, and its temperature aga^^laBOOtlfia t, defined 
by the formula po«aZf(l + o^), which, combined with p i? ^ -fdiA gives 


p (v' — v) « /f a(/, — t). The quantity of heat to be withdrawn, to, 
perature to fall from to ^ will be g’*, = Dc - <), whi^ by substif 



The general result is that^ during the pjissage of the gas ifrim tlw'i 
B, a quantity of heat is expended which (by g and h) is represented 

C “ ? + ?i = ^ (p' - p) + «'p’ (»' - «')] : 



10,^6 tom- 

-Vv 


and that, during the return of the gas from the condition B , 
quantity of heat is evolved, which (by i and /:) is expressed bj^' 

g = q 4- q/ => ^ [c v' (p - p) + € p{v' - v)]. . f 




Consequently, there is an ultimate expenditure of a quantity of heat equal 

Q ^ (o' - e) (p' - p) (v' « v\ ' V 

a quantity which is necessarily positive, so long asp'— p and t/— V lure pddtifl (t^ 
is, BO long as any actual increase of pressure and volume takes place), being | 
tional to the product of these two quantities, and represented by the i 
wctaagle ADBCA. 

By tracing in the same way the heat expended and evolved in the cycle 
represented by the passage of the point A about the same rectangle, but in th« 
direction, ACBDA, it would bo found that, as a final result, a quantity of heat ■• ( 
would be evolved by the process instead of expended. Hence we sec that the quantity 
of heat necessary to change the condition of a gas from A (p . t;) to B (p' . v'), depends 
not only on the nature of the conditions A and B, but also on the manner in whicJi the 
passage from one to the other takes place. 

If B approaches indefinitely near to A, the quantity of heat, Q — (/, expended or 
evolved as the point A passes round the rectang^r circuit approaches indefinitely to 
the value 0. That is, in order to cause a gas to pass from the condition A to the condi- 
®» uifloitely neap to it, the same infinitely sms^ quantity of heat must be expended 
whether the passage is in the direction ADB, the pfr^on ACB, or that of the diameter 
ot the ^tangle, AB. Hence, an element, AB, of toy curve may be replaced by its two 
projecUons DA and DB parallel to the axes, and changes of condition represented by 
curve-linM may be considered as made up of rectangular elements parallel to these 
axes, w that the result derived from the consideration of the rectangular circuit ADBOA 
jnay be extended to a closed circuit of any form whatever. (Bourget, Afln. Ch. Phys. 
UJ 1^ 267 ; also Daguin’s TVoi^ de Thgtigu^, 2nd ed. ii. 612. — See further the secti^ 
article: Relations of Heat to Mechanical Energy.) * 

Attention must here be drawn to an importont eoneequence of the relations that ws 
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Mi HTDR0NJCKELMAGNESITB-$yi>B0P8m 

^Thm the wmbt of the substance is obviously ffft - transit the substance 

to Mie of the lower pans, that which ia concave downwarda being naed when the 
•ttbetsn# ia lighter than water, and haa to be fon^ ^nder.^ The inatrmnent 
nttiih he adjuirted ao aa to float in water at the usual level, and it will U found that 
mss further weight has to be added for this purpose. Let the weight now in the 

pans be 1^4. Then the specific gravity of the substance is 

This inst-rument becomes more and moie delicate and accurate in its indications as 
the stem is of smaller diameter. As acti«ly constructed by the inventor, the stem 
was a piece of hardened steel wire 5*5 iflch ^ in diameter. But the more delicate, the 
more troublesome does the instrument be^S in use ; the adherence of water to the 
parts above the surface, the adherence of air to those below, and the inevitable chancy 
of temperature in the water, are sources of unavoidable error. The chemist, in his 
balance and specific gravity bottle, has always at hand the means of ascertaining 
specific gravities with any degree of accuracy, and is not likely to use Nicholson’s 
hydrometer. But this instrument is a valuable companion to the scientific traveller; 
since, besides its use in taking specific gravities, it may be employed in place of a 
balance for ascertaining any small weight. 

Having now given all that it is likelv to be practically useful wnceruing the 
hydrometer, we think it quite needless to describe all the minute varieties of construc- 
tion and arbitrary scales proposed by Homberg, Clarke, Gay-Lussac, Di<^ Richter, 
Adie, Quin, Guyton, Speers, Charles, and others. Much information is given in the 
Handworterhnch der ChcTnie, 2*’ Aufl., &c., ii. 166-190. 

The hydrometer is said to have been first invented by Hypatia, daughter of Tlieon 
Alexandrinus, who flourished about the end of the fourth century, but the discovery 
is sometimes ascribed to Archimedes. However this may be, the English pWlosopher 
Robert Boyle appears to have first brought it into use, having described it in Fhil. 
Trans, for 1676 (x. 329), or Boylds works (1772, iv. 204). His instrument was almost 
identical with Nicholson’s hydrometer, and was especially intended to determine the 
fineness of gold alloys, being hence called a “ New Essay Instrument'* 

Many references conconiing the history and varieties of the hydrometer 'mil be 
found in Young's Lectures [1846] i. 240. — Bknoit's Tkkorie Gknireue dcs VhseAiqueurs 
[1821], is a work we have not been able to meet with. Clarke’s hydrometer 
Trans, xxxvi. [1730], p. 277), B rewst e r’s Capillary Hydrometer, Staktometer, or Drop- 
measurer, are described in the Edinburgh Cyclopedia, xi. pt. ii. p. 442.— -W. S. J. 

HTBROWZCXSlbMAOWBSZTB, also called Pennite. A variety of hydrodolo- 
mite (p. 191) containing 2 per cent, or less of carbonate of nickel, with water. It forms 
{)Hlo-greon or whitish incrustations, having a surface of minute spherules, and occurs 
together with emerald-nickel, into which it graduates, also with chroniic iron, at Texas, 
Lancaster county, Pennsylvania, and according to Heddle, at Swinaness, in Unst, 
Shetland. Hermann found in it 44'54 CO», 2010 CaO, 27*02 MgO, 1*26 Na^O, 0 70 
EeO, 0-40 MnO, 0*16 Al*0*, fud 6*84 H^'O » 100. (Dana, ii. 467.) 

BTBBOPBAirB* A 'Variety of opal, which becomes transparent when immersed 
in water. 

BTBBOFBZXiZTB. A name applied to chloride of calcium. 

BlfBBOPBZTB, also called Jenkinsite. A hydrated silicate of magnesium and 
iron, which occurs massive, and sometimes fibrous. Specific gravity 2*46 — 2'66. 
Hardness « 3*6. Lustre, feeble, subvitreous. Colour, mountain-green to blackish- 
green j^itreak pale; transluceut to opjique. . ♦ 


8«0* 

FeO 

MnO 

MgO 

Al'OS 

VOS i p*0 


86*19 

22*73 

1*66 

21*08 

2*895 

0*126 y |*08 « 

100*76 

3897 

19*30 

4*36 

22-87 

0*63 

. . ^-36 » 

99*38 

37*42 

20*60 

4*06 

22*76 

0*98 

. . ' 13*46 «= 

99*28 


a. Uydrophite from Taberg, in Sweden (S van berg, Po^. Ann. li. 636).— 6. *75»i- 
kitUiU from O’Neil’s mine. Orange county. New York (Smith and Brush, Sill. Am. 

J. ii. 369). These analyses lead to the formula | ^3Si0*.3H’0 ; which, regarding 

2 at. water as basic, may be reduced to the form of an orthosilicate, 3(2M*0.Si0*).H*0, 
or 3M'Si0\H*0. 

. BTBBOPZTB* A silicate of manganese with excess of manganous oxide, 
containing, according to Du Menil’s analysis, 64*37 per cent. SiO*, 41 33 MnO, 0'93 
EeO, and 1*2^ CaO. {Rammelsberg't TdinerakhemU, p. 469.) 

BnmOPBZBr. The name given by Garnal (Schmidt’s Jahrb. d. ^ H4d. 
pvi, 8) to an albuminous substance which he obtained from a dropsical eflfhsion. 


HEAT. 


liaTe fimnd to oiist between the pnesme, Tolum^ and temp<**t«OT.<rf-%J^ j'lSe 
eonseqtieBce refeirini to will be most easily deduced from the above eqimtioli^w/ 
which show that^ when a gas expands from the volume v to the Tolome Q&d^ the 
constant pressure pt a quantity of heat is absorbed equal to 

and that when the gas contracts from the volume t/ to the volume under the same 
pressure, an equal quantity of heat is evolved. It is plain, however, from the above 
equation, that if p, the pressure upon the gas, is nothing, the quantity of heat, g, needed 
to cause the gas to expand will also be nothing. This conmtion is actually fulfilled 
when, instead of having to force up a piston or overcome the pressure of the atmosphere 
in its expansion, a gas is allowed to expand into a vacuous space; and it has been 
experimentally proved by Joule that the expansion of a gas, under these circumstances, 
is not attended with expenditure or absorption of heat. He immersed two copper 
vessels in water, and removed the air from one and compressed an additional quantity 
of air into the other, until the pressure amounted to 22 atmospheres : on opening a 
communication between the two, air rushed from the latter vessel into the exhausted 
one until the pressure in both was 11 atmospheres. Nevertheless, the water by which 
they were surrounded indicated no altieration of temperature. 

Absolute Zero of Temperature . — It results from the fundamental formula of gaseous 
expansion, 

p V ^ J {a ^ t\ 

that, if the temperature, f, of a gas were reduced until it became « — <i *» — 273, the 
gas would cease to have any gaseous elasticity — the product of elastic force into volume 
would be -i^O. The temperature — 273^ C. is therefore called the absolute zero of 
temperature, and temperatures reckoned from it are called absolute temperatures. 
These are obviously obtained in any case by adding 273 to the number of degrees by 
which a temperature is expressed on the centigrade scale ; and by employing them in 
t-4h^ expression of the laws regulating the relations between temperature and other 
TOoperties, the resulting expressions are often much simpler than those required when 
ftinperatures are expressed according to any ordinary thermometric scale. Thus, for 
instance, by using r t + 273) to denote the absolute temperature corresponding to the 
centip;rade temperature t, we have for the fundamental formulae (a) and (b) (page 45) 
relating to pressure, volume, and temperature, the expressions 


p V 


J T and — — 

p V 


r* 



and corresponding simplifications will be found to result in many other cases. 

flSpaaaion oC Uquids. — The relation between the volume of a given weight of 
liquid and its temperature follows no simple general law, such as that which, as we 
have seen, applies, at least approximately, in the case of gases. On the other hand, 
not only has almost every liquid a coefficient of expansion different from that of any 
other, but the coefficient of the same liquid varies to an important extent with changes 
of temperature. 

In consequence of the small extent to which the volume of liquid substances is 
thfinencod by external pressure (El asticitt, ii. 370), it may, in all ordinary cases, be 
considered as a function of their temperature alone, instead of as a function of tem- 
pen^itre and pressure combined, as with gases. It results also from the cohesion of 
liquids, which causes them always to have a definite limiting surface, that their volumes 
can be determined by observations of a more direct kind than those which can be made 
on gaseous bodies. Hence, an obvious method of determining the expwsion of a liquid, 
is to observe how many divisions of a vessel graduated into parts of capacity, are 
same weight of it at various temperatures. Such a ap^od, however, 
would only be exact if the capacity of the containing vessel were kno^, not merely at 
some oim temwratw, but at each temperature at which an observation of the liquid 
was made. Thus, it would be inaccurate to conclude that the expansion of a liquid 
between and 100® amounted to 1 per cent., because the same quantity which filled 
100 divisions at the former temperature occupied 101 divisions at the latter; for it is 
impossible to raise the temperature of a liquid, without at the same time raising the 
temperature, and so altering the capacity, of the vewel in which it is contained. It is 
therefore necessary to distinguish between the ajmarent expansion of liquids, or that 
which would result from observations made in the manner that has been described, 
without taking account of the chafes of capacity of the containing vessel, and their 
rea( or absoltUe^ expansion, which is the apparent expansion corrected for the simul* 
tancous exMnsion of the veaseL Of course, in measuring the changes of volume oi 
gaseous bodies, the expansion of the containing v^sel requires to be similarly taken 



HYDBOQUmONK 

rnnMOqwmOWn, Hydrokinone (Wohler, Ann. Ch. Hian^ 

xIt. 8^4 ; li 150; Hesse, i6id, cx. 194 ; cxiv. 292). — This name is applied to two sub* 
stances, one colourless and other green. ^ 

CoLOURLBSS Htdboquinovb (Py^utnole), C*H*0*, isomeric with oxyphenie acid, 

IS the chief product of the dry distillation of quinic, carbohydroquinonic, and oxysali* 
cjlic acids (g, o.), and is likewise produced by the action of reducing amnts (stannous . 
chloride or sulphurous acid) on quinone, from which it differs by 2 at. li ; also, togethei* 
with a brown crystalline body containing 0‘*H*W0*, by the action of phenylamine 
on quinone (A. W. Hofmann, Proc. Hg^^oc. xiii. 4) : 

2C*WN + 3C«HK)* + 2C*H«0». 

Phenjiamine. Quinone. .. Brown cryitali. Hydroquinone. 

Preparation, — 1. The distillate, mixed with solid particles, which is obtained by 
the dry distillation of quinic acid, is filtered from tar, and again, after cooling, tw 
separate benzoic acid; the yellow, heavy, oily mixture of benzene, phonic acid and 
salicylous acid, is distilled from the filtrate ; the brown residue in the retort is evapo* 
rated and left to cool till benzoic acid crystallises out ; the mother-liquor is diluted 
with water, which makes the liquid milky and separates tar ; and the resultinp; filtrate 
is evaporated till the hydroquinone crystallises out. — 2. Sulphurous acid gas is passed 
through warm water saturated with quinone, and having quinone also suspendea in it, 
till all the quinone is dissolved, and the liquid appeal's colourless ; the solution is then 
gently evaporated to the crystallising point, and the ciy stals are purified by pressure 
and recrystallisation. — It is not necessary previously to remove the sulphuric acid by 
carlwnate of barium. — A saturated aqueous solution of quinone may also be mixed 
with aqueous hydriodic acid, and the watery liquid, after filtration from the iodine, 
evaporated to the crystallising point. 

l\uperti(8. — Hydroquinone forms transparent, colourless, rhombic crystals ex- 
hibiting the combination, oopoo. oofoo. P. oP (Hesse). It sublimes, when heated, 
in shining lamina, like benzoic acid; melts at 177 ‘o‘^ and solidifies to a crystalline mass 
at 163*^. It is inodorous, has a sweetish taste, and is neutral to vegetable colours. It 
dissolves easily in water^ especially when hot, also in alcohol and in ether. From 
solutions of alkaline sulphites^ it crystallises unaltered, sometimes however in sulphur- 
yellow rhombohedrons or long four-sided prisms, resembling the sulphydrates of hy* 
dixKpiinone. (Hesse.) 

l)t compositions, — 1, Hydroquinone, suddenly heated above the l)oiling point, is par- 
tially decomposed into quinone and green hydroquinone. When passed in the state of 
vafKJur through a glass tube at a low red heat, it is resolved into quinone and hydrogen 
(Hesse). — 2. Oxidising agents^ viz. chlorine, chromate of potassium, sesquichloride 
of irun, or nitrate of silver, convert hydroquinone dissolved in water into green hydro- 
(iuin<»nc, with formation of hydrochloric acid, chromic oxide, or protochloride of iron 
and hydrochloric acid, or with prt<cipitation of silver. — 3. Strong nitric acid converts it 
almost wholly into oxalic acid (Ilesse). — With hydrochloric acid and chlorate of 
poiassium it yields tetrachlorquinone (chloranil) (Hfesse). — 4. The aqueous solution 
of hydroquinone imparts a saffron-yellow colour to cupric acetate^ and when heated 
llirows down cuprous oxide, quinone volatilising at the same time. — 6. Ammonia 
imparts to it a brown-red colour, and yields on evaporation a brown mass like ulmio 
acid. Potash acts in like manner. (W ohler.) 

Hydroquinone dissolves in a moderately concentrated hot sfdution of neutral aeetais 
of lead, and the solution, on cooling, yields prisms containing C®HH)*.C^ll*PbO^ + 

5 IPO. These crystals give off 6 23 per cent, of water (nearly § at.) over suipburie 
Hoid. 

Sulphi/drates of Jlgdroquinone. — There arc two of these salts. The first, 

4C*H*0*.H^S, is obtained in colourless prisms hy pas.sing sulphydric acid glHptO R 
sat united solution of hydroquinone heateil to 4U°. — The second 3C*H*0*.H*8, isiOi^^todd, 
by passing sulphydric acid into a cold saturat'd solution of hydroquinone, is Usall 
sliitjing crystals, which redissolve when heated if the pjissage of the gas be ootiitsiied, 
the solution, as it cools, yielding the compound in veiy regular colourless rhombohe- 
drons. These ciy'stals remain unaltered when dry, but water eliminates sulphydric 
scid from them, and on boiling the solution, hydroquinone is reproduced. 

Hhkrn Hydroqutnokr or Qi’inhydbone. C**H'*0* •» C*H*0*.C*H^0*, — This oon- 
p^mnd may be regarded cither as a compound of quinone and colourless hydroquinoi|«^ 
or as a double molecule of the latter compound minus 2 at, H, or again as a double 
»nolecule of quinone (C"H*0') plus 2 at H 

It is produced : — 1. By mixing tlie aqueous solutions of quinone and hydroquinone, 
thereupon it is immediately pr6cipitatc*d in the crystalline form. — 2. ISjr oomMning 
eque-ous quinone with a quantity of hydrogen not sufilcient for the formation of 
•tHourless hydroquinone; e. g. aqueous quinone mixed with solphttric acid at thf 


EXI^S10& 

Into taeoniit, M in tbit oaee it ii of much lew relatiye conse^noe tbmn it ii in tho 
eaM of liquids : ^ns, for example, the ^parent expansion of air in a glass Teasel would 
only diflfey from its teal expansion about in the proportion of 140 : 141 ; whereas, in the 
ease of mercury, the difference would amount to one seventh of the total effect to ba 
observed. 

Bdation between ike Absolute and Apparent Expansion of Liquids , — From whst has 
been already said, it will be evident that the apparent expansion of a liquid is equal to 
its absolute expansion for the same interval of temperature diminished by the corre- 
sponding expansion of the containing vessel. That is, if A be the coefficient of absolute 
expansion of a liquid, and 8 its coefficient of apparent expansion, the relation between 
these two quantities will be the following: — ^Let Vhe the volume of the liquid, and 
consequently of that portion of the vessel which it fills, at 0® ; and let V’ be the capa- 
city, estimated at 0®, of so much of the vessel as it fills when its temperature has been 
raised 1®. Then the real volume of the liquid at the latter temperature will be 
^(1 + A), and the real volume of the portion of the vessel occupied by it will be 
V*{1 + a) (putting #c for the coefficient of cubical expansion of the material of the 
vessel) : hence we have — 

r (1 + k) = V{1 + A), 
or F' - r Av- a 

y “ 1 + a* 


but F' — F” is the apparent incj*ease of volume of the liquid, for a rise of temperature of 
V’ — V 

one degree j p — is therefore its coefficient of apparent expansion » d. Accordingly — 


but as i and k are always small fractions, we may disregard their product, 5 k, and put 
A « ^ that is, the cafficient of absolute expansion of a liquid is equal to its coeffi- 
cient of apparent expansion in a vessel of any material, increased by tks eoeffioient of 
cubical expansion of the material of which the vcesel is made. 

By far the most accurate method of mcasuripg the capacity of a vessel, and of findHig 
the relative values of divisions which may be mark^ upon it, is to detenniue the 
weight of mercury which fills it up to the zero point of the scale, and also the weight 
wliicli corresponds to the interral between any two divisions. But since both the 
capacity of the vessel and the specific gravity of mercury vary with variations of tem- 
perature, the different weights of mercury which fill the vessel at different temperatures 
do not at once enable its relative capacities at these temperatures to be calculated ; for 
this it is necessary that the absolute eximnsion of mercury should be previously known. 
Hence the absolute expansion of mercury (which, on account of its inalterabililj^ and 
its property of not wetting glass, is better adapt<^ for measuring purposes than any 
other liquid) is a necessary preliminary datum for the determination of the absolute 
expansion of liquids in general. 

Determination of the Absolute Expansion of Mercury . — Enough has already been 
said to make it evident that, in order to obtain a trustworthy determination of this 
constant, some method must bo devised whe^se results ore wholly unaffected by changes 
in the capacity of the vessel in which the mercury is contained. A satisfactoiy solution 
of this apparently very difficult problem was first given by Du long and Petit (Ann. 
Ch. Phys. [2] vii, 124 (1817); Daguin’s Traiti de Physiqur, 2nd ed. ii. 187 ; see also 
Regnault, Delation cUs Experiences, ^c,, pp. 277-280. Paris, 1847). Their method 
consisted in measuring the heights of columns of mercury at dififerent temperatures, 
which produced equilibrium with another column of the same liquid of constant height, 
and kept always at 0®. 

If h denotes the height of the column at 0®, rf the density of mercury at this same 
temperature, A' the height of the column at which produces equilibrium with the 
firsti and (f the density of mercury at the temperature t, we have — 

A' d 

A * 5" ♦ 


Representing by v and tf (he volumes of the staiq weight of mercury at 0^ and at 
we get — 

^ m and consequently ^ 

The mean coefficient of expansion between 0® and t9 is therefore 

d ^ n A' - A 
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hydroquinone. 


fuuMftm nole of the ealvanic circuit ; quinone mixed ■with eulphunc aad ih CMtact 
zihc- aqueoue aolution of quinone with gradual addition of ichlonde fan ot 
protoeolphato of iron, or sulphurous acid, or sUoxantan, the latter being conTerted mto 
^xan— 3. By the partial dehydrogenation of ^ueous hydn^uinone ; e.^ when 
I^ngy platinum or animal charcoal moistened with the solution w ex^^ to toe air; 
sKlSorine ^ is passed through aqueous hyd^umone, or tha.t liqmd is mixed ^th 
nitric acid, chro^te of potassium, sesquichloiido of iro”. nitrate of silver.— The 
mU u^ prepared accoXg to (2) or ( 3 ) with wncentrated solutions aMume for a 
Xl^blick-red colour, and then become filled with long, graen, metallic-looking pnsms 
of quinhydrone ; but if the solutions are too dilute, the quinhytone ramains di^olv^ 
»n3 is dLmpoU emitting the odour of quinone.-The largest crystels arc obtained 
hyatonce adding to a saturated aqueous solution of quinone (or even to ite mother-liquor) 
a (quantity of aqueous sulphurous acid just half sufficient for the formation of hydro- 

^^PwS^V^/rs.-Quinhydrone forms very long and thin green prisms, having a metallic 
lustre, like the wings of gold-beetles or humming birds, and brighter even than 
raur^id- they appear red-brown by tninsmitted light when Strongly magnified. It 
melfs easily to a brown liquid, and sublimes partly undccomposed in green lamince. 
Smells slightly like quinone, and has a pungent taste. , . , ^ ^ 

It dissolves sparingly in cold water, abundantly and with red-brown colour in hot 
water separating as it cools. Alcohol and tther dissolve it readily, forming yellow or 
rod solutions, wfm/woma dissolves it with green colour. The aqueous solution toms 
with aciiaU of lead a bright greenish-yellow precipitate, quickly changing to dirty 

^ iecompositiona, — 1. When quinhydrone is heated, it sublimes partly undecomposed, 
partly converted into yellow quinono.-2. When it is boiled with water, quinone distils 
over, and the remaining dark red-brown liquid contains, together with a large quantity 
of hydroquinone, a brown tar, which separates partly on cooling, partly on subsequent 
addition of water.— 3. The green solution of quinhydrone in amnwma quickly assumes 
a dark red-brown colour on exposure to the air, and leaves a brown amorphous mass 
when evaporated.-4. Quinhydrone is converted into colourless hydroquinone by 
aqueous mlphuroua acid, stannous chloride, or zinc and sulphuric f^td, but not by 
hydriodic acid or bdlurhydric acid.-5. The aqueous solution quickly reduces nitrate 
of silver, on addition of ammonia. 

Derivatives of Hydroquinone, 

CarbofaT«»o«l’““<»“‘« “»<»• - CII'O’.CO* 0*. (0. Hesse, 

Ann. Ch. Pharm, cxii, 627, cxiv. 202; exxii. 22; E. Laufemann, ihid cxx. 315).-- 
An acid produced:—!. By the action of bromine on aqueous qiiinic acid —2. 
incquinic acid to above 200® -3. SmaU quantities of it are likewise obtained by the 
action of chlorate of potassium and hydrochloric acid on dilute aqueous quiinc acid, 
or of peroxide of manganese and sulphuric acid on aqueous quinate of calcium. (Hess o.) 

Prwration , — Bromine is added to aqueous qiiinicacid by portions of 10 drops each, 
till a portion of it remains undissolved, even afti-r the liquid has been frequently 
airitated and loft, to stand for 12 hours. The solution is then deemted from the un 
dissolved bromine, diluted, filtered, and mixed with eurbunate of lead, long ^ a 
brisk evolution of gas is thereby set up, and bromide of lead 

evaporated to a thick syrup on the water-bath, and shaken up with a^^t 5 vol- ethe^ 
yiel^ to this liquid carbohydroquinonic acid, which after the 
wmains as a brown crystalline residue. It is purified by 
water containing hydrochloric acid, with help of animal u 

tmted with bromine and filtered, is mixed with carbonate of lea^U this salt be^na 
to take up organic substances; the filtrate is precipitat«‘d with solution of neutral 
acetate of lead, and then, after this precipitate has been collected, a further 
is obtained by addition of ammonia. By decomposing the palpitates suspended in 
water with sulphydric acid, then boiling up and diluting the filtrate, ewbohydrt^ 
quinonic acid is obtained from the first precipitate. The acid obtained from the seco^ 
lead-precipitate still retains unaltered quinic acid, from which it may bo separatea 

Carbohydroquinonic acid crystallises from its aqurous wlution with 
1 at Crater (C’H«0».H"0), in furcate groups of needles, also in rhombic lamin® or 
irranular crystals. It is dimorphous. The granular crystals are distorted twins, 
belonging to the monoclinic system. The needles are rhombic pnsms, hanng the 
, acute^^es perpendicularly tnincatoi cleavable at right angles to the pnsmatic faejw 
(Uesso).- The crystalli^ acid dissolves in 40 or 50 pts, of waUr at 17 , Tcry easily 


ployed by ^ of a^ki^ of inrerted glaes syphon, 

id CO 


snd ita- determiDatton 

“ih^a^SJ^omJio^ed byMo^ and 

into practice IS represented . m were about 0*55 metre long, and 

the turo vertical branches of which (A and^l wera^a ^ 

munioa^ ^low by jjho ^nt ^ wUch was kept fiiU of ice ; the other branch, B, 



(In the figure, the front wall of the furnace, as well as a part of the cylinders rarround- 
ing each branch of the syphon, is represented as having been removed.) 1 he quan- 
tity of mercury in the apparatus was so adjusted that the meniscus l^be B 

was a little above the cover of the oil-bath, and the difference in the height of the two 
columns was measured by a cathetoraeter (an instrument devised by Dulong and t'etit, 
and first used in this investigation). The temperature of the oil-bath w^ indicate 
by an air-thermometer and a mercurial weight-thermometer (]^p. 18, 19), reservoirs 
of which were of the same length as the mercury-column in the tube B, and were 
placed near to and parallel wfth it, , « -i ^ • xj 

The following table gives the general results of a great number of detemunatio 
made with this apparatus : 


Jjfffioluta Expansion of Mercury (Dulong and Petit). 4» 


Temperatures by the 
alr’thermometer. -iv 

Mean coefficient of Expansion counted from 


Maximum Minimum 

values. valuei. valwBi. 

lOO*^ C. 

200° . 

300« • 

. . . . • • • • “ 0 000180:8 

^ . .At • . • • •00018433 

-s^s^ .... uifeflf .... *® 00018868 


Notwithstanding the great approach to accuracy which was undoubt©^)^^^® 
these experiments, the results were still affected by sources of error wmch, 
determination of a physical constant of such primary importance as the one in quenira, 
cannot be considered as immaterial. The chief of these are : the uncertainty or the 
determinations of the temperature of the heated column, a^ing (1) from the 
ment of the old (and inaccurate) coefficient for the expansion of air, namely 0*0037o, 
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in boUing water and in aicokol^ but is insoluble in ether. It has a sour and bitter 
taste ana leddens litmus. Heated to 100^ it gives off, on the average, 10*6 per cenU 
water, leaving the anhydrous acid, C’H*0*, which melte at 207® (corrected) with 
partial decomposition, and solidifies in the radio-crystalline form between 160 ® and 
170® (Hesse). When cautiously heated, it sublimes with partial decomposition. 
(Lautemann.) 

Decompositume. — 1. Carbohydroquinouic acid is resolved by fusion, and with great 
facility when heated to 240®, into carbonic anhydride and hydroquinone, C’lTO* *■ 
C*H*0* CO* (Hesse), li^en it is heated with pumice, pyrocatechin is obtained 
instead of hydroquinone, the former bein^ apparently capable of passing, under circum- 
stances not exactly known, into hydroquinone (Lautemann). — 2. It is not altered by 
boiling dilute nitric acid ; the concentrated acid converts it, with rise of temperature 
and evolution of nitrous acid, into oxalic acid, together with a trace of a yellow sub- 
stance. — 3. Sulphuric anhydride dissolves it, without evolution of gas, forming a blue 
liquid, brownish by reflect^ light No conjugated sulphuric acid can be obtained from 
this solution. — In oil of vitriol^ carbohydroquinouic acid dissolves slowly, and chars 
when heated. — 4. Bromine dissolves slowly in the aqueous acid, with evolution of gas. 
— 5. Aqueous carbohydroquinouic acid, in contact with acid carbonate of calcium and 
air, acquires a dark, nearly black colour, and deposits a black precipitate, which 
effervesces with acids (Hesse). — 6. From cupric hydrate iiv\d potaasio-cupric tartrate 
aqueous carbohydroquinonic acid separates cuprous oxide ; from mercuric and silver’ 
salts it separates the metal. Dilute aqueous carbohydroquinonic acid, mixed at 8® or 
10'^ with neutral solution of nitrate of silver ^ becomes dark-coloured in a quarter 
of an hour, even in the dark, and in three hours separates metallic silver (Hesse), 
According to Lautemann it reduces nitrate of silver when heattKi, but not in the 
cold. 

The carbohydroquino nates are, for the most part, easily soluble in water, 
sparingly soluble or insoluble in alcohol. Hesse reganls the ncid as monobasic, and 
tile ammonium-salt as a basic salt, in which 1 at. ammonia takes the place of water of 

crj'stallisation, C^IP(NID)O^NII*. The formula | represents it as tria- 

tomic but mono])asic, like glyceric acid (ii. 876). Sir c^cVqt (IlanduHirtcrb. ii. [2], 996), 
reganls the acid as dibasic. Carbohydroquinonic acid decorn jMises the carbonates of 
the alkaline earths. Its salts turn brown in the air. In contact with a small 
quantity of sesquichloride of iron, they acquire a violet colour ; with a larger Quantity, 
a fine purple-violet to chrome-green colour especially in neutral solution. (Hesse.) 

Ainmoniutn-saHs , — When dry unimonia-gas is passed ov<t dry carbohydroquinonic 
aeiil, 100 pts. of the acid take up from 22 3 to 227 pts. of ammonia (2 at. « 22 08 
NIP), without giving off water. The resulting compound, freed from excess of ammonia 
hy standing over oil of vitriol, contains 447 per cent. C, and 0 2 H, conresiwnding 
to the formula, C^H*(N1P)0\N}P (calc. 44*68 per cent. C, and 6*38 II). When 
exjtosed to moist air, it quickly gives off* ammonia, and dissolves, with alkaline reaov 
lion, in W'ater and alcohol. The latter solution, when evaporated, deposits small acid 
crystals. Hydrated ether partially dissolves the ammonium-salt, leaving a portion, 
p<Thap8 consisting of C^H*(NIP)OMI*0. An ether-alcoholic solution of carbohydro- 
quinonic acid becomes turbid when ammonia gas is passed over it, and then clear, 
di-j)ositing concentric groups of prisms. Brown substances are formed at the same 
tiiiu*. (Hesse.) 

I ^ad-sal t.—Yrom aqueous carboliydroquinonic acid, an aqueous or alcoholic solution 
of neutral acetate of lead throws down an amorphous yellow precipitate, easily soluble in 
nitric acid, with difficulty in acetic acid. Part of the corhohydrof^uinonic acid dissolves 
at tht* same time in the acetic acid which is set free, so that the filtrate still gives a 
pnripitate with ammonia. (Hesse.) ^ 

The ptjtassium-salt is precipitated from its aqueous solution by alcohol in the fbnn 
of a syrup. — The nwnganous salt forms small prisms, easily soluble in water. — ‘The 
-’oc.saltlonoB laminae. — ^Aqueous carbohydroquinonic acidjnelds a greyish-yellow pre- 
‘upitate 'with tartar emetic \ and with ferric hydrochlorate^ a dark gri^en solution chung- 
>UK to violet on addition of acid carbonate of sodium, or of tartaric acid, ferric hydrr>- 
cliloratc, and ammonia. It does not precipitate yc/nfiw. 

The following acids give reactions very similar to those of carbohydroquinonic acid : 

1. Morintannic acid and Morin^ which, according to Hlasiwete, are isomeric with 
^j^^^^droquinonic acid. — 2. Deuterocatechuic acid^ C*IPO*, and Tricatechuie 
^ l^ese two acids are supposed by Strccker (Ann. Ch. Pharm. cxviiii 

280) to exist in catechu, inasmuch as he rejrarded the pyrocatechin, first as the one, 
then as the other of those acids, and finally, as a mixture of the two. — 3 . ProUh- 
^ttchiue add. This acid, according to Lautemann (Ann. Ch. Pharm. cjul 316 ), 
Bust be regarded as identical with carbohydroquinonic acid, since the latter acid, whim 


ABSOLUT EXPANSION OF MERCUBY. M 

in TOducing the IndioKUone of the eir^themometer; (2) the oooUxig effiMt of the 
external air upon the portion of the heated colnnm which rose abore the cover of the 
oil-bath ; (3) the want of uniformity in the temperature of the oil-bath at different 
depths ; and the comparative shortness of the two mercui^-columns, whereby a very 
small absolute error in the measurement of h and h' comes to have a considerable effect 

on the value of the fraction — ■» 3. 

In order to obtain results which should be, as far as possible, free from the errors 
thus arising, Regnault {Bclation des Expirienc^^ ^c., pp. 271-328. Paris, 1847) repeated 
the determination of the absolute expansion of mer- 

cuiy, by a method similar in principle to that of 636. 

Dulong and Petit, but somewhat different in execution. 

The arrangement of his apparatus will bo intelligible 
from Jia. 636. AB and CD are two iron tubes, 1-5 
metre long and 10 mm. in internal diameter (in the 
figure the diameter is greatly exaggerated in pro- 
portion to the length), connected above by the ho- 
rizontal iron tube AC, of 2-6 mra. (OT inch) internal 
diameter, and respectively communicating below with 
the horizontal tubes BE and DF, likewise of 2*6 mm. 
diameter, which in their turn carry the vertical glass 
tubes EG and FG. The apparatus having been 
adjusted so that the tubes AB and CD ore exactly 
vertical, and the tubes AC, BE, and DF exactly 
horizontal, mercury is poured into it through one 
of the short tubes, open at both ends, by which both 
AB and CD are surmounted, and in proportion as 
the liquid rises in the glass tubes EG and FG, air is 
compressed into a copper receiver communicating 
with them by the leaden pipe G, so as to keep the 
level of the mercury near the bottom of the glass 
tubes. The addition of mercury is continued until 
it begins to run out at a hole, O, borad in the upper 
side of the tube AC. The vertical tube AB is placed 
in the centre of an oil-bath ; CD is surrounded by a constant current of cold water. 

On heating the tube AB, the density of the mercury contained in it was of course 
diminished, and consequently equilibrium of pressure in the tubes EG and FG could 
only bo maintained by the sinking of the mercury-column in the former. The elastic 
force of the compressed air in the receiver was therefore balanced— on the one hand, 
by the pressure of the heated column of mercury of the height AB, /f, diminished by 
that of the column in E, = A ; on the other band, by the pressure of the cold column 
CD, = H’, diminished by that of the column in F, ■= n. The temperature of the column 
AB was indicated by an €ur- thermometer, that of CD by three mercurial thermometers 
in the water-vessel which surrounded it, and that of the mercury in E and F by a 
thermometer placed between them as shown in the figure. When the necessary cor- 
rections for the differences of temperature of the several mercury-columns had been 
applied, the formula for the absolute expansion became- — 

{IT ^ 

But since the required corrections involved the knowledj pa rf the v!fy coefficient sought, 
the calculation could only be made by the method of successive approximations : that 
is, Dulong and Petit's coefilcient was first assumed in ordd^ to ealc^ate an approximate 
result ; then the number bo obtained was substituted for the coefficient, and so a 
still more accurate result was arrived at. 

In another series of experiments, the-tubes AB and CD were connected at the bottom 
by a continuous hcmzontal tube, and the tube AO was cut across, vertical glass tubes 
being inserted into the two halves, wherein t|te different heights attained by the mer- 
cuiy-columna could be observed. In tfaiev<tate, the apparatus was merely a modified 
form of that employed by Dulong and PetiL 

The resttlta nhimately arrived at are given in the following table, the temperatures 
column of which are those measured by the air-thermometer. 

The numbers in the last column of this table represent the amounts by which a unit 
volume of mmietiiy expands for a rise of temperature of one degree centigrade at various 
ten^eratnres between 0® end 360®. Thus, 100,000,000 cubic millimetres of meremy, 
measured at 0®, o ccupy 100,017,906 cubic millimetres at 1®; 100,000,000 cubic milU* 
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with pumice, is capable of yielding pyrocatechin. But according to Hesse 
(Ann. Ch, Pharm. c»xil 221), the two acids react differently with cupric tartrate, and 
jniist therefore be regarded as only isomeric.— 4. Oity salicylic add. With regard to 
. this acid, Lantemann thinks it probable that it may be capable of passing into carb^ 
bydroquinonio acid (or the latter into oxysalicylic acid).— 6. Hypogallic add. 

Ethyl-carhohydroquinonic acid, C*H*®0* ** CarhohydroquU 

nonic ether.— To prepare this compound, carbohyd^uinonic acid is dissolved in 
alcohol of 90 per cent. ; the solution is saturate irith hydrochloric acid gas ; the 
alcohol is distilled off in the water-bath ; the residue is shaken up with ether, as long 
as that liquid takes up a substance which colours ferric chloride ; the ether is then 
distilled off; the brown crystalline residue is shaken up with boiling, very dQute 
alcohol, and a small quantity of carbonate of sodium ; the solution is left to cool ; 
and the acid is again exhausted with ether. The ethereal solution when evaporated 
leaves coloured crystals, which may be decolorised by again treating them with dilute 
alcohol, soda, and ether. It forms colourless prisms united in radiate groups, neutral, 
melting at 134° (corrected), and becoming crystalline again at 124-3°. 

The ether melts in boiling water before dissolving ; dissolves easily in alcohol, and 
especially in common ether. The aqueous solution, added to neutral acetate of lead, 
forms a white amorphous precipitate soluble in acetic acid ; it colours /crric Ayrfro- 
chlorate violet, changing to purple-violet on addition of a larger quantity of the iron- 
salt, and finally to chrome-green. It reduces mercuric chloride, nitrate of siloer, and 
fotassio-cupric tartrate. (Hesse, loc. dt.) 

Cblorlnated Kydroqulnones. (Wohler, Ann Ch. Pharm. li. 165.— Stiid el er, 
ihid. Ixix. 132, 306, 321.) — These compounds are produced by the action of reducing 
agents on the corresponding chlorinated derivatives of qiiinone : they are most easily 
prepared by means of sulphurous acid. They bear a greater resemblance to hydro- 
quinone in proportion as they contain less chlorine. They act like weak acids, their 
alcoholic solutions yielding white precipitates with acetate of lead, the quantity of the 
precipitate being increased by addition of ammonia. The chlorine in these compounds 
does not exhibit its usual reaction with nitrate of silver. By oxidising agents, viz. hy 
nitric acid and sesquichloride of iron, they are converted either into the corresponding 
chlorinated quinones, or compounds of these with the chlorinated hydroquinones. 

Monoehlorinated Hydroquinone, C^IPCIO* forms tufts of colourless prisms, 
very soluble in water, alcohol and ether, and liquefying in contact with the vapour of 
ether. It melts easily, and sublimes in white lamini©, with partial decomposition. Its 
aqueous solution reduces nitrate of silver. * It dissolves in ammonia, forming a dark- 
blue solution, changing to green, yellow, and red-brown. 

Dichlorinated Hydroqtiinone, C*H^CFO®, forms beautiful nacreous crystals, 
which melt at 164°, and begin to sublime at 120°. It reddens litmus; dissolves 
sparingly in cold water, easily in boiling water, also in alcohol, in ether, and in hot 
acetic acid; sparingly in boiling hydrochloric acid ; it is soluble also in hot concen- 
trated sulphuric acid, and separates on cooling. With dilute potash it forms a colour- 
less solution, which on exposure tu the air turns green, then red, and deposits a violet 
powder. With ammonia, it forms a yellow solution, which reddens in contact with the 
air, and deposits a brownish precipitate. 

Trichlorinated Hydroquinone, C*H*C1’0*, forms colourless Inmiiim, or 
flattened prisms melting at a little above 130°, and subliming in iridescent scales. It 
dissolves readily in alcohol and in ether ; the alcoholic solution reddens litmus. It 
dissolves in potash and in ammonia, forming green solutions, whifth turn first red, 
then brown, and yield copious precipitates with hydrochloric acidf ^ 

^^Tetrachlorinated Hydroquinone, C*H*C1^0^, forms coloufcis, nacreous lam inw, 
insoluble in water, very soluble in alcohol and ether; its sohj^ns redden litmus. 
When heated, it b»*gins to turn brown at 160°, the colour becoming stronger towanls 
220°; it then sublimes rapidly, but does not melt till more strongly heated; the 
melted mass cr3-stalli.ses on cooling. It dissolves in potash and in ammonia. The 
pot^h solution, saturated hot> deposits on cooling, prismatic ciystals, apparently con- 
sisting of a potassium -salt. 

Octoehlorinated Acetyl-dihydroquinone, C‘WC1"0» *= C’=H’(C*H^0)C1»0* 
(Hesse, Ann Ch. Pharm. cxiv. 292). — Produced by jmssing sulphurous anhydride 
into a mixture of tetrachloroquinone and glacial acetic acid, then evaporating and 
subliming : 

2CKn«0* + C*H«0* ^ H*0 + 2SO* « C‘«H*C1*0» + 2SO*. 

It forms colourless lamina^, which melt at 230°, dissolve easily in ether, alcohol* 
hot benzene, and strong acetic acid, but are nearly insoluble in vrater. 
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Absolute EiJCjpansion of Mercury (Regnault). 


Temperature ss t. 

Volume at 

Mean coefllcicnt of expan- 
sion between 0'^ and 

True coefBcient of expan* 
Bion at r®. 

0° 

1-000000 

0-00000000 

0-00017905 

10 

1 001792 

0-00017925 

0-00017960 

20 

1-003590 

0-00017951 

0-00018001 

30 

1 005393 

0-00017976 

0-00018051 

40 

1 007201 

000018002 

0 00018102 

50 

1-009013 

0-00018027 

0-00018152 

60 

1-010831 

000018052 

0-00018203 

70 

1-()T2655 

0-00018078 

0-00018253 

80 

1-014482 

0-00018102 

0-00018304 

GO 

1-016315 

0-00018128 

0-00018354 

100 

1 018153 

0-00018153 

0-00018405# 

110 

1 0 19996 

0-00018178 

0-00018455 

120 

1-021844 

0-00018203 

0 00018506 

130 

1-023697 

0-00018228 

0 00018666 

140 

1-025555 

0-00018254 

0-00018606 

150 

1-027419 

0-00018279 

0 00018657 

160 

1 029287 

0-00018304 

0-00018707 

170 

1-0311G0 

0-00018329 

1 000018758 

180 

1-033039 

0-00018355 

, 0-00018808 

190 

1-034922 

0-00018380 

: 0-00018869 

200 

1-036811 

0-00018405 

0-00018909 

210 

1-038704 

0-00018430 

0-00018969 

220 

1 -040003 

0-00018456 

0-00019010 

230 

1-042506 

0-00018481 

0*00019061 

210 

1-044415 

0 00018506 

0-00019111 

250 

1-016329 

0-00018531 

0*00019161 

260 

1-048247 

000018557 

0*00019212 

270 

1-050171 

0-00018582 

0-06019262 

280 

1-05-2100 

0-00018607 

0-00019313 

290 

1-054034 

0-00018632 

000019363 

300 

1-055073 

000018658 

0-00019413 

310 

1-057917 

0-00018683 

0-00019464 

320 

1 -059806 

0-00018708 

0-00019516 

330 

1 -06 1820 

0-00018733 

0-00019565 

340 

1-063778 

0-00018758 

0-00019616 

350 

1-065743 

0-00018784 

0-00019666 


metros, measured at 300^, become 100,010,413 cubic millimetres at 301°. Accordingly, 
the true c o e f f i c i e n t of expansion increases as the temperature rises. The third column 
contains tlio quotients obtained by dividing the difference between the volume (Fi) of 
mercury at <!'-* and the volume of the same weight at 0° l) by the number of 

degrees of temperature ( = /), that is to say, the mean coefficient of expaiision 

between 0° and P, ^ Between 0° and 100°, the mean coefficients vary so little 

that tho real expansion of mfifTCUry, and mnch more thereforp its smayer apparent 
expatision in glass, may be taken as proportional to the tcwpol^tniw measured by the 
air-thermometer. A careful comparison of an air-thermc^eter and JMpercurial ther- 
mometer, upou whieh the points 0° and 100° had been detertnine^jpder the same 
cirouiustaiKes, and which therefore necessarily agrped at thfjke tempVaturcs, showed 
the follow^ !vg dillerenoes between the inffications of fb© two : 

Temperatures by air-thermometer— ' ' , , 

-36° 0° +100° 129-9° 148*7° 197*0° 245° ,^92*7° 340°; 

Temperatures by mercurial thermomctei^ — 

-36° 0° +100° 130° 150° 200° 260° 300° 850°, 


brom Ivegnault’s table it results that, if the real oxpansion of inercniy be taken as 
the mensuro of temperature, the following readings of the air- and mercurial thermo- 
metera will iiulieate tho same temperatures — 


• In ItognanU’i ortg luil I'aj'er, the true cot^Ricient of expansion at 100® ts given, doubtl era In i 

quenre of a misprint, hs (>*t)00lK305, and the same number ia repeated in variooia other placet: 
Handwbrteri*. tier Chc’.iit>, 3mi ed. il. fl], 567, article Autdehnun^} alto Daguln’s Tfaitt <te Phy$i^¥€t 
y. If>3. P;irt«, H61 . 
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Oeiochlorinaitd Ethvl-dihpdroquinone, C*<H*C1*0* -» C'*H*(0*H*)CW^ 
(Hesse, foe. Obtained bjr passii^ sulphurous anhydride for some time through a 
heated mixture of tetmchloroquinone with 20pt8. alcohol of 92 per cent The tetraehloro- 
quinone then disBolres, and the solution mixed wi th water yields the octoehlorinated ethyl* 
hydjoquinone, which crystallises fjvm benzene in colour!^ rhombic laminae, often an 
inch long; and exhibitingthe combination oofoo . ooP , mPco , The comnound melts at 
236^ sublimes almost unaltered ut 210^ ; is nearly insoluble in water ana in solutions of 
sulphites, but dissolves easily in alcohol, ether, hot benzene, and acetic acid. The 
alcoholic solution after a while becomes acid and brown-coloured, and ultimately 
deposits black prisms having a metallic lustre ; on addition of hypochlorite of sodium, 
the solution yields green crystals, and then tetrachloroquinone. Octoehlorinated ethyl- 
hydroquinone mixed with quicklime, and moistened with a few drops of water, 
exhibits a fine green colour. 

Chlorinated Quinhydronea. — Tlie chlorinated hydroqiiinones combine with the 
chlorinated quinones, forming compounds which may be reg}ird<Hl as chlorinated 
qninhydrones (p, 213). These compounds are produced by mixing the a<^ueous 
solutions of their components, or by the action of oxidising agents on the chlorinated 
liydroquinones, or of reducing agents on the chlorinated quinones. The dichlorinatcd 
compound, C“H*C10*. C*H*C10^ sublimes in brown needles, which colour the skin 
purple, and redden litmus. — The tetrachlorinatcd comjx)und, C*1PC1*0’*. C*H*Cl-0* in 
the anhydrous state, forms yellow crystals ; in the hydrated state, with 2H*0, 
it forms violet crystals.— The nexchlorinated compound, (>11*C1*0*.C*HC1*0*, appears 
to be formed by treating trichloroquinone with a quantity of sulphurous acid not 
mtlioient to convert it completely into trichlorinated hydroquinono ; and the octochlu* 
rinuti d compound, C*IPC1^0^ C**C1^0*, by the action of nitrate of silver on perchlorinated 
liydnxjuinone. 

\pho 8 pliobjdro 4 uinoiilo acid. *= C®H*0*PnO* (Hesse, Ann. Ch. 

rharm. cxiv. 292). — Quinic acid dissolves in cold dilute aqueous jihosphoric acidwith- 
(»ut decomposition ; but on evaporjiting the solution, a copious evolution of gas takes . 
place nt a certain degree of concentration, and the nmiaining brown solution contains 
an acid, whose calcium-salt, which separates partly crystalline, partly amorphous, has 
the composition C*H*CaPO*, The formation of the acid is represented by the equation ; 


Cai>*OV+ VIVO* 

Quinlc acid. 


. c«ipro» + 

Pho«phohv<Iro- 

quinonlc 


CO + 4HH). 


Sulpliite of Bydro<iiiliione» C’*IP".SO* «« 3C*H*0*.S0^ (A. Clemm, Ann. CIi. 
Pharni. cx. 346). — When sulphurous anhydride is passed through a solution of 
quinone till that compound is completely converted into colourless hydroquinone, and 
the (tassiige of the gas is then further continued, the liquid again turns yellow, and 
<l(q>osit8, after concentration, yellow rhombohedral crystals having the above composi- 
li‘m. This compound is very easily decomposible, and gives off sulphurous anhydride 
when heated, leaving colourless hydroquinono. 

Sulpliobjdroqalnoiilo stolds. Acids containing the elements of hydroquinono 
and sulphuric anhydride ; produced W the action of sulphuric acid or anhydride on 
quinic acid and hydroquinone. (0. Iiesse, Ann. Ch. Pharm. cx. 194; cxiv. 292.) 

1. I)i8ulpho*hydroquinonic acid, C®H“S*0* *» C®I1‘‘012S0*. — Preparation of 
the barium-salt. — j^uming sulphuric acid is poured into fused or finely pulverised 
quinic acid, till a fresh addition no longer causes any considerable evolution of gas ; 
tiie liquid is gently warmed towards the end of the operation, diluted after cooling with 
a large quantity of water, neutralised with carbonate of barium, and evaporated to the 
iTystallising point The ciystals which first separate take up a large quantity||||^ 
c^r^hmring matter, so that the mother-liquor yiel<ls a less colourea salt 
The aqueous acid, obtained by decomposing the barium-salt with the exactly equivii* 
lent quantity of sulphuric aci^ or the lead-salt with sulphydric acid, forms an acid 
synip, easily soluble in alcohol, insoluble in Ulur, 

The acid is dibasic, but only the dimetallic salts have Iwen obtained. The salts and 
the aqueous acid produce with ferric hyilrochlorato a fine blue colour, which disappears 
on heating, and reappears with a dingy tint on cooling. The blue colour is also 
desirriyed, slowly by access of air, or by addition of nitric or acetic acid, quickly by 
addition of hydrochloric, sulphuric, or tartaric arid. A similar action is exerted by 
sal-ammoniac, chloride of barium, chloride of calcium, f-nlphate of magnesium, phosphate 
of M)dium, neutral acetate of lead, and ferric hydrochlorate. The salts separate metallie 
silver from the nitrate. • 

The ammonitmsalt, obtained by decomposing the barium-salt with carbonate of 
ammonia, separates from the concentrated aolutiim in lame crystals. 


APPARENT EXPANSION OF MERCURY. 
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Air* thermometer — 

0=^ 60® 100® 130® 150® 200® 250® 300® 360®; 

Mercurial thermometer — • 

0® 49'6® 100® 130-5® 161® 202*8® 265*2® 308*3® 362*2®. 

By a scries of observations of the heights of two mercurial barometers, one of which 
was kept at a temperature near 0® C., while the other was lieated to a liigher tempera- 
ture, Militzer (Pogg. Ann. Ixxx. 55) obtained for tho mean coefficieut of absolute 
expansion of mercury between 0® and 100®, the number 

0-00017406 + 0 00000082 = ± 

which differs considerably from Pegnault’s result, and is probably less accurate. 


Apjyarcnt Ex-p^vision of Mvrcuri/^ aiid detrrminaiion of the Cubical Kvpansion of 
Glass vessels . — By help of tho foregoing table of tho absolute expansion of mercury, 
the cubical expansion of glass vessels may be dett>rmined. Por tills purpose tho neck of 
tho vessel is dra\vn out to a capillary point; it is lillotl with mercury, care being taken 
to exclude all moisture or air; exposed successively to the temperatures 0® and 100®, and 
weighed with the quantity of nierciuy which tills it at each of these teniperatiu’es. Let 
the weight of the empty glass vessel bo . . . . , . t/;, 

tho weight of the vessel filled with mercury at 0® . . . . •» 

the weight of the vessel filled willi mercury at 100® . . . . = fV\ 

let A be the alisoluto expansion of mercury, and k tho cubical expansion of glass 
between 0° and 100®; then wo have 


IP — te 1 + A 
W’ — w 1 + K ' 


and therefore tc 


jr - w 

W — w 


(1 -f A) - 


1 . 


When once the cubical expansion of a glass vessel is known, tho absolute expansion 
of any liquid can be deduced, in tho manner already explained (p. 63), from iti 
apparent expansion ns observed in this vessel. li< nee a problem of frequent occur- 
rence is to determine the expansion of tho glass of a vessel shaped like a thennometer, 
and provided with a divided stem, for which the relative capacities of the bulb and of 
one division oi the stem hare been previously <leterniined. In such a ca.s«‘, it is only 
necessary to fill the apparatus to some ])arlicnl}ir point of llio seah* with well-hoih'd 
mercury, and to observe the apparent volumes of tlie m«’i*cury, v and v, at 0® and lOO®, 
expressed in divisions of the scale: tho expansion of the glass cun tlnui 1)0 c;ilcuhit«'d. 
For (p. 63) the apparent volume of the mercury at lOU® is equal to its voluino at 0® 
increased by the amount of its absolute ex]>ansion between 0® and 100'-' ; that is ; — 


v' (1 + «) = (1 + A), or «: = A (1 4- A) — 1. 


The apparent expansion of mercury in glass varies M ith the kind of glass employed, 
but may bo taken on ojl average = 0-0001646 for each degree centigrade. "J'his value 
may be used, for instance, without hesitation in calculating the coiTcctcd Icnglli of tlio 
j'ortion of tho thread of mercury in a thermometer which is not exposed to the bun- 
poruture that is to be measured. (See b^ow, Dtiermmailon of lioiliruj Points.^ Between 
0® and 100® the apparent volume of mercuiy in glass increases in tlie proportion of 
1 : 1-01545, while the real volume increases in the proportion of 1 : 101815; henco the 
cubical cxpanMon of glass is 

Another case in w1ii<3l thfe atolute e^apsion of mercury requires to bo taken into 
account, is in j^edueixtg iMtfometnc obscryatioiis to 0® C. (BAiiOMEXEu, i. 512, 513.) 

Expansion ^orAef^ii^t«i<fsi-4:ThdAb«pItitS«>«xpansion of any liquid can now be 
ascertained ffijlipg wiw it vS small glilW bottle, whose cubical expansion has been 
previously ascertained in the manner aErsftdy. ^escribed, and weighing tho bottle with 
the quantity oif liqmd ifthich fills it ai different temperatures. But a mon; rapid 
method, ana therefore one more frequently adopted, is to observe the apparent expiin- 
sion of the liquid in a dilatometetf an instrument Kha]>ed just like a <*omnjon inercuri;d- 
thermometer, and then to correct these observatioiw for tho previously known culiical 
expansion of the glass. In this way very numerous deU-nninalions liavr- been made by 
Isidore Pierre (Ann. Ch. Phys. [3] xv. 326; xix. 193; xx. 5; xxi. 336; xxxi, 118; 
*ixui. 199) and by Hermann Kopp (Pogg. Ann. Ixxii. 1 and 223; Aiin. Ch. Pliarm. 
xcir. 267 ; xey, 1^07; xevi. 163 end 303; c. 19). The principal results of these inves- 
tigations are given below. 



2ii HYDROSALICYMMIDE. 

The ba/rvumesalt^ 0*H*Ba"S*0*.4H*0, forms beautiful monocliaic^ prisms, with 
angles of 118® 4', When heated, it gives off suffocating vapours, h^droquinone, 
quinhydrone, and water, leaving a residue of charcoal. The salt dried in the air, or 
• over oil of viteiol, gives off at 90® from 10-8 to 11;6 per cent water (8 at f 11-31 per 
cent H*0), then between 120® and 160® an additional 8*8 per cent (1 at® 8*77 per 
cent. H*OJ, corresponding in all to 4 at The salt dissolves readily in boiling water, wiUi 
difficulty in cold water, and in alcohol either cold or boiling, but is insoluble in ether. 

The calcimt’Salt resembles the barium-salt 

The leadsalt, C«H<Pb"S*0*.Pb''H*0*, is separated from the concentrated solution of 
the barium-salt by neutral acetate of lead, as a bulky precipitate, which quickly changes 
into yellowish microscopic crystals having a silky lustre. When heated, it assumes a 
lemon-yellow colour, and becomes carbonised. It is nearly insoluble in water and 
acetic acid, easily soluble in nitric acid, precipitabJe by ammonia. 

The potassium-salt, 2C*H^K‘''S*0*.3H 0, is obtained by neutralising the aqueous 
acid with carbonate of potassium, and separates with the same composition, even from 
solutions containing 2 at. acid to 1 at. potash. It forms colourless prisms having a 
saline taste, easily soluble in water, sparingly in alcohol. They retjiin 6*9 per cent, 
water over oil of vitriol, give off the whole at 160°, and decompose when melted. 

2. Bulphodihydroquinonio acid, C*=^H*“S0® = 2OHW.S0^2H*0. Produced 

by the action of fuming sulphuric acid on hydroquinone. The solution, which is formed 
without evolution of gas, yields, when saturated with carbonate of barium, a barium- 
salt, which crystallises in concentrically grouped needles containing C2<H*®Ba"S20>®. 
This salt is easily soluble in water and in aqueous alcohol, sparingly soluble in abso- 
lute alcohol, and is precipitated therefrom in flocks by ether. 

3. Disitlphodihydroquinonicacid, C'*II'*S^0" = 2C®H®0*.2S0MP0. Hydro* 

quinone exposed to the vapour of sulphuric anhydride deliquesces and yields this acid. 
The C'HP^KS-O", crystallises in colourless monoclinic prisms or in 

flattened, sharp-pointed needles, easily soluble in water and in hot alcohol The solu- 
tion treated with ferric hydrochlorate acquires a transient dark-blue colour; it forms a 
white precipitate with ammoniacal acetate of le^d, and reduces silver from the nitrate. 

BTBR08AXZCTX.AMXBB. C'^‘H‘*N20> « N2(C»H«0)». Salhydrnmidc. Salicy- 
limide. Hydride of Azosalicyl (Ettling, Ann. Ch. Pharm. xxxv. 261). — This compound 
is produced by the action of ammonia on hydride of salicyl (salicylous acid) : 

3C''HW + 2NH» - C2'H‘«N20> + 3H*0. 

The hydride of salicyl is dissolved in 3 or 4 times its volume of cold alcohol, and a 
quantity of ammonia is added equal to that of the hydride of salicyl employed. The 
solution then immediately yields ycllowish-whito needles, and soon solidifies in a mass. 
On applying a gentle heat, the product dissolves completely, and the liquid, on cooling, 
deposits crystals of hydrosalicylamide. 

Hydrosulicylamide crystallises in triclinic prisms, without modification. Angle 
00 T : ooP; «117° 30'; oP : oo/P =-103° 80' ; oP : ooP/ =93° 30'. It appears to 
be insoluble in water, and dissolves but sparingly in cold alcohol, but quickly in about 
60 pts. of boiling alcohol. At 300° it melts to a yellow and brownish mass, yielding 
a white, very light sublimate. At a higher temperature it carbonises. It is not 
decomposed by weak potash-ley in the cold, but on boiling it gives off ammonia and 
forms salicylide of potassium. Dilute acids also do not decompose it in the cold, but 
on heating, ammonia is produced, and hydride of salicyl is set free. With an alcoholic 
solution of sulphydric acid, it yields hydride.of sulphosalicyl: 

+ 3H*S * 3C'H«OS + 2NH*. . 

HydroBnlicyl- Hydride of 

amide, lulpho-salicyl. # 

^hydrosalicylamide forms several salts in which part of the hyfcben is replaced bv 
metallic radicles. 

The cupro-cuprammonic salt, C^*H*®Cu*(N*H*Cu)"N^O*, is obtained by mixing a very 
dilute and slightly cooled alcoholic solution of hydrosalicylamide with ammoniacal 
acetate of copper (acetate of cuprammonium). The liquid immediately acquires a fine 
emerald-green colour, and gnvdually deposits brilliant lamin® of the same colour, the 
solution being at the same time decolorised. The crystals are insoluble in water and 
in alcohol ; they dissolve in cold dilute acids, but are reprccipitated on saturating the 
solution with an alkali. Strong mineral acids decompose them completely, liberating 
hydride of salicyl Dilute potash does not decom^so them without the aid of heat, 
hikI oven then but slowly. They melt when hoped, and yield by distillation an oil 
which solidifies on cooling, in a jrrystallino mass naving the odour of gum-benzoin; 

— To prepare this salt, an aqueous 

^ •/e«*Fesl8|. 




Temperature. 

Volume. 
(Volume at 0® ss 

0® 

1-00000 

1 

0-99996 

2 

0-99991 

3 

0-99989 

4 

099988 

5 

0-99988 

6 

0-99990 

7 

0-99994 

8 

0-99999 

9 

1*00005 

10 

1-00012 

11 

1-00021 

12 

1-00031 

13 

1-00043 

14 

1-00056 

U 

1-00070 

16 

1-00086 

17 

1-00101 

18 

1-00118 

19 

1-00137 

20 

1-00157 

21 

1-00178 

22 

1-00200 

23 

1-00223 

24 

1-00247 

26 

1*00271 

26 

1-00296 

27 

1-00319 

28 

1*00347 

29 

1-00376 

30 

1 00406 

36 

1-00670 

40 

1*00763 

45 

1*00964 

60 

1-01177 

65 

1-01410 

60 

1-01659 

66 

1-01930 

70 

1-02225 

76 

1-02641 

80 

1-02858 - 

85 

1-03 189 r 

90 

1-03640 

96 

1-03909 

100 

1-04-299 


heat; 

Expantion of Water. (Kopp.) 


Dmiity. 

(Density at 0° s 1 .) 

Volume. 

( Volume at 4° ss 1 ,) 

Density. 
(Density at 4^ a 




1-000000 

1-00012 

0-999877 

1-000053 

1-00007 

0-999930 

1-000092 

1*00003 

0-999969 

1-000115 

1-00001 

0-999992 

1-000123 

1-00000 

1*000000 

1-000117 

1-00001 

0-999994 

1*000097 

1-00003 

0-999973 

1-000062 

1-00006 

0-999939 

1-000014 

1-00011 

0-999890 

0-999962 

1-00017 

0-999829 

0-999876 

1-00025 

0-999753 

0-999786 

1-00034 

• 0-999664 

0-999686 

1-00044 

0-999662 

0-999572 

1-00066 

0-999449 ‘ 

0-999446 

1*00068 

0*999322 

0 999306 

1-00082 

0*999183 

0-999165 

1-00097 

0-999032 

0-998992 

1*00113 

0-998869 

0-998817 

1-00131 

0-998696 

0-998631 

1-00149 

0-998509 

0-998436 

1-00169 

0-998312 

0-998228 

1-00190 

0-998104 

0-998010 

1-00212 

0-997886 

0-997780 

1*00236 

0-997667 

0-997641 

1 1*00269 

0-997419 

0-997293 

1*00284 

0-997170 

0-997036 

1-00310 

0-996912 

0-996767 

1-00337 

0-996644 

0-996489 


>*0^6367 

0*996202 

1*00398 

^•^082 

0-996008 

1-00428 

FO-996787 







HYDROSILICITB— HYDROUS AKtHOBHYLLITE. 219: 

solution of ferric chloride is mixed with a qimntity of tartaric acdA sufftehmt to prevent 


two^l^ons are mixed. The mixture immediately acquires a deep hlood-red colour, 
and after Bome ume 


ne deposits a yellowish-red flocculent precipitate which graduaUv 
btH»mes darker coloured and granular. This precipitate is partially soluble in alcohol. 
It is not decomposed by cold dilute hydrochloric acid, but the hot concentrated acid 
decomposes it, with separation of hydride of salicyl. 

Lead-salts.— T\fO of these salts appear to exist. One of them is obtained by mixing 
a solution of acetate of lead with ten times its volume of alcohol, heating the mixtun*, 
pouring in a little ammonia, and adding an alcoholic solution of hydrosalicylamide 
co^titaining a small quantity of ammonia till the precipitate which forms at first no 
longer redissolves in the hot liquid ; this liquid on cooling doTOsits a yellow granular 
IHjwder.— The other lead-salt of hydrosalicylamide is obtained by mixing a solution of 
the hydramide with aqueous ammonia, and adding in the cold a solution of acetate of 
lead. Light yellow flocks are then formed, which be come strongly electric by friction. 

Hy«lw>bPomo»BUoyl«mWe. C^‘]I“Hr»N»0* =. N=(C'lt>BrO)* 0 / 

Pronmzosalicyl. Bromosamide. —Ohtamod by the action of ammonia on hydride of 
b!-omosalicyl (bromosalicylous acid). Its pn)|)ertios and reactions are precisely analo- 
Ln)us to those of the following compound. (Piri a.) 

Hydrochlorcaalicylamide. C2*H‘"C1»N=0» =. N^CaPClO)*. Hydride of 

Chlvrazosalicyl. Chlorosamide (Piria, Ann. Ch. Phys. [2] Ixix. 8()9).~-Produced by 
the action of "ammonia-gas on hydride of chlorosnlieyl (chlorosalicylous acid): 
ac^n^cio^ + 2NH» = C-'II^^CPN^O^ + 3IPO. 


On passing a current of dry ammonia gas over dry chlorosalicylous acid, the gjvs is 
ultsorlaxl and a yellow resinous mass is formed. To complete the rt'aetion, it is neees- 
sary to withdraw the mass from time to time, pulverise it, and again submit it to the 
action of the gtis. The product is then crystallised from absolute alcohol, or better 
fn»iM Ijot anhydrous ether. 

Jlydrochlorosalicylaiiiide crystallises in small yellow scales, tasteless, nearly insolublo 
in water, but soluble in alcohol and ether, especially with aid of lumt. Absolute alcohol 
dissolves it without alteration; but hot aqueous nlcoltol decomposes it, eliminating 
ammonia, especially in presence of acid or alkaline liquids. 

BTBROSZZiZCZTB. a hydrous variety of aiigite, occurring in amoimhous masses 
or ns a crust on the palagonite tufa at Palagonia and Aci ( 'astello in Sicily, associated 
or mixed with herschelite, phillipsiti* and calcito. According to v. Walb'rshausen, it 
contains 42 02 SiO*, 4*94 .\PO>, 2719 CaO, 3*41 MgO, 2 51 Na^O, 2 67 K»0, 16 06 
waii r and carbonic acid, and 2*19 insoluble matter. {liammdshcrf s Mineralchemie, 

p. 861.) 

BYSBOSTBATZTZL A steatite from Gopfersgriin, in which Klaproth found 59-6 
per eont. silica. 

BTOROTAXiCZTa. A talc-like mineral, translucent in tliin folia, from Snarum 
in Norway, where it occurs imbedded in serpentine. Hardness = 2 t) (Ilochstott«ir). 
SjK'cifie gravity = 2-091 (Rammelsberg). It dissolves easily and with effervescence 
in m-ids, retaining its solubility after ignition. Hermann examined a mineral (|which 
he called Vblknerite) evidently identical with this, from Sehesehernskaja in the 

Pral, where it occurs in the mica slate, together with chlorospinel, hydrargillite, and 
other minerals, and is said soinetimeg to form six-sided prisms cleaving perfectly 
parallel to the terminal faces. Specific gravity -= 2 04. ^ 

Analyse, a. by Hochstetter (J.pr. Chem. xxvii. 376).--5— c. by Ram melBbergP* 
{Mmcralchtmie, p. 166).—/. by Hermann (J. pr. Chem. xlvi. 237). 



a. 

b. 

c. 

ti. 

e. 

/. 

Alumina 

Ferric oxide , 

12-00 

6-90 

19-25 

1778 

18-00 

18-87 

1696 

Magnesia 

36-30 

37*27 

38*18 

37-30 

37-04 

37-08 

Carbonic anhydride 

10-54 

2-61 

6-05 

7*32 

7-30 

8-92 

Water . 

Insoluble residue , 

32-60 

1-20 

41-59 

37 99 

37-38 

37-38 

42-04 


99 60 

10072 

100 Oil 

luo-00 

100-69 

100-00 


Rammelsberg's and Hermann's analyses, al^stracting the carbonic acid, lead to the 
formula AP0».3H*0 + 6— 6(Mg^0.2H*0) or (AP)*‘U*0« 6— 

WBmous BJrTBOFBTB&ZTB. An altered fonu^of osbestiform trsmolite 
(p. 169) found on New York Island and in S<y>tlaud. 


when cooled, co tbat -nt about 4^ it ia more dcnie tban at anj otbar tetspctiitimi, 
Acoording to the first of the above formulae, the exact tcn!^end»r« at whi^ 
possesses its maximum denmty would be 4*09^. The results of other experimentsw 
indicate in general very neariy the same temperature for this point. For 
Hallstrom fixed it at 4*1® Despretz at 4°, Playfair and Joule at 3*96° Hagen at 3»87®, 
Frankenheim at 3*86® Pliicker and Geissler at 8‘8° (nearly), 0, t. Neumann at 3*68®. 
Although ^e melting point of ice (0® C.) ia also the point at which water foeeces under 
ordina^ drcamstances, it may by special precautions be cooled much lower without 
beoom^ solid (p. 74). It ia then found that the expansion which takes ^oe when 
water is cooled 4® to 0®, continues as the temperature sinks below the latter tem- 
p^ti^ This is shown in the following table by Desprets (Daguin’s TVaiti de PJty- 
si^uetiL 205. Paris, 1861), which the volumes and densities of water for each 
degree firom — 9® to + 4®, compared with its volume and density at 4® as unity. The 
complete tables which extends from — 9® to 100®, agrees in general very closely with 
that already ^ven by £opp ; it is therefore not necessary^to reproduce it here entire : 
the portion given oorresponds to the last two columns of Kopp’s table. 


Expansion of Water between — 9® and + 4®. (Despretz.) 


Tempera- 

ture*. 

Volume*. 

Denaities. 

Tempera- 

tures. 

Volume*. 

Deniltie*. 

-9® 

1*0016314 

0*998371 

- 2® 

1*0003077 

0*999692 

-8 

1*0013734 

0*998628 

- 1 

1*0002138 

0*999786 

-7 

1*0011354 

0*998866 

0 

1*0001269 

0*999873 

“ 6 

1 0009184 

0*999082 

+ 1 

1*0000730 

0*999927 

- 6 

1*0006987 

0*999202 

2 

1*0000331 

0*999966 

- 4 

1*0006619 

0*999437 

3 

1 0000083 

0*990999 

-3 

1*0004222 

0*996677 

4 

1-0000000 

1*000000 


Frankenheim f Jahresber. iib. Cheraie, u. s. w., 1852, 51) calculated foom Pierre’s ■ 
observations the following empirical formulae, to express the volume of water at ^®, 
compared with ifo Volume it 0® taken as unity : 

' ^ Between — 13® and 0®. 

1 - 0*00009417 t + 0 000001449 - 0 0000006985 P. 


It is not Uecessary to give the other six similar formulm which he calculated for other 
of temperature ^ to + 98®, nor to reproduce any part of the table wliich he 
^culam by meaJQk ^ them, except the following numbera referring to temperatures 

—16® —10® ■ -6® 0® 

Volumes 1*0037684 1 0016861 : 1*0006819 1*0000000. 

Tablil offfie ezpu^on of Ivahsr between 0® and 100® have also been constructed by 
Hagen (see Jahresber. ub, Ohsiiie, u. s. w., 186^ 50), Kremers {jhid, 1861, 62), and 
others. \ 4' V- ' 

Kopp’g table further ihcws that water expands more more rapidly as the tem- 
perature rises. This property lilmwise is found to remidn the same when, by increasing 
the pressure upon iti Water is'ks^t liquid at temperatures above 100®. Thus, for 
example, by observing hndeaif tbe,inidroscope the apparent expansion of water in ther- 
mometer-tubes, Sorby (Phil. [4] xviii. 81) obtained results from which he 
calculated the following formula for its expansion between 0® and 200® : 


r « 0*9977 + 0*000123 t + 0 00000330 
aispoids closely with the formula which he calculated for the same interval of 
t^pmtfoss frdfai experiments, na 


t; + O OOOllOl f + 0^00000343 i*, 

Pharm. 1351, 33; Ann. Ch. Pharm. cxix. 




Volume* calculated b/ 
Kopp’* formula. 

131*5 ; 
165*1 


, 1*0722 

f - 1*1016 

■ 

1*0429 

1-0716 

1*1014 






' ■' 

mTHmOSlMTCnnk See Znrc-BLOOX. 

wrmwmxo AC1B« acid belonging to tbe nrie add group 

diaooyered Schlieper (Ann. Ch. Phann. cvi. 11), and further inreatigated by 
Baeyer (ibid, cxxrii. 11). Schlieper, who assigned to it the fomn^ 
once obtained it accidentally in treating uric acid with dilute nitric acid, and concen- 
trating the mother-liquor remaining after the alloxan (i. 135) had ciystallised out; 
but he did not succeed in preparing it a second time. It was really produced by the 
decomposition of dialuric aci^ which is one of the products of the action of nitric acid 
upon uric acid (ii. 965), and in Schlieperis experiment was decomposed by the heat of 
the sand-bath in which the syrupy liquid had been allowed to remain. 

Baeyer obtains hydurilic acid by heating dialuric acid with glycerin (which acts 
merely as a solvent) to about 160®, the dialuric acid then splitting up into hydurilata 
of ammonium, formic acid, and carbonic anhydride : 

5C«H^N*0< « 2C*H\NH«)N«0« + CH*0» + SCO*. 

Dialuric acid. Hjrdiirllate of am- 

monium. 

Preparation from Uric ocid.-rThQ uric acid is first converted into alloxan by 
Schlieper s method of oxidation with hydrochloric acid and chlorate of potassium 
(i. 135) ; and the alloxan, after being dissolved in lukewarm water, filtered from the un- 
altered uric acid, and decolorised if necessary with pure animal charcoal, is converted 
into dialuric acid by reduction with stannous chloride. For this purpose, a quantity 
of tin equal to the weight of uric acid employed, is dissolved in excess of strong 
hydrochloric acid ; the still hot liquid is added all at once to the alloxan solution ; and 
more hydrochloric acid is added till the volume of the liquid amounts to 4 litres for a 
pound of uric acid decomposed. The preceding proportions must be carefully observed, 
for with a smaller proportion of tin, alloxantin is obtained instead of dialuric acid ; 
and unless a large excess of hydrochloric acid is used, dialurate of tin separates in 
hard crusts, very difficult to decompose. On leaving the strongly acid solution to 
stand for a day, dialuric acid crystallises out in yellowish stellate groups of short four- 
sided prisms, which must be quickly washed, and dried in a vacuum. The quantity 
obtained amounts to about 50 per cent, of the uric acid employed. 

To convert the dialuric acid into hydurilic acid, 9 pts, of the perfectly dry substance 
is mixed in a capacious flask with 5 pts. of concentrated glycerin (as it is obtained by 
evaporation in a basin till its temperature rises to 160®). and heated in an oil-bath to 140® 
— 150®. A brisk and regular evolution of carbonic anhydride then takes place, and as 
soon as this ceases and the contents of the flask have become solid, the temperature is 
raised for a short time to 160®, and the glycerin, after cooling, is removed by washing. 
A yellowhih-white grjinular powder is then left, consisting of acid hydurilate of 
ammonium (p. 221). The glycerin takes no part in the reaction, but acts merely as a 
solvent. 

To obtain the free acid, it is best to convert the acid ammoniura-salt into a copper-salt 
and decompose this salt with hydrochloric acid. The crude ammonium-salt is dissolved 
in boiling water, ammonia is added in slight excess, and solution of cupric sulphate is 
•added to the filtrate. The liquid then assumes a dark-green colour, and, if hot, deposits 
on cooling red warty crystals of neutral hydurilate of copper. This salt is then de- 
compo.sed by hot hydrochloric acid, and the hydurilic acid which crystallises out is 
washed with dilute hydrochloric acid and dried over the water-bath. 

Properties . — Hydurilic acid prepared as above forms a bulky white powder having a 
yellowish tinge ; by once re-crystallising it from water, it may be obtained quite pure 
and colourless. It is very sparingly soluble in coldtcafcr, somewhat more in hot water, 
and crystallises therefrom on cooling in small four-sided prismi^ntaining 4 at. water, 
C*H*N^O*.4H’*0. It is also but very slightly soluble in alcoh^Lk\i\c\ however, does 
not precipitate it from the aqueous solution . — Sulphuric acid dGiolves it without de- 
composition, and on adding water, part of the hydurilic acid ittiparates out again. In 
hydrochloric acid it is even less soluble than in water, and is gradqally precipitat^ 
by it from the aqueous solution. From a hot concentrated solution in hydrochloric 
acid, or from an ammoniaeal solution decomposed by hydrochloric acid, it separates 
as a crystalline powder consisting of rhombic tablets containing 2 at. water of crys- 
tallisation : C*H*N^0*.2H*0. The water, amounting to 6*86 per cent (2 at. ■■ 677) 
is pven off at 140®. 

Hydurilic heid bears a tolerably high temperature without decomposition; it like- 
wise offers considerable resistance to the action of alhalis, being attacked but slowly 
and without blackening, by melting potash, with formation of oxalic acid. It is not 
attacked by reducing agents ; but oxidising agents, such as chlorine, bromine, nitric acid, 
oxide of silver, jperoriVfe of lead, and sesquich^oride of iron, attack it very quickly, 
yielding various products. \D\en heated with ferric cJUoride, it yields oxyhy- 


y HEAT.' ■ 

of saUiid «ttlwto<Jef in solution in water renders ite rate of expannoo 
^10 pniscnos j above 100*^ [For determinatioiis of the rate of expan- 

«p»|»yafcnii, l)0th^^ 894 ; Jahpesber. ub. Chomie. 

WlU*- lithium, »ndbariuin.-Further, 
fc*. w., 18«7[1J • ^ 41: chlorides of calcium, cadmium, strontium, 

*bromi^rfm>tassiim, sodium, Uthium, barium, strontium.— Further. 
.OTc,n^esiu , ^ ^ bromides of strontium, calcium, magne- 

Pogg. 4?“' ^ of potassium and sodium; hydrochloric acid.— Further, 

P^. iU^eO; JaiLber. I860, 46: ioides of I'^hi™. 

S Cesium, zinc, cadmium.-FtfrOier, Poffi. Ann. cxiv. 41 ; JiAresber. 1861 60 . 
ntoto^d sulphates of potassium, sodium, hthium; aqueous mtric md srf^uno 
SdS) G“rUef (JahresbL 1869, 42-48: chlorides of pot^ium, sodi^ lite 
mSkumrmagnesium, calcium, barium, aluminium; sulphas of potassium Md 
sodium; carbonates of potassium and sodium; tar^c acid, citnc aci^ ^Mugar), 
and Sorby (loo- ait. : chlorides of potassium and sodi^, sulphat^f s^um).] 

The temperature of maximum density of aqueous solubons IS lowte than tl“‘ of P“" 
water In W with solutions of many substances, this temperature lies lower than the 
^n^ freezing-point of the solution, and is in gene^ (as w^ as the freezing-pomt) 
lower the larger the proportion of saUne matter contained in the solution. 

Tdinti of Maximum Density and Congelation ef Aqueous Solutions. (Desprets.) 

I Weight of iubjUnce Temperature of maxi- Freerlng-uolnt of the 

SubJtances. in 997*46 part* of water. mum density. solution when ihaken. 


Sea-water . * 

Chloride of eodium 


Chloride of calcium 


Sulphate of potassium 


Sulphate of sodium 

i» »» * 

It II 

I II 11 • 

I Carbonate of potassium 

I Carbonate of sodium 

1 11 II 

Sulphate of copper 
I Fotiosh . 

i Alcohol 
Sulphuric acid 



~ 3*7® 

12*3 

+ 1*2 

24*9 

- 1*7 

37*0 

- 4*76 

74*1 - 

- 16*0 

6*2 

+ 3*2 

12*3 

+ 2*06 

24*7 

+ 0*06 

370 

- 2*4 

74*1 

- 10*4 

6*2 

+ 2*9 

12*3 

-h 1*9 

24*7 

- 

37*0 

- 2 #-^ 

74*1 

- 8 * 4 . 

6*2 

+ 2*8^^ 

12*3 

+ 1*16 

24*7 

- 1*6 

37*0 

- 4-8 

37*0 

- 8 96 

74*1 

-12*4 

37*1 

- 7*0 

74*1 

- 17*3 

68*0 

- 0*6 

37*4 

- 6*6 

74*1 

- 16*96 

74*1 

+ 2*3 

12*3 

+ 0*6 

24*7 

- 1*9 

370 

- 60 


~ 1*880 
- 0*8 

- 1-4 

- 21 
-- 4*3 
- 0*2 
- 0*6 
- 1*0 

- 3*9 

- 6*3 

- 0*1 

- 0*3 

- 0-66 
- 2-1 

- 4*1 
- 0*2 
-0*4 
-0*7 

- 1*3 

- 3*2 

- 2*26 
- 2 86 
- 2*2 

1*3 
- 2*1 
i**- 4*3 

h 2-8 

0*4 
- 1*1 
- 1*3 


In the tables which follow, Kopp has collected tojwllieaf. th© rewljs of his own a nd 
Pierre^s determinations of the expansion of nearly mnety o^^r otsme* 

In each table, the several sabstances are arranged in tha thwt 1»»WigTpoints» 

beginning with the lowest. Except where the contwury vdlnnie m 

liquid at 0® C. is taken as the umt, with which its voliin^at h^^M ttenparatureB is 
compared. > 

Table A (Ann. Ch. Pharm. c. 21) gives the expansion^ of seren nitrogenous com- 
pounds from the determinations of Kopp and Pierre. 
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durilic acid, an acid not yet examined, but characteriaed bj the blood>red colour 
which it produces with ferric aalts. With a mixture of hjfdrocnlortc acid and cMorate 
of potamwmy hydurilic acid yields dichloro-hydurilic acid, CWCI’N’O*. — 
Fuming nipic acid oonyeita it into alloxan without any other product; but with 
nitric acia of ordinary strength, it yields alloxan together with viol uric acid, 
vioiantin and dilituric acid (ii. 965). If the action be carried on to the end, 
with aid of heat, the only product is dilituric acid * ; but if it bo interrupted at an 
earlier stage, a mixture is obtained, raiyiug in composition according to the duration of 
the action : 

+ NHO* - C*H*N»0* + CaPN-0* + H*0; 

Hydurilic acid. Violuric Alloxan. 

acid. 

C«H«N«0« + 2NHO* « C'n>N«0» + + NHO* + H^O. 

Hydurilic Dilituric Alloxan. 


Dilituric acid may indeed be regarded as a product of the oxidation of violuric acid, 
C*ll*N*0* == + 0 ; and vioiantin, C“H*N®0*, is a compound of the two. With 

nitrous acid, the same products are obtained. With nitrite of potassium and excess of 
nitrous acid, the products are violurate of potassium and alloxan: 

C»H‘N*0« + NKO* + 2NHO» - C*IPKN«0» + CWN^O* + 2IPO + 2NO. 

IlyduriUc Violurate of Alloxan. 

acid. potatiium. 

Hydurilic acid is most distinctly characterised by the splendid dark^een colour 
which the acid and its salts produce in a solution of ferric chloride. The colour is 
destroyed by strong acids and alkalis, also by heat, the hydurilic acid then decomposing 
and the colour changing to red. Characteristic also are the chalk-white precipitates 
produced on adding hydrochloric acid to the alkaline solution, and the reactions with 
hydrochloric acid and chlorate of potassium and with nitric acid, just mentioned. 

Bydnrilates. Hydurilic acid is dibasic, yielding both acid and neutral salts. It 
dissolves easily in ammonia, potash, and soda, forming moderately soluble salts; the 
other hydurilates are sparingly soluble or insoluble. These salts cannot, however, in 
pt neral be obtaineni by double decomposition, since the acid has a great tendency to 
form double salts ; they must therefore be prepared with the free acid. The acid 
decomposes most metallic chlorides, forming acid salts ; also acetates, with formation 
of neutral salts, excepting in the case of the ammonium- and potassium-salts. 

Hydurilates of Ammonium. — The acid salt, C*IP(NH*)N^O* obtained bjf 
heating dialoric acid in glycerin (p. 220), is nearly pure, having only a faint yellowish 
colour. It is moderately soluble in boiling water, and separates, on cooling, in crusts 
nnd granules. By solution in hot dilute ammonia, and precipitation with acetic acid, 
it is obtained quite pure, in small octahedral crystals, which, however, soon lose their 
form. Strong acids remove only part of the ammonia. The crystals are anhydrous. 

The neutral^salt, C“H*(NH^)’‘0* is obtained by mixing the acid salt with ammonia, 
and separates from a hot saturated solution by rapid cooling in needles containing 2 at. 
water ; it is also obtained in the same form by precipitation with sulphide of ammonium, 
in which it is insoluble. The solution when left to stand, or slowly evaporated, deposit! 
h«rpc shining monoclinic prisms, with dihedral summits, containing 4 at. water, aod' 
et!li)^‘Kcing, with loss of water and ammonia, when exposed to the air. (Forllammels- 
b* rg’s determination of the form of these crystals, see Ann. Ch. Pharm. cxxvii. 19.) 
Tlie salt is moderately soluble in water, very easily in ammonia, and is completely 
precipitated therefrom by alcohol in amorphous flocks or in needles. 

Hydurilate of Barium (neutral), C*H*Ba''N*0* 2H*0, is obtained as an amor- 
phous precipitate, which soon becomes crystalline, on adding a hot solution of hydurilio" 
acid to acetate of barium. 

Hydurilates of Calcium. — The acid saJt, separates, OM 

^Iding hydurilic acid to a solution of chloride of calcium, in small shining prisms^ 
insoluble in water. The neutral salt, CH'CV'N^O^.eH'O, is obtained by decomposing 
acetate of calcium with hydurilic acid, as an amorphous precipitate, which becomes 
crystalline on standing. It gives off 2 at. water at 130®. 

Hydurilates of Copper.— The acid salt, is obtained by 

adding cupric acetate to excess of hydurilic acid, or by mixing the acid with cupric 
sulphate. I'rom concentrated solutions it separates in green needles ; from more dilute 
Solutions, in thin prisms of a shining yellow colour. It is dccoojposod excess of 

• Rch’i^l>^r'« *• nitro^hydurille arid,'* obuin^ bjr Ihe action of hot nitric »cW on bjrdurilic add, w«l 
dilituric Add conUiniog poUth, derived from lh« impure bjrdurilic acldu»ed. (Beejrer, 
Ann.Cb. Pharm CXXVU.2H.) • • 
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strong acids. When heat^, it gives off the whole of its water, and is converted into 
a red powder'of the anhydrous salt, which is also precipitated immediately from hot 
solutions. , 

The neutral sdt, C«H^Chi''N<0‘.8H*0, is obtained by adding hydunlic acid to excess 
of cupric acetate, or by mixing the neutral ammonium- or sodium-salt %rith cupric 
sulphate. Cold dilute solutions yield a red precipitate of the hydrated salt, consisting 
of abort needles ; warm concentrated solutions, a dark brown-red precipitate of the 
anhydrous salt The red salt is converted by heat into the brown salt, giving off its 
water, but recovers it in contact in water. The salt is decomposed by excess of hydro- 
chloric acid, yielding hydurilic acid and clilorido of copper. 

Hydurilates of Iron . — The ferric salt is a dark green, easily decomposible pre- 
cipitate; the ferrous salt is a white precipitate which soon turns green. 

Hydurilate of Lead is a white precipitate, insoluble in acetic acid, insoluble in 
water, soluble in nitric acid; obtained by adding hydurilic acid to neutral acetate 
of lead. 

Hydurilate of Votassium has not been obtained in definite form. A solution of 
hydurilic acid in potash mixed with acetic acid, yields hydurilic acid containing 
variable quantities of potash ; alcohol also throws down from the same solution a 
substance containing more potash than the neutral salt would contain. 

Hydurilate of Silver . — Acetate of silver forms with hydurilic acid small shining 
prisms, which soon turn grey : with a cold solution of hydurilate of ammonium, it 
forms a white precipitiite ; with a warm solution, crystals which soon turn black. On 
boiling the silver-salt with water, silver is reduced, and the hydurilic acid is oxidised, 
forming oxyhydurilic acid (p. 221). 

Hydurilate of Sodium, C*H'Na^N^0MI*0, is obtained by acidulating a solution 
of hydurilic acid in strong soda-ley with acetic acid, and adding alcohol. The neutral 
salt then separates in small, colourless, shining prisms, which are moderately soluble 
in cold, easily in hot water. The acid-salt does not appear to exist. 

Hydurilates of Zinc . — The acid salt. C*“ir“Zn"N“0'’‘^, crysbillises from a solution 
of zinc-chlorido mixed with hydurilic acid, in beautiful feathery groups of needles 
having a strong lustre. The neutral salt, C''H‘Zn"N^0®.4H*0, separates on mixing 
hydurilic acid with excess of zinc-solution, as a white amorphous precipitate, which 
soon becomes crystalline. 

BiobloroliyduriUo sold. C*H^CPN^O". — This compound is prepared on adding 
chlorate of potassium by small portions, and with constant stirring, to a pasty mixture of 
hydurilic and strong hydrochloric acid. A snow-white powder is thus obtained, which is 
very slightly soluble in water, cither hot or cold, and is most easily purified by dissolving 
it in strong sulphuric acid, which exerts but little action on it, but thickens when heated 
with it over the water-bath, and, on gradual addition of water, deposits the chlorinated 
acid in small rhofnbic crystals, containing C®H*CPN*0®.4IP0. It is especially per- 
manent in acid liquids, is not attacked by chl^ne, and but slowly by warm nitric 
acid, with formation of dilituric acid, but is easily decomposed by alkalis. 

Dichlorohydurilic acid is a strong dibasic acid, which dissolves in alkalis, especially 
with aid of heat, and is reprecipitated by hydrochloric acid. The solutions turn red 
on boiling, yielding a metallic chloride, and an acid not yet examined. 

The neutral potassium-salt, C*H*K^CPN^0®.4H*0, crystallises from a warm solution 
of potash saturated with the acid in small, beautiful six-sided tables. It dissolves 
sparingly in cold, more readily in hot water. It retains its water of crystallisation at 
120® ; at a stronger heat it turns red and decomposes. , 


BTGRZnrB. (Wohler and Lossen, Ann. Ch. Pharw exxi. 374. — Lessen, 
XHssertation.) - An organic base occurring, together with w^i’ne, in coca-leaves 
(i. 1059). To extract the two bases, the leaves are exhaustBWith rain-water at a 
temperature of (JO® to 80® ; the united extracts are precipitated^ with neutral acetate of 
lead and filtered; the filtrate is precipitated with a saturated aqueous solution of 
sulphate of sodium, again filtered and concentrated ; and the concentrated liquid, after 
being rendered slightly alkaline by Ciirl)onate of sodium, is agitated four or six times 
with ether to extract the cocaine. The remaining liquid mixed with an additional 
quantity of carbonate of sodium, and again shaken with ether, yields hy^ne and a 
neutral oil having the odour of tobaciH). These substances remain when tiie ether is 
distilled off; and on further heating the residti^ till it boils, the temperature quickly 
rises to above 280°, and a brown alkaline oil distils over, while a black resin is left 
behind. When the distillate is maintained at 140°, for some hours, in a stream of 
liydr^n, the greater pait passes over of a yellow colour (a), while the remainder 
volatilises only at 140® to 230®, and condenses to a thick brown oil (5). Hygrine is 
contained in both portions ; that in however, is contaminated with a neutral oil ; 
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that in a with an easOy yolatilised subatanee. To reihoi% alittle ammonia pmtan^ a 
is converted into oxalate, the salt is dissolved in abaolute alcohol, the solution 
evaporated, and the residue mixed with caustic potash, which separates the hygrine 
in form of oil The alkaline solution is heated to boiling in a stream of hydrop;en, 
when the hygrine, dissolved in the water, passes over (by adding water to the residue 
and again distilling to dryness, a ftirther quantity may be obtained), and is extracted 
from the distillate by ether; on again distilling the ethereal solution, the hy^’ue 
remains behind. The neutral oil in b is removed by dissolving b in water containing 
hvclrochloric add, shaking the solution with ether, and separating the ethereal layer; 
alter which, the acid solution is supersaturated with caustic soda, and the hygrine 
taken up by ether, as in the treatment of a. (Lessen.) 

Hygrine is a thick, pale-yellow oil, having a strong alkaline reaction, a burning 
tiiste, and an odour of trimethylamine. It produces white douds with the volatile 
acids ; distils veiy slowly with vapour of Water. It does not appear to be poisonous. 

Hy^ne does not dissolve in water in all proportions. The aqueous solution forms 
a white precipitate with dichloride of tin, yellowish with sulphate of iron, light blue 
with sulphate of copper; on Iwiiling the solution, the copper precipitate becomes 
granular, but not brown. Hygrine forms white precipitates with chloride of mercury 
and nitrate of silver; the silver precipitate quickly turns brown. 

Hygrine combines with hydrochloric acid, forming deliquescent crystals. The 
aqueous hydrochlorate forms a brown flocculent precipitate with di-iodids of potassium, 
red-white with dichloride, of tin, white with corrosive sublimate, partly flocculent and 
partly in oily drops. With tetrachloride of vlatinum it forms dirty white-yellow (or red) 
flakes, which are decom]X3sed by heating the liquid, and do not appear in very dilute 
solutions. Picric add throws down from hydrochlorate of hygrine a yellow powder ; 
yallotannic acid, a white poecipitate. 

Hygrine dissolves in alcohol and in dher. 

BTOBOMaTER. HTOBOMUTllY. A Hygrometer (pyp6s, moist; girpov, 
measure) is a^ instrument which measures the amount or degree of moisture in the 
atmosphere. There are, liowevor, several kinds of hygrometers which measure, or ara 
said to measure moisture, by entirely different modes, and the problem itself— to esti- 
mate the degree of moistness of the air — is found on examination to be quite ambiguous. 
It is therefore necessary to attend to the principles of the subject. 

Principles of Hyqr(>metry. — Water, both liquid and solid, always tends to assume 
the gaseous form, and in so doing exerts an elastic force increasing as the temperatura 
risfs. In fig. 565 the curve ABC* is drawn so jis to represent the law of the clastio 
force of aqueous vapour : if the divisions along the horizontal axis represent the tem* 


Fig. 665. 



perature of the water in degrees Fahr., the perpendicular lines drawn from them to the 
vurve, being measured, will give the corresponding force of its vapour estimated in the 
height of the column of mercury which it would be able to sustain. 

The elastic force obviously increases in a higher ratio than the temperature, aod, in 
prder that such increasing force may be exerted when water is confined in a given space, 
it is necessary that a larger and larger quantity of water should become vapour, it is 
true that if the weight of vapour be not increased, its elastic force will nse with its 
temperature, but in a much less ratio. For aqueous vapour, like any other gas, tends to 
expand by ^th part of its volume at 32® F. for every degree of increased tenmerature. 
^ hus, if the vapour which rises from water at the temperature of 60® F. and has the 
plastic force of ’516 inch be confl^nod in the same space, but apart from watOT, and 
h^ted, its elastic force will rise in a manner represented by the straight line BE 
666) ; but if more water be present to supply additional vapour, the elastic force of 
the whole vapour would rise, as shown by the curve BC. 
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On the other hand, if the tapour at 60^ F» be cooled, it will, as a gas, tend to exert 
an elastic force Wing as the straight line BD, Bat the elastic force which liquid 
water exerts falls more rapidly, as shown by the curve BA ; hence part of the vapour 
must be condensed to the liquid condition until the elastic force of the remainder is 
not greater than that which rises from water at that temperature. The following 
definitions will now be understood. Aqueous vapour is said to be saturated, and of 
maximum elastic force, when any reduction of temperature, or any increase of pressure, 
would cause some of the vapour to be condensed. The temperature of saturated 
vapour is said to be at the dew-point. Thus aqueous vapour of 60® F. and of an elastic 
force of *618 inch is saturated, and 60® is its dew-point Any portion of aqueous 
vapour has a dew-point ; for the temperature may always be reduced so low that a 
portion will be condensed by any further reduction. 

What is true of aqueous vapour alone is also true of aqueous vapour mixed with air: 
for it is a law that mixed gases do not exert their pressure upon each other. The 
only difference is, that vapour does not spread so rapidly into a space occupied by air 
as it does into a vacuous space. In an indefinitely small space, then, the vapour and 
air may be considered perfectly independent of each other. Tlie larger the volume, 
the longer do we need to wait until diffusion has produced perfect mixture. ^ Air is 
said to be saturated with moisture when the aqueous vapour it contains is of maximum 
elastic force. The temperature of the air is then called its dew-point— for any reduc- 
tion of temperature would cause the condensation of some vapour in the form of eUtcy 
particles. 

The degree of humidity, or of saturation, is the ratio which the vapour in the air 
bears to what it might contain. (See Haat, pp. 81, 83.) 

Oondenilnv Hygrometers are those which, by cooling the air until the contained 
vapour begins to be condensed, indicate the dew-point, and thus enable us to learn the 
elastic force of the vapour. Dalton first proposed this method of ^ygrometry, using 
a cup of cold water. Le Hoi proposed the use of ice for this purpose; and in 
the absence of any hygrometer, the dew-point may be ascertained very accurately, by 
exposing to the air a small bright metal cup, for instance a platinum crucible, 
containing water cooled by ice or by some salt, such as sal-ammoniac or nitrate of am- 
monium, dissolved in it. The water is to be stirred with the bulb of a small thermometer, 
and the degree noted at which dew begins to form or to evaporate on the bright metallic 
surface. 

. D anieW a Hygrometer was the first accurate instrument invented, and may still be 
used to determine the dew-point with considerable ease and exactness {DanUWs 
Meteorological Essays, p. 127). It consists {Jig. 666) of a 
small glass siphon, at each end of which is a thin glass 
bulb about If inch in diameter. The longer leg ah is 
about 4 inches long and contains a small but very delicate 
thermometer, the bulb of which is within the terminal 
glass ball. The siphon contains so much common ether 
as when poured into the lower bulb c will rather more 
than half cover the enclosed thermometer-bulb. Before 
the tube is sealed up, the ether is boiled, so as to drive out 
the whole of the air. The essential part of the instru- 
ment is completed by covering the upper bulb d with 
muslin and gilding a part of the lower bulb. It is now 
usual, however, to make tliis lower bulb of black glass. 
The siphon-tube is placed for use upon the little stand 
which contains the second thermometer f in order that 

0 tho temperature of the air may b# observed at the same 
time as its dew-point \ak 

f To make an observation, all ether within the 

instrument is first poured into the lower bulb. Then 
taking a bottle of common ether, a few drops are poured 
upon the muslin of the upper bulb. Its evaporation cools 
the bulb and condenses the ether vapour wuhin. Fresh 
vapour flows along the bent tube from the lower bulb, and, 
in the manner of Wollaston’s cryophortis, the tempera- 
ture of this lower bulb is gradually reduced, until the dew-point of the surrounding 
air is reached, and dew may be observed forming upon the gilded or blackened surface 
of the bulb. The dew-point, as shown by the included thermometer, is then to be 
read, but accuracy is only to be attained by observing several successive depositions 


Eig. 666. 



* A negleci of tbit fict has led many eminent meteorologiata to consider the atmosphere as coos* 
Md of two indapeodeot atmospheres, namely of aqueous vapour and of tha other gases. Nothing can 
more erroneous* 


posed 

Miao 
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gad etapondotiB of dew in a manner Mly demnbed under the head of Begniauh'a 
Jfym*oeter, ^ 

The hj^meter of Dam’ell, however elegant and pleasing in tbeoiy, has many 
sources of inconyenience and inaccuracy. The expnditure of ether is oonsideraUe a^ 
costly, and in a hot and dry climate it is very difficult to obtain any deposition of dew 
during the long>continued manipulation and close observation of the instrument which 
is always necessaiy. The warmth and moisture of the hand and biiy are sure to affect 
the indications of both thermometers. The cold ether vapour flowing from the upper 
bulb may also cause inaccuracy. The last and most important objection is that cS 
is produced only at the surface of the ether in the lower bulb, and there is no agitation 
of the liquid to ensure uniformity of temperature. Hence the internal thermometer 
may often indicate a temperature some degrees different from that at which dew is being 
deposited. This oyection is partially remedied by making the lower bulb oblique, so 
that one part of it shall be nearly in contact with the thermometer-bulb ^thin. 
Haniell, well aware of this objection, remarks that dew will first be deposited in m 
circle round the bulb near to the surface of the ether, and directs that the thermometerw 
bulb shall be placed so as to be cut by the surface of the ether. 

Subsequent to Daniell’s invention, several dew-point instruments were devised, in 
which the evaporation of ether was made to cool the bulb of a thermometer and cause 
a deposit of dew, either upon the bulb or a metallic capsule in a more simple manner 
Such is that of Jones (Phil. Trans. [18261 cxvi. pt ii. 63). Of a similar nature ai^ 
the hygronUire d capsule and the hygromkre d virole (Tor of Pouillet(6Wm de. 
Phvs. [7th ed. 1856] ii 739). That of M. Belli (Ann. Ch. Phys, [3] xv. 506) is 
different and very ingenious, ginng a continual indication of the dew-point. 

C on n eir 8 Hygrotneter, very lately proposed, and to some extent, we believe, brought 
into use, consists of a thermometer witli its bulb imraerse<3 in ether, contained within 
a small metal globe. A common exhausting syringe is used to cause the evaporation 
of the ether, and the dew-point is then ascertained, exactly as in Haniell’sorRegnault’s 
fi^^^meter. This method presents some slight advantages over Baniell’s, but retains 
all Its worst causes of error and inconvenience. It is also an expensive instrument, and 
cannot compare with Regnaiilt’s Condenser Hygrometer either in theoiw or in practice. 

It IS de^nbed in the Transactions of the lioyal Society of Edinbuigh xxi., and Phil 
Mag. [4] vm. 81. o i . 

I)r George Cumming|8 HyarcniHer (Quar. Jour, of Sci. &c. 1828, Jan. te June, 
p. 403) seems first to have introduced a methtxl now finally adopted as the best It 
CfmsisU^ {fig. 667) of a thin glass or metallic tube 

containing a delicate thermometer enveloped in Wia Km vLi isaa 

i»|K)nge or other porous substance, upon which a * V* • 

little ether was to be poured. Almost any degree 8 

of artificial cold conld tnen be produced by a stream I 

of nir from * pair of bellows, or other pneumatic 

contn>*ance. The only important objection to this Y ~ |* 

instrument is the presence of a spongy or porous I 

substance, which would prevent perfect uniformity of TFtT « 

temperature within the tube. I V 

obereiner further proposed a hygrometer in f J 

iieh a current of air from a forcing pump is made | j 

^ reverse the ether, disposed as in l)anieli*8 instru« I 

pJva Condenser Hygrometer (Ann. Ch. 11^ T 

intrfrti ^ described os a perfect ® || ^ ■ 

iDijrementof its kind. In its complete form (fig. i If | 

® brightly polished L J / 1| | 

fixed glass tube 5, which again is nr 'U f 

^ the iSetallic [Wj iU Hii 

tube A 4*® stand. The upper end of the glass 
tube e d* t)y a cork, bearing a thin glass 

to the bottom of the silver TO 

meter ^ delicate and accurate thermo^ I vlT w 

of the tK* ^^‘®tiaped bulb of which is in the centre f* 
meter A exactly similar thermo- 1 1 

4himbie placed within a glass tube and silver ^ XL. 

1i»« *u!rv On the other side of the stand. 

To penetrated by any ^ tube. 

' Iii^ * ooaervation, so much gm^ther is poured into the tube 6 as will ratW 
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mon Hum flU the thimble to the level t, and the cork being fitted in M tight, the in 
itrument is put in connection, by means of the caoutchouc tulm ff, with a “P* 

»tor, by whfch an exactly regulated fiow of air throi^h the instrament majr be obtained. 
The aerator, which may have a capacity of 3 or 4 litrM (3 or 4 qua^) is placed close 
to the observer, and the hygrometer may be at some distance, for instance outside a 
window, being observed, if necessary, with a telescope. ... ,, , 

Now when water is allowed to flow from the aspirator, air is drawn through the 
tube, and bubbling up through the ether, causes a niore or less rapid evaporation. The 
tem^ture of th?etW is thus slowly reduced, and firem Us constant agitation by the 
stream of air, the silver thimble and the thermometer-bulb are mam amed at an exactly 
similar temperature. After a minute or two at the most, dew wiU ^gin to form on 
the thimble and will be very visible on Us brightly polished surface. The thcr- 
mometer is instantly to be read, and the stream from the aspirator to be stopped. 
•Suppose that the reading observed is 481“ R, the deposit of dew may increase for a 
few moments, but will soon begin to evaporate again, the thermometer rising. At the 
moment that the dew entirely disappears, read the thermometer again ; let it be 49 3. 
Considering that dew requires a short time to form or evaporate m a visible degree, it 
is obvious that the dew-point lies between 481 and 49'3. I^t an exceedingly slow 
current of air be now drawn through the ether, so that the thermometer is very 
gradually reduced to 49 2, 49 1, 49 0, and so on. The point at which dew first appeare 
may now be observed with much greater accuracy ; let it be 48'8. Still it is probable 
that 48-8 is somewhat below the exact dew-point. If, when the current is stopped, the 
small deposit of dew vanishes at 49-0, we. may consider the mean, or 48-9, to be the true 
dew-point ; but if necessary we may, by still slower procedure, approximate even more 
closely. “All these operations,” observes M. Rcgnault, “ take more time to desenhe 
than to execitte ; with a little practice, three or four minutes are sufficient for deter- 
mining the dew-point almost within 5^5 of a degree Centigrade.” 

At the same time, the second thermometer is to be read, to give the common tenijic- 
rature of the air. From its parallel circumstances and position, its indications would 
be exactly similar to those of the other ; hence the difference of the two gives the depres- 
sion of the dew-point free from almost all kinds of error. It is obvious that all tin* 
objectionable points in Daniell’s hygrometer are avoided in this admirable instru- 
ment. The only remaining objection is the inconvenience of keeping or carrying about 
a large aspirator, and frequently fiUing it with water. In the Kew Observntoi-y, tlio 
ewpirator is in the form of a circular bellows, to the lower movable board of whu^ a 
weaght is attached. Mr. Welsh also proposed to expand the upper end of the tube e 
into a small funnel by which fresh ether may readily be introduced. 

Lieut. Noble has obtained dew with this hygrometer, at all temperatures down to 
— 36®, the limit of graduation of his thermometer, the only renjuisites when the dcM- 
point Is very low being patience and pure ether. (Phil. Mag. [4] xi. 306.) 

Several London instrument-makers have rendered this instrument less expensive )y 
omitting the second thermometer and its appendages. They have likewise substitutei 
a closed tube of black glass for the polished silver thimble. This is, on the 
improvement, for the dew is even more visible on the black surface, tmd the dimcu v 
of maintaining the silver bright is avoided; but on the other hand the uniformity 0 


669. 


er ungut VUV vx. » 

temperature is not so rigorously ensured. As regaws tne 
temperature of the air, we think it is best learnt by an oMinarj' 
thermometer freely exposed, and that Regnault’s parallel ar- 
rangement of the second thermometer, although beautiful m 
theory, is actuMly erroneous and undesirable in the ordinary 
use of the instrument. > • j • 

Except, however, for refined researcMa or long continu^ senes 
of observation, a much simpler appar* will serve. The pr^* 
tical chemist has only to take a conitobn test-tube, containing 
about U inch depth of ether, insert somewhat loosely a delicate 
tube-thermometer and glass tube, as shown infy. 669, imd gently 
blow with the month through the bent tube a, and the wbofe 
process of observation can be conducted almost as well aa iin 
Kegnault’s complete instrument. It is necessary to have Uie 
tulS) a of considerable length, that the moistness and wwwitli 01 
the body and the breath may not affect the air surrounding tne 
tube. The writer had used such an apparatus daily for many 
months before noticing that Regnault mentions iU successful 

Bygronietry by Hutton of Edin- 
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rtry dintinctly this principle (Leslie, On the Belatwne of Air to Beat and 

Moisture, 1813, p. 39), and reduced it to practice by covering one of the bulbs of his 
differential niivthermometer with wet muslin. The motion of the column of water 
towards the moist bulb, of ranrse, shows the depression of the temperature of evapo- 
ration. This hygrometer might yet, we think, be often used in certain researches, and 
might be added to the common weather-glass. 

The Dry- and Wet^Bidb Hygrometer, called on the Continent the Psychromcter 
cold; fiHpor, measwe), is formed of two similar delicate thermometers placed in a 
gentle current of air, the bulb of one thermometer being covered with muslin and kept 
moist bv a cotton thread leading from a small reservoir of rain or distilled water. The 
diy-bulb thennometw indicates the true temperature of the air ; the other will be 
found to remain stationary at a temperature said to be that of evaporation, which is 
usually 8e\*erHl degrees l^low that of the air. In saturated or moist air, the thermo- 
meters read alike ; the difference increases in some proportion to the dryness of the air, 
and may 1^ used as a sufficient measure of the dryness in many practical matters^ 
such as the ventilation of dweliing-housas, halls, plant-houses and so on. 

From observations of the diy- and wet-bulb thermometers, it is furtbor possible, by 
m^ns of tables previously determined by experiment, or by calculation from d prion 
principles, to determine the existing tension of aqueous vapour, and other hygrometric 
data. The most trustworthy table for such reductions is the following, winch has been 
obtained by Mr. Glaisher from the combination of all the simultaneous observations 
of the dry- and wet-bulb thermometers with Daniell’s hygrometer, taken at the Koyal 
Observatory, Greenwich, from the year 1841 to 1854, with some observations taken at 
high temperatures in India, and others at Toronto. 


I’ablh I. To obtain the dew-point, multiply the difference of reading of the thermo- 
meters by the factor opposite the dry-bull reading, and subtract the prod tud from the 
dry-bulb rtading. 


1 

Dry-bull 

1 thprnin. 
j rnctiT F. 

Factor. 

! Dry. bulb 
} thernio- 
1 meter F. 

Factor. 

Dry-bull 
1 ihenno- 
meter K. 

Factor. 

II Dry. bulb 
tlioniio- 
1 meter F 

Factor. 

10® 

878 

33® 

301 

66® 

1*04 

78® 

1'69 

ll 

8-78 

34 

277 

67 

1 92 

79 

1*69 

12 

8*78 

35 

260 

68 

1-90 

80 

1 68 

13 

8-77 

36 

2-50 

69 

1*89 

81 

1-68 

14 

8-76 

37 

2-42 

60 

1*88 

82 

1*67 

lo 

8-76 

38 

2*36 

61 

1*87 

83 

1*67 

16 

870 

39 

2*32 

62 

1-86 

84 

1*66 

17 

8*62 

40 

2-29 

63 

1-85 

86 

1*66 

18 

8*50 

41 

2*26 

64 

1 83 

86 

1*66 

19 

8*34 

42 

2*23 

65 

1*82 

87 

1*64 

20 

8*14 

43 

2-20 

66 

1*81 

88 

1 64 

21 

7-88 

44 

2*18 

67 

1*80 

89 

1*63 

22 

7-60 

46 

2*16 

68 

179 

90 

1 63 

23 

7-28 

46 

214 

69 

1 78 

91 

1*62 

24 

6*92 

47 

212 

70 

177 

92 

162 

26 

6 63 

48 

210 

71 

1*76 

93 

161 

26 

608 

49 

208 

72 

1*76 

94 

1*60 

27 

6*61 

60 

2 06 

73 

1*74 

96 

1*60 

28 

6'12 

61 

204 

74 

173 

96 

1*69 

29 

4*63 

62 

2*02 

! 76 

1*72 

97 

1*69 

30 

416 

63 

2-00 

76 

171 

98 

1*68 

31 

3*70 

64 

1*98 

77 

1*70 

99 

1*68 

32 

3*32 1 

66 

1*96 






60^” ^ example, let the diy- bulb thermometer stand at 64*3® F., and the wet-bulb at 


64-3 — 60*8 « 3*5 *» diflference of readings. 

The factor to be used is 1*83 opposite 64®, the nearest degree to 64*3 ; 

64-3 - 3*5 X 1-83 - 57'9® = dew-point. 

fttln Mc ? ^ reduction of dnr and wet-bulb readings 

tin* n ...ii j ^ probable error and measure of precision of 

Its determined 1^ Lieut Noble from observations at Toronto. 

« dry- and wet-b^b thermometer baring long become the (mimaiy woriung 

q2 
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Fig, 670 . 




hygrometer of the meteorological observer, Mr. Glaisher has paid m^h attention to the 
perfecting of the instrument in every detail. He 

* delicate thermometers (see^^jr. 670) about one foot long, and with 

small spherical bulbs of thin glass of about 4 inch diameter. 
They are mounted upon metal scales graduated from about - IQO 
to + 130® F. and fixed parallel to each other from 2 to 4 inches 
apart upon a metal cross piece. Care is taken that each pair of 
thermometers is as exactly similar as possible. The bulb of the 
wet thermometer is covered with thin muslin, round the neck of 
which is twist^ a conducting thread of lamp- wick, common darn- 
ing cotton, or fioss silk ; this passes into an adiacent vessel of 
wS^er placed about three inches distant from the wet bulb, a 
little beneath it, and on the opposite side to the dry-bulb ther- 
mometer. It is a very objectionable practice to place a long 
glass cistern between the two thermometers ; for the water will 
seldom be of exactly the same temperature as the surrounding 
air, and will tend sHghtly to vitiate the readings of both thermo- 
meters. The writer prefers for a cistern a short narrow-necked 
glass bottle, from which but little evaporation will take place. 
The water must be either rain or distilled water. Care must bs 

I taken never to record any readings when the bulb is not 

I thoroughly moist all over. As dust and saline particles gradually 

I settle on the wet muslin, it is well to re-cover the bulb and supply 

* IB a fresh wick about every month. Before use, too, each wick 

should be washed in a solution of carbonate of soda, and pressed whikt under water 
throughout its length. The supply of water to the bulb can be easily regulated by 

raising or lowering the cistern. . « . . , j v 

In taking an observation, the dry-bulb thermometer is first to be read, because it is 

. .. . . ® 1 At. i. ..aorl furn nA TfiCOrdetl- 




In taking an observation, tne ury-ouiu luenuumcuci lo ^ -- 

most liable to change; the wet-bulb is then to be read, the two readings to be recorded, 
and a comparison with the thermometers made, to secure the correct number of whole 

" * . rt St j.? J 41... U'sv■nnu/^'ur»'rvn UM 


anson wiin tne luermuiuciciB w 

degrees, ^he observer must follow the directions under the article Thebmombtbb, as 
regards placing the instrument, correcting the thermometer-readings, &c. 

The dry- and wet-bulb hygrometer continues to act even when the water is frozen, 
since evaporation still takea place; but especial care must be taken that the bulb really 
is covered with ice. and if not, water must be poured upon it, and the observation 
delayed till the water be frozen, and the thermometer sink to a constant reading, in 
frosty weather it is best to wet the bulb after every periodic observation, or at least 

ten minutes before the next. . , , . r a 

'Ilieory of the Although we may ascertain the dew-pomt from reaa- 

inga of the dry- and wet-bulb thermometers on purely experimental grounds, m in using 
Glaisher’s factors, the subject also admits of mathematical investigation. Mr. Ivory 
first solved the problem (Phil. Mag. [3] lx. 80) with substantial correctness. August 
of Berlin, and Bohnenberger, showed the coincidence of the theory with expen- 
nient, and determined the constants with accuracy (August, Ueher die F^UchntU 
der Hyqrometrie in der Neuosten Zeit, Berlin, 1830.— Bohnenberger, Tulnngm ML 
But. Memoirs, vol. ii.). But the subject is best known in England from 
Hr. Apjohn’s excellent results (Phil. Mag. [3] vi. 182; vii. 266, 470; xiu. 261). 

We now give the investigation as it is stated by Regnault after the method oi 

^ The^aporation of a liquid involves the conversion of sensibte into latent heat, wd 
the supply of heat must be drawn from the liouid evaporate^ from the 
liquid, or from surrounding objects. When air is in contac^th the moistened bull) 
of a thermometer, the evaporation of the water will reduce imemi^rature of the biU^ 
but the fall of temperature will be checked by heat commuaicated from the remamaw 
of the air. At some pointy the amounts of heat subtracted and oommumcated Will oe 
equal, and an invariable temperature of evaporation will be the result. ^ . 

Let us suppose, with M. August, that the portions of air successively in conW 
with the moist thermometer-bulb become thereby perfectly saturated with moisture, 
and are reduced to the temperature of the bulb. , , „ . n a 

Let w «»■ weight of stratum of dry air surrounding the bulb at 0 C., and un 
the pressure of 0*760. 

A M height of barometer, 

t ■■ temperature of surrounding air given by the dry-bulb thermo mete r. 
f wm temperature of evaporation, or tiie reading of Uie wet-bulb thermometer 
/and/* the elastic forces of saturated aqueous vapour for the temperstuiw 
t and t\ ... 

jr “ the actual elastic force of vapour in the air at the tune. 
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In the ftmtum of air snnoonding the bulb, the aqueous vapour exerts the elastic force 
/, and the air oon^uently exerts the elastic force A—/*. The weight of dry air is then 

1 

■ r+7?’ "80“’ 

a being the coefficient of expansion of a gas for every degree of temperature. The 
weight of vapour already in this air is 

1 * . 




* 1 + * 30 ’ 


in which 3 represents the specific gravity of aqueous vapour in relation to air. The* 
weight of vapour added by contact with wet bulb similarly is 




l + at' 30 


Now, if 7 be the specific heat of air, the quantity of heat disengaged by the dry air 
in cooling from ^ to if* is 

1 + ot' 30 '' 

Similarly k being the specific heat of aqueous vapour, the quantity of heat disengaged 
by the vapour previously in the air is 

Lastly, let \ be the latent heat absorbed by water, when becoming gaseous between 
tlie temperatures t and t\ 

The quantity of heat absorbed will be 

_L_.,Czf.A 

l + ot' 30 ■ 


w 3 : 


Now when the temperature of evaporation is constant, this heat absorbed in evapo* 
ration must be equal to that given out by the air and the other portion of vapour; 

or we have, by equating them and striking out the factor w • j ^ 
whence «y *y ,v 


1 + 






Inserting values of the known quantities, namely, for y, 0*2669, for k, 0*2669 (the 
spocific heat of aqueous vapour being assumed equal to that of air), for 3, the specific 
gravity of aqueous vapour, 0*6235, and for X, the latent lieat of aqueous vapour, 
640 -f, according to the law of Watt, and neglecting some of the smaller terms, 

August obtains the formula x « temperatures being 

wnressed in centigrade degrees. 

liegnault, using more accurate data, namely, for 3, 0*622, and for A, 610 -• f 
(> » A n 0*2669 as before), modifies this to 


0 429(^-0 
610 -^" 


A. 


Experimentally, Regnault has found that the formula x * ^ ^ 

gives an almost perfect coincidence between the calculated and true results, when the 
Air is not more than A saturated. Otherwise the first coefficient 0*429 is to be pre- 

foinwwl * 


^ he formula which has been most used in the reduction of diy and wet-bulb 
observations is that obtained by Dr. Apjohn. In the Greenwich observations it i« 
P^enasfoUows: 




The first formula is to be used when the reading of the wet-bulb is above 82® F., 
ebd the second when below. In the above, d is the difiference of the dry^ and wet-bulb 
*^J^ngs, A the height of the barometer,/ the elastic force of vapour for the temperature 
? ^he wtuhulb, to be taken from Table IL, and F the elastic force of vapour at tha 
•V'point, firom which the dew-point may be found, if necessaiy, by the tanle. 
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From a statement in JDanielts iteUoniogy [Essays, 18«6]_ii. 100, it wodd mm that 
the errom of results obtained by Apjohn’s formula, lie within closer limits than those 
obtained by Glaisher’ s factors. 

Taking the expression in the form 




80 


'0139 

•01149 

•01161 

•0115 

•0114 

•0114 

•011398 

•0118 

•0112 

•01136 


the term with ^ being inconsiderable except at great heights, the following values 
of the coefficient w, have been given (for degrees Fahr. ) : 

Ivory . . . . • 

Apjohn — a priori calculation 
„ experiments on dew-point 

refrigeration 

“ „ other experiments 

Bohnenberger— first 56 observations 
„ second 46 „ 

Kaemtz above 32® F. 

below 32 F. 

KupfFer above 32 F. , 

The supposed great accuracy of many of these determinations has been somewhat 
shaken by the later experiments of Regnault (Ann. Ch. Phys. [3] xv.), for he 
finds that the temperature of evaporation is not invariable, but sinks lower, the greater 
the rapidity with which the air surrounding the wet bulb is moving. He is thus led 
to doubt the soundness of August’s assumption, that the stratum of air surrounding the 
wet bulb is always saturated and of the same temperature as the bulb, and he considers 
that the radiant heat falling on the bulb is an element not to be neglected. Ihe 
ordinary formal®, however, may be considered sufficiently accurate as long as the 
velocity of tlie air does not exceed 6 or 6 metres (16 to 20 feet) per , 

Wequite agree, however, with Dr. Drew (“ Practical Meteorology, p. 169), that the 
problem of the dry- and wet-bulb thermometers is still quite open to fresh investiga^on. 

Hyqrometric' Galculation8.^Vidi.y\ng found the dew-point of the air, it is 
usuaily required to deduce other data concerning the moistness of the air. Iho 
necessary calculations are a little intricate, but have been brought to a very satisfactory 
state of accuracy by Mr. Glaisher, whose excellent hygrometrical tables for the dry- 
and wet-bulb thermometers, give all the necessary deductions from the readings of 
the thermometers, almost without calculation. These tables are quite indispensable to 
any person who has frequently to make hygrometrical calculations, but the ingenious 
hy^roniBtric slMing rule of Mr. Welsh (Brit. Assoc. 1851 ; Trans. Sec. P- «). “* 
manufactured by Adie, will also give most of the required results mechanicaUy. Wo 
can here only enter the subject briefly. .1 • i 

Tlie elastic force of aqueous vapour in the air is the same as the maximum elastic 
force at the dew-point, and we, therefore, ascertain it by referring to the temperature 
of the dew-point in a table of the maximum elastic force of vapour. The 
table (II.), having been calculated from the experimental results of Regnault, is me 

most reliable of the kind, , . , . . . .1 ^ 11 • „ 

If there be a fractional part of a degree over, multiply it into the next following 
ence in the third column (dividing by 10 if a decimal), and add the result to the 

number opposite the whole degree. ,, i o • 4 ^ •« 

This table differs somewhat from that adopted by the Roval Society in their 
“Report on Physics” (p. 89), and from several others calcul^ed from older and less 
trustworthy experiments than those of Regnault. « -f .t»v 

To find the weight of a cubic foot of aqueous vapour of |^imum 
temperature t, let be the elastic force at that temperature. Then since 258 44 
grains is the weight of a cubic foot of vapour at 212°, of an elastic force of 1 

258*448 grains x would be the weight of a cubic foot of the vapour saturated at 

temperature t, after it has been heated up to 212° and kept under 

Et as before. Since a gas expands 0*3665 of its own volume from 32° to 212 , or 

0*0020361 for each degree Fahr., 

, Et 1*3665 

2«8-448 grams * 3 ^ « , .0020361 x (< - SF) 

will be the weight of a cubic foot of vapour saturated at the temp^ture t. From thii 
formula, the numbers in Table III. (p. 232), column 2, were obtoined.^ 

When the air is saturated with vapour and the temperature of the air of evapOT 
and of the dew-point coincide, the required weight of vapour in a cubic foot of air maj 
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Tabu H* Skowinff the Maximum MaeUc Fi>ree of Aqueous Vapour m inoAm </ 
Mercury for every degree Fakr. from 0® to 100®. 



Force of 

vapour. Difler- 
hich ence. 


Tempera* 

tur«. 

OF. 


Force of 
vapour. Differ. 
Inch ence. 


Tempera* 

ture. 

«F. 


be taken at once from the formula or taVJe. In all other cases, however, iince vapour 
above its dew-point expands like any other gas, we must have 

Actual weight of a > Weight of a cubic foot > Volume at dew-point ^ 

cubic foot of vapour > ** of vapour at dew-point) volume at temperature of air* 

The weight of a cubic foot of dry air is easily calculated from the following data of 
Regnault. Dry air expands by or *0020361 parts of its volume at 32° F. for 

every increase of 1° of heat, and a cubic foot of dry air at 32° under a pressure of 30 
inches of mercury weighs 666*86 grains. Thus are calculated, for a pressure pf 
30 inches of mercury, the numbers in column 3 of Table III. 

If a cubie foot of dry air and a cubic foot of aqueous vapour of the same tempera- 
ture be mixed together and compressed into a cubic foot of space, the elastic force of 
the mixture will be the sum of the elastic forces of the air and vapour. In order 
that the mixed or moist air may have the same elastic force as the dry air previously, 
it must be allowed to expand, in the proportion of the elastic force of the dry air to the 
sum of the elastic forces of the air and vapour. 

Thus, if Ef ea elastic force of vapour at temperature f, ^ i. vL. 

and p mm elastic force of moist air— say the atmospheric pressure as shown hf 
the barometer 

We have p ^ Eg ^ elastic force of dry air, 

aii 4 volume of moist air J5 

"volume of dry air p Mi’ 
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Tablb IU. 


1 

2 

8 

4 

1 

2 

3 

4 

Temp«- 

ratiire 

«F. 

Weight of 
acuhic foot 
ofgMt 11 rated 
vapour. 
Grains. 

Weight of a 
cubic foot of 
dry air. 
Grains. 

Weight of a 
cubic foot of 
air saturated 
with vapour. 

Grains. 

Tempe. 

rature. 

°F. 

Weight of 
a cubic foot 
ofsaturated 
vapour. 
Grains. 

Weight of a 
cubic foot of 
dry air. 

Grains. 

Weight of a 
cubic foot of 
air saturated 
with vapour. 

Grains. 

0 

0-66 

606*37 

606*03 

56 

6*04 

640*46 

637-45 

6 

0-68 

699*83 

699*40 

67 

6 21 

639*40 

636*30 

10 

0*84 

693-44 

59294 

68 

5*39 

638*36 

536*16 

16 

1*04 

687*18 

686*56 

59 

6*58 

637-32 

634*00 

20 

1*30 

681*06 

68026 

60 

6*77 

636-28 

532*84 

25 

1*61 

676*05 

674*08 

61 

6-97 

635-26 

631*69 

30 

1*97 

669 17 

667 99 

62 

6*17 

634*22 

630*65 

32 

2*13 

666*85 

666*68 

63 

6 38 

633*20 

629*42 

35 

2*39 

603*42 

661*99 

64 

6*69 

632*18 

628*28 




65 

6*81 

531*17 

627*14 

40 

2*86 

567*77 

55603 

66 

7*04 

630*16 

626*01 

41 

2*97 

656*66 

654*86 

67 

7-27 

629*15 

624*86 

42 

308 

555-56 

653*69 

68 

7-51 

628*14 

623*71 

43 

3*20 

554*44 

652*62 

69 

7*76 

627*14 

622*66 

44 

3*32 

553*34 

651*35 

70 

8*01 

626*15 

521*41 

46 

3*44 

652-24 

660*19 

71 

8*27 

625*16 

620*27 

46 

3*66 

651*15 

649*02 

72 

8*54 

524*17 

619*12 

■ 47 

3*69 

650*06 

647*86 

73 

8*82 

623*18 

617*98 

48 

3*82 

648*97 

646*69 

74 

9*10 

522*20 

616*83 

49 

3*96 

647*89 

645*63 

75 

9*39 

621*22 

615*69 

60 

4*10 

646*81 

644*37 





61 

4*24 

646*74 

543*21 

80 

1098 

61639 

609*97 

62 

4*39 

644*67 

642*06 

85 

12*78 

611*65 

604*19 

63 

4*65 

643*61 

540*89 

90 

14*85 

606*99 

498*43 

54 

4*71 

642*55 

639*76 

96 

17-18 

602*41 

492*66 

65 

4*87 

641*60 

638*60 

100 

19*84 

497*93 

486*66 


Thus one cubic foot of dry air, after becoming saturated with moisture, expands into the 


Toliune 


1 - 




if it bo confined under the same pressure as before. 


Wo may now find the weight of a cubic foot of air saturated with aqueous vapour at 
any temperature : for it is obviously ^ 

(Weight of cubic foot of dry air + weight of cubic foot of vapour) x ^ . 

Thus are obtained the numbers in column 4 of Table III. When the dry- and wet- 

bulb thermometers read alike, wo have at once the weight of a cubic foot of the 
atmosphere for the barometric pressure of 30 inches. For any other height of the 
barometer we must multiply by this height in inches and divide by 30. When the 
air is not saturated, wo must subtract the following : * 

Weight of cubic of vapour at dew- 

/Weight of cub. ( J weight of cub. ft.\ ^ — 

VfL of diy air J } of saturated air J Wmght of cubic loot of vapour at tem- 

perature of air : 

ftom the weight of a cubic foot of dry air, and reduce the result as before to the 
barometric pressure at tlie time. 

The Decree qf Humidity represents the proportional saturation of the air with 
moisture, decimally expressed, so that saturaU^i air has the degree 100, and perfectly 
dry air the degree 0. It is found by dividing the weight of vapour (Table IIL 
column 2) at the dew-point by the weight which would be present at the t^peraturo 
of the air, if it were saturated. Some writers use the corresponding elastic forces of 
the vapours at the dew-point and temperature of the air (Table II.) in place of the 
weights of vapour, but the results are nearly the same. 

ChemUcl Method of Hyaromeiry, The chemist may always avoid the 
attending the use of hygrometersu by absorbing the aqueous vapour hem 
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any ffiven Tolume ci air and 
actually weighing it upon the 
chemical balance. The necessary 
apparatus (Jjsf. 671) consists of a 
common aspirator a and two XJ- 
ihaped drying tabes 6, c, con- 
taining fraj^ents of pumice-stone 
aoaked in strong sulphuric acid. 

The aspirator being full of water, 
the second tube o is detached, 
weighed accurately, and again 
attached on one siae to the other 
drying tube b, on the other side 
to a long 'perfectly dry tube rf, 
by means of which air from any 
required point, as for instance 
from the open atmosphere out- 
side the laboratory window, may 
be drawn through the apparatus. 

The fixed d^ing tube b is employed to prevent any Tapour passing back from 
the aspirator. Regnault took great pains to ascertain the least necessary siae of the 
weighed drying tube. He generally indeed employed two weighed tubes, each 0*18 
metre in height^ filled with large fragments of pumice-stone. But the second tube 
rardy gained 1 or 2 milligrammes in weight, and chiefly served to afford a proof 
that the absorption by the first tube was complete. It is p^bably best therefore 
to dispense with a second weighed tube, as the increased error in weighing the larger 
apparatus will probably bo greater than the minute weight of vapour which may 
lost Additional accuracy may always be had by increasing the volume of air passed 
through the tube. 

A determinate volume of water having been allowed to flow slowly and uniformly 
fr<:>m the aspirator by the tap c, an equal volume of air, of course, passes through tho 
tube c, and becomes desiccated. The weight of vapour absorbed is learnt by again 
weighing the tube c, but to determine the corresponding weight of air with accuracy, 
wo must read the temperature at the end of the experiment by a thermomet.er placed 
in the centre of the aspirator, and likewise observe the barometer, then performing 
the calculation as directed on page 230. 

This method may also be used to determine the amount of water suspended in the 
air in the form of mist or cloud. The weight of the watery particles is the excess of 
the whole weight absorbed over the maximum weight of vapour (saturated) as given 
in Table III. column 2. 

The chemical determination of vapour has been fully considered by B r u n n e r. (Ann. 
Ch. Phys. [3j iii. 309.) 

The chemical method might obviously bo used to determine the average amount of 
vapour in the air during any period of time. It is only nocessanr for this purpose that 
a perfwtly uniform stream of air pass through the drying tube throughout the period. 
The total weight of vapour absorbed, divided by the total weight of air passed through, 
gives the required result. Such a process was proposed by I)r. Andrews (Brit. 
Assoc. 1861, Trans, of Sec. p. 29), who has also described an aspirator suitable for the 
purpose (Phil. Mag. [4] iv. 330), and we know not why it is not adopted, at least in 
some of the principal observatories. 

Bjgroeeoplo bodies. Alost organised structures expand or contract according to 
their state of moisture or dryness, and many organic substances to such a degree that 
they afford very delicate indications of hygrometric changes. Thus a thin shaving of 


, ^ .419). An ivory hygrometer i 

11773] p. 404) and Leslie (Ann. Ch. Ph. i. 468). A hygr^scopo formed of jmeces of 
deal-woixi was designed in 1676 by John Coniers (PbiL Trans, xl 716). Chimney 
ornaments are often seen in which certain figures are caused to move by the contraction 
^ expansion of catgut, thus indicating the approach of rain or fine weather. The awn 
Of the Andropagem amtorium has been used for similar purposes by Capt. Kater; the 
of the Avena Jaiua^ or wild oat, by Hooke ; the internal membrane of the Arundo 
^bragmites, or common r©^, by A d i e ; and the Funaria hygroinetrica, or common cord- 
the arista of the seed of the 8tipa pennita^ or common feather-grass, by others. 
'"<^.hygro8oope usually placed at the top of the common baromefrr or weather-glass 
of an awn or vegetable filament which in twisting or untwisting moves a light 


Fig. m. 



8S4 HYOCHOLALIC ACID— HYOStYCOCHOLIC ACID, 

Sttustur^s Hair Hugrometer ix the only instrament of thi» dues which ban been sup. 
t) 08 ed in late years t6 possess any scientific accuracy or importance. To ^nstruct it, 
lonir, W)ft and straight human hairs must be procured and boiled for 
half ’an hour in a litre of water containing 10 grammes of crystallised 
carbonate of soda. After being well washed in pure water and dried with- 
out heat, the best hair is cliosen, of a length of about 24 centimetres 
One end is fixed to the top of the instrument 572), and the other, 
being passed round a pulley of the diameter of 6 millimetres, is 
attached to a weight of about 0*2 gramme (3 grains). An index 
fixed to the pulley mores over a divided circle, the divisions of which 
are determined by placing the instrument first over water and then 
over sulphuric acid, that is in perfectly moist and perfectly diy air, and 
dividing the space which the index is thus caused to move over into 
1 00 equal parts. When well and delicately constructed, such an instru- 
ment^ll promptly show the slightest changes of moisture in the air. 

Eegnault, in his “Etudes de THygrom^trie,” has spent much labour 
and ingenuity in trying to render the Hair Hygrometer scientifically 
useftil. He has only succeeded in showing that two of these instruments 
will give very different results, if there exists the slightest difference 
in the nature of the hairs, their preparation, or the weight by which 
they are extended; that the most carefully constructed instm- 
ments are but little accordant ; and. that, after all, the degrees are quite 
arbitrary, and can only be reduced to true degree of humidity or force 
of aqueous vapour, by a table specially determined by experiment for 
each instrument. Such a table may be found in Pouillet’s Elements 
de Physique, 7th od. ii. p. 742, having been prepared by Gay-Lussac, and supposed by 
him to apply to all Hair Hygrometers. . t.* i. i. u 

Regnault, indeed, has found that the zero of the Hair Hygrometer, at which it should 
stand in perfectly dry air, is quite illusory, for the hair will continue to shrink more or 
less even when it has been exposed for some months to the dry air. He therefore 
commences the graduation for air about J saturated, or of 20 degrees of humidity. 

Kflemtz {Mktkoroloqk, Paris, 1868, p. 74) compares the table of Gay-Lussac with 
others calculated for Saussure’s Hygrometer by Prinsep, Melloni, aud August. There 
is very little accordance. . , • 

A great number of experiments on hygroscopes and hygroscopic substances are given 
in the three elaborate papers by Deluc in the Philosophical Transactions (1773 and 
1791), and he says (Ph. Trans. [1791] Ixxxi. 40), “ I have concentrated in these pages 
an account of twenty years’ assiduous labours in kygr(/)netry, mostly occasioned by the 
anomalies of the hygroscopic threads^ . 

There is a complete and learned history of hygrometry by Suer man, entitled 
•“ Commentatio de definiendA Quantitate Vaporis aquei in AtmospherA,” 4to. Lugd. Bat. 


1831 

‘ In Prof. Forbes’ Supplementary Eeport on Mtteorology (Brit. Assoc. RepqH, 1840. 
pp. 95-101) is an excellent rhunU of the theory of the wet-bulb thermometer. 

A general account of hygrometry, with examples of the calculations required in me- 
teorology, is to be fouud in Dr. Drew’s IVactical Mtteorology, W. S. J. 

BTOCBOlbA&ZC ACIB. Syn. with Hyocholic Acid. 

BTOCBOlaZC ACID. — An acid obtained, together with glycocine, by 

the action of potash on hyoglycocholic acid. It is insoluble in water, soluble in 
<alcohol aud ether, and crystallises in mammellated granules. lt%harium~salt dried at 
180° contains C'®H’»Ba"0*. (Strecker.) a 

BYOOBTCOCBOBZO ACZB. C*’H**NO*. Formerlfc|falled Hyochclic acid, 
(Strecker and Gundelach, Ann. Ch. Pharm. Ixii. 205.)-^W acid which, in the 
•form of a sodium-salt, constitutes the principal part of the bile of the pig ; hence its 
name (from Jy, Ws a pig, and xo^'h bile). ^ i 

To prepare the sodium-salt in the pure state, the fresh bile is completely saturatea 
with sulphate of sodium ; the mixture is heated for some hours on a sand-bath, pd 
then left to cool ; and the resulting precipitate, consisting of hyoglycocholate of sodium 
mixed with mucus and a small quantity of yellow colouring matter, is washed inth a 
concentrated solution of sulphate of sodium, first by decantation and then on a filt», 
after whichitis dried at 110° C. and treated with absolute alcohol, which dissolves the 
hyoglycocholate of sodium. The alcoholic solution is decolorised with animal charcoal, 
tlien precipitated by ether, and the- precipitate is dried at 100°. 

The free acid is obtained by precipitating the aqueous solution of the sodium-mu 
with dilute sulphuric acid, dissolving the precipitate in alcohol and pi^ipitati^ witt 
water. The liquid is milky at first, but becomes limpid after a while, and depowM 
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tMsparent dbrops. It most be left on tbe mmd-batb for seTeral days, because tho 
precipitation is not complete till the last traces of alcohol are evaporat^ By repeat* 
mg iSis operation two or three times, the acid is obtained quite pure, 

Hyoglycocholic acid is a white resinous bod^ which melts in hot water, and ihm 
present a silky aspect. It solidifies after remaining for a few days over the water* 
Lth, and after it has lost all traces of water ; does not melt even at 120®. It is but 
slightly soluble in water, imparting, however, an acid reaction; easily soluble in 
alcohol, but quite insoluble in ether. It dissolves readily in ammonia and in dilute 
solutions of the ^ed alkalU or their carbonates. According to F. Hoppe (Jahresber. 
185S, p. 568), the Bolutione of the free acid exhibit an optical rotatoir power 
» +' 2®; that of the sodium-salt does not act on polarised light It differs ftom the 
acid of ox-bile (glycocholic acid) by its sparing solubility in water, and by forming 
pn^cipitates insoluble in water, with baiyta, lime, &c. ; in this respect it resembles 
cholonic and choloi'dic acids. 

Hyoglycocholic acid is not altered by dilute sulphuric acid : the concentrated acid 
blackens it, with evolution of sulphurous acid. It is not oxidised by a mixture of 
sulphuric acid and peroxide of lead; but when the acid or any of its salts is heatc^ 
witn concentrated nitric acid, nitrous fumes are evolved, and a yellowish mass is 
formed, consisting chiefiy of oxalic and cholesteric acids; at the same time volatile 
fatty acids are formed homologous with acetic acid. These volatile acids are 
also produced, together with hydrocyanic acid, when hyoglycocholic is oxidised by a 
mixture of chromate of potassium and sulphuric acid, 

Hyoglycocholic acid, boiled for a long time with strong hydrochloric acid, is dwom- 
Tv>sed in the same manner as glycocholic acid (ii. 900), yielding first a resinous 
sTibstunce soluble in alkalis (hyocholoidic acid ?), then hyodyslysin insoluble in 
alkalis, while glycocine remains in solution: 

C*«1F*N0» = + CHI>NO* 

Hyoglycocholic acid. Hyodyslysin. Glycocin«. 

Potash induces a similar transformation, yielding hyocholic acid, which differs from 
hyodyslvsiu only by the elements of 1 at. water. ^ ^ 

Hyoglycocholic acid is monobasic, the hyoglycocholaies in the diy sbite conUining 
C HH-MNO'. The ammonv'm-salt is obtained by adding eliloride, carbonate, or 
sulphide of ammonium to fresh pig’s bile, or a solution of the sodium-salt. It 
dissolves very easily in water, but very sparingly in strong solutions of ammoniacal- 
sults. It is decomposed' by boiling. The 6arftt7n-fa//, dissolves 

very sparingly in water, very readily in alcohol. The calcium-salt, C®Hl*^CV'N*0'®.2H*O, 
rvsi rubles the barium-salt. The lead-salt is a white precipitate obtained by mixing a 
solution of the sodium-salt with neutral acetate of lead. This mother-liquor yields 
with the basic aceuue another precipitate which appears to bo a Vrasic salt. 

'fhe pidassium-salt, 2C”H''-*KN0Mr‘'O, is prepared by dissolving the acid in caustic 
[Mitash, and treating the solution with sulphate of potassium, &c., as in the preparation 
of the sodium salt. It is a white amorphous mass, which melts at the heat of the water- 
bat li so long as it retains water or alcohol; when quite dry, it remains solid even at 120 . 

The silver-salt, CT^^H^^AgNO*, is a gelatinous precipitate, which becomes flocculent 
when boiled. , 

The sodium-salt, 2C^H«NaN0».H*0, is a white jwwder whicli does not b^me 
moist by exposure to the air.. Its alcoholic solution yields by evaporation a perfectly 
transjmrent varnish. It has a bitter and very pt^rsistent taste. Heated on platinum* 
foil, it melts, swells up, and burns with a smoky flame. 

BTOCBO&OinzO ACZB. The resinous substance formed previous to hyodys- 
lysin, when hyoglycocholic acid is boiled with strong hydrochloric wid, is perhaj^ 
homologous with choloidic acid, According to Hoppe (Jahresber. 1869, 

p. 668), its solutions have a dcxtro-rotatoiy power o’ 23*6®. 

BTOBTSZiTSZB'. C“H"0*.-— A substance homologous with dyslysin, ^rc^uced by 
the continued action of boiling hydrochloric acid on hyoglycocholic acid. It is insolublo 
in water, potash, and ammonia, sparingly soluble in lx)iling alcohol, moderately soluble 
in ether. 

BTOSCTAMDEWB. (Geiger and Hesse, [1833] Ann. Ch. Pharm. vii. 270.)*-Aii 
alkaloid contained in henbane (Hyoscyamus niger), and other species of Hyoscyamus, 
To prepare it, the bruised seeds of henbane are exhaust^ with hot alcohol conUiniM 
2 p»‘r cent, of sulphuric acid ; the expressed juice is mixed with a 
lime, sufficient to produce a strong alkaline reaction ; tlie filt^^^^d fiqujd 
SHfK-nnaturated with sulphuric acid, and again filtered; the alcohol is distilled 
fourth; the residue diluted with water; and the rest of the alcohol driven off at Ui* 
lowt^t possible temperature. To the remaining liquid is then cuutioualy addad a oott* 
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eentnttd lolation of carbonate of potiiasium, the liquid being ag^ flltend if any 
tiuHi>idity is thereby produced ; then a la^e excess of the same solution ; and the whole 
is shaken with ether as long as that liquid takes anything up. The ethereal solution, 
separated the watery liquid and evaporated, leaves impure hyoscyamine, which 
may be purified by mixing it with water till a clear solution is product ; adding to 
solution twice its weight of ether-alcohol, digesting with animal charcoal, and evar» 
poratiiig off the ether-alcohol, first at a gentle heat, and afterwards m vacuo. If 
residue is still coloured, it must be once more dissolved in dilute acid ; the solution 
mixed with an equal quantity of alcohol, digested with animal charcoal, and decomposed 
by excess of carbonate of potassium ; the hyoscyamine extracted by ether ; and the 
whole process repeated if necessary. 

Hyoscyamine may also be prepare^ though less advantageously, from the herb 
of the plant, while in flower, by boiling the expressed juice, filtering, noting with 
lime, treating the filtrate with excess of carbonate of potassium, and dissolving out the 
hyoscyamine by agitation with ether. The dried hen) likewise yields it when treated 
with acidulatea alcohol. 

Hyoscyamine crystallises in stellate groups of silky needles, but is frequently also 
obtained as an amorphous sticky mass. When perfectly dry it is inodorous, but m the 
moist state, it has an impleasant odour resembling that of tobacco. It is soluble in 
water^ alcohol^ and ether^ The aqueous solution has an alkaline reaction. It melts ; 
when heated, and then volatilises with partial decomposition. It is decomposed when 
heated with acids. Strong nitric acid dissolves it without colour ; strong sul^huria 
acid turns it brown. Iodine added to its aqueous solution forms a copious precipitate 
having the colour of kermes. Taken internally, even in small doses, it acts as a 
narcotic poison. Eubbed into the eye, even in minute quantity, it produces persistent 
dilatation of the pupil 

Hyoscyamine neutralises acids completely. Many of its salts crystallise and are pet^ 
manent in the air. They have no odour, but an acrid, nauseous taste, and are very 
poisonous. Their solutions are not precipitated by dichloride of platinum ; but yield 
whitish flocks with chloride of gold. With infusion of galls they form a white preci- 
pitate. 

BTVARaTBZra. See Miarotritb. 

BTVBMPnoZlilO AGIO. Syn. with Salictuo AcXD. 

BTPBB, as a prefix, syn. with Per. 

BTPBBSTBBBB (from and strength, on account of the greater 

hardness and density of this mineral as compared with hornblende, with which it was 
formerly confounded). It is a sub-species of augite, containing, according to Muir’s 
analyses (Pogg. Ann. Ixiv. 162), 

SiO* Al"0^ CnO MgO FeO MnO H*0 

61-3A . . 1-83 11*09 33 92 . . 0*50 = 98*69 

It is distinguished from common augite and diallage by its small proportion of calcium 
and large proportion of iron, and may be represented by the formula (Mg ; Fe)’'SiO*. 

Hyperstheno has a density of 3*3 — 3*6, and a greyish or greenish-black colour, with 
a more or less distinct copper-red metallic iridescence on the most distinct cleavage- 
surface, arising from the presence of microscopic laminse of titaniferous iron imbedded 
in the mineral It is remarkable that all the augitic rocks of Sweden contain titanife- 
rous iron. 

The name Patdite is given to hypersthene found in the island of St. Paul on the coast of 
liabrador. Gedrite is hypersthene in which the quantity of iron attains its maximum. 

BmBSTBBBZTB or Hypersthene-rock is a mystallaMj^^ar mixtm of 
hypersthene and labrador, with small quantities of titanfferouoKn imbedded in the 
hypersthene, and occasional admixture of iron pyrites, mica, hornflmde, olivine, garnet, 
opmite, &C. Labrador is usually the chief component. Quarhf is never found in thw 
rock. Hypersthene-rock belongs to the less frequently occurring ciystaUine, unstrati- 
fied formations. It is found in the island of St. Paul, on the coast of Labrador, ^ 
Elfdalen in Sweden, at several localities in Norway, in the Isle of Skye, in Cornwall, in 
the Hars in Silesia, Bohemia, &c. 

The following analyses of hypersthenite are by Bunsen ^Jahi^b. 1861, p. 1070): 
a. Coarse-grained, containing brown hypersthene and ^yisli-white labradorite, 
a vein near Penig in Saxony.— A Medium-grained, greenish-brown, contaming greenish- 
white labradorite and dark green augite, from Tabor, near Getschin in Bohemiik— 
c. Sqmewhat finer-grained and browner, from Stransko near Liebstadl.— Greyish- 
green, crystalline, medium-grained, very slightly magnetic, containing triclinic felspar, 
from Hrabacow near Starkeubach. — e. From the railway cutting of the Woleschks valW, 
between Semil and Kostialow near Poric. It is finely crystalline, dark grey to greenish. 
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and efferrescefl with acids, in consequence of small masses of calcspar disseminated 
through it ; scarcely magnetic, and with a weathered crust : 



SIO* 

APO» 

Fe"0^ 

CsO 

McO 

K«0 

Ns*0 

H*0 

a. 

49*90 

16*04 

7*81 

14-49 

10*08 

066 

1*68 

1*46 - 102*01 

6. 

49-97 








e. 

66*20 

16*26 

13*40 

9*50 

8*21 




d. 

61*98 

16*27 

13*63 

7*34 

6*86 

3*30 

1*20 

2-71 - 102 18 

e. 

64*44 

18*06 

9*64 






btpobbomovs aczb. 

BrHO.- 

—The formation of bleaching liquids analogous 

the hypochlorites by the action of bromine on 

solutions of the 

alkalis and alkaline 


earths was noticed by Balard in his original memoir on bromine (Ann. Ch. Phys. [2] 
xxxii. 837), and subsequently by Lb wig (Pogg. Ann. xiv. 14, 486), Frit esc he fJ. pr. 
Chem. xxiv. 294), and Gay-Lussac (Compt. rend. xiv. 951). Balard also founa that 
bromine-water forms with mercuric oxide a sparingly soluble oxybromide of mercuiy 
sud a bleaching liquid which, by distillation in a vacuum, yields a liquid also possessing 
bleaching properties, and supposed to be hypobromous acid (i. 679). 

More recently, Spiller (Jahresber. 1869, 97 ; 1862, 78) and Dancer (Chem. Soc. 
J. XV. 447) have shown that when bromine is added to excess of solution of nitrate of 
silver, half the bromine is precipitated as bromide of silver, while the other half remains 
in solution as hypobromous acid, forming a strongly bleaching liquid, from which, ac- 
cording to Dancer, the hypobromous acid m^ be distilled under a pressure of 60 mm. 
pf mercury, the liquid then boiling at 60^. Xhe distillate, which does not contain free 
bromine, is straw-yellow, has an acid reaction, bleaches strongly, and decomposes when 
heated above 60®. It gave by analysis numbers corresponding with the formula of 
hyp^romous acid. 

Hypobromous acid is likewise obtained in solution By agitating bromine-water with 
excess of merc\^ic oxide or oxide of silver. When bromine is brought in contact with 
excess of dry mercuric oxide, the mixture becomes very hot By heating the two 
substances together in a sealed tube to 100® a powder is obtained which smells like 
chloride of lime and bleaches when moistened with water ; it is a mixture of mercuric 
bromide, oxide and liypobromite. If the bromine is in excess, a solid mass is formed 
consisting merely of mercuric bromide and oxide. Oxygen is set free in both cases. 
(Dancer.) 

All attempts to prepare hypobromous anhydride by methods similar to those which 
yield hypocnlorons anhydride (i. 908) >vere unsuccessful, the compound being decom- 
posed, both at common temperatures and at — 18®, into bromine and oxygen, 

KT»OOB%Omxc AOZO. Syn. with Perchloric oxide. (See Cuxorinb, Oxiuxs or, 
i. 912.) 

BTVOCBZiOBZTB. ^rilru Ki3enerde.)—A mineral occurring at Schneeberg, 
Jolianngeorgenstadt, and Braunsdorf in Saxony, in minute greenish crystals and 
grains, or massive and earthy. It contains, according to Schuler’s analysis, 60*24 per 
cent, sih'ca, 14*65 alumina, 13*03 oxide of bismuth, 10*54 protoxide of iron, and 9*62 
phosphoric anhydride, with a trace of manganese, and is perhaps a silicate of bismuth 
and iron mixed with phosphate of aluminium. (Dana, ii. 182.) 

BTYOCB]«OBZTB8. CIMO.— The formation, general properties and reactions 
of these salts, aq^ the methods of estimating the quantity of available clilorine contained 
in them, have been already described under Chi.okinb (i. 904, 908). For the prepara- 
tion of hypochlorite of calcium, its uses as a bleaching and disinfecting agent, and 
the methods of estimating its commercial value, see lire’s Dictionary of Arts, Stc, 
i. 904 ; also Richardson and Watts’s Chanical TtchnoUyy, vol. i. pt. 3, pp. 360-426. 

A sample of “ chloride of lime,” analysed by F. Itose under the direction of Frese- 
nius (Ann. Ch. Pharm. cxviil. 317), yielded 26*72 per cent. CaCPO*, 26*61 CaCl*, 
23 05 CaO, and 24*72 combined and hygroscopic water. On repeatedly triturating 
it with fresh quantities of water to a thin pulp, the chloride of calcium was found to 
dissolve at the first tritunition, the hypochlorite only at the third. Hence Fresenius 
Concludes that the two salts exist in the bleaching powder merely in a state of mixture, 
or at most as a loose combination easily decompos^ by water. He regards bleaching 
powder as a mixture of hypochlorite and basic chloride or oxychloride of calcium, 
CaCl*0« + (CaCl*.2CaO) -f 4H*0. The basic chloride is resolved by water into chloride 
and hydrate of calcium. 

Solutions of the hypochlorites of the alkali-metals have long been used as disinfect- - 
agents. The so-called chloride of soda or Labarraque’s disinfecting 
*jqnid, is a mixture of hypochlorite and chloride of sodium, prepared by pas|ing 
chlorine into a solution of caustic soda or carbonate of sodium, or by decomposing 
••'’p^xihlorite of calcium (bleaching powder) with carbonate or sulphate of sodium. In 
the fiist mode of preparation, about 40 lbs. of soda-eiystale are dissolved in abont 20 



SWI ' HTPOCHLOEOUS ACID— HYPOG»ffiIO ACID. . 

gallons of water, and a stream of chlorine is passed through the solution till it has 
attained a specific gravity of 1'06. A rise of the density above thm point indicates the 
formation of chlorate of sodium. To prepare the disinfecting liquid by the 8eco!id 
method, about 20 lbs. of good bleaching powder are dissolved m about 26 gallons of 
water, and to the filtered liquid is added a solution of 40 lbs. soda-crystals in about 
9 gallons of warm water. The filtered solution constitutes Labarraque’s liquid. 

Chloride of Potash or Eau de Javclle is a mixture of hypochlorite and chloride 
of TOtassium prepared by similar methods. 

A mixture of hypoc/Uorite of magnesium^ prepared by decomposing chloride of 
lime with an equivalent quantity of sulphate of magnesium, is said by Claussen to be 
more efilcacious than other chlorine-compounds for bleaching flax and hemp. 

Hypochlorite of Aluminium^ prepared by mixing equivalent quantities of sulphate of 
aluminium and hypoclilorito of calcium, is recommended by Orioli (Hep. Pat. Inv. 
April 1860) as a bleaching and antiseptic agent. It is very easily decomposed, and 
therefore acts very rapidly on organic matters. It may also be used as a mordant 
instead of acetate of aluminium, all the hypochlorous acid being disengaged at the 
heat of the dye-bath while the alumina remains attached to the fibre. 

Hypochlorite of Zinc is also used as a mordant, and is recommended by Varreu trapp 
(Din^. pol. J. civiii. 378), on account of its ready decomposibility, as a bleaching 
agent. The action of chloride of lime may bo advantageously accelerated by the 
addition of chloride of zinc instead of a mineral acid. 

HTVOCBX.OSOU8 ACZX> and AXTBYBBIBB (i. 908).— This gas is absorbed 
by sulphuric anhydride, and when the latter compound, in a state of perfect dryness 
and in quantities of not more than 6 or 6 grms. at a time, is saturated with hypochlorous 
anhydride, a dark-red thickish liquid is formed, which solidifies on cooling to a mass of 
light red needles apparently consisting of 01*0.480*. These crystals melt at 66°, and 
detonate when suddenly raised to a higher temperature. They are instantly decom- 
posed by water into sulphuric and hypochlorous acids ; hence the compound acts as 
a powerful oxidising agent on sugar, alcohol, and other organic substances. Iodine 
decomposes it, with evolution of chlorine and formation of iodic acid. 

When hypochlorous anhydride is passed into liquid sulphurous anhydride, a very 
brisk reaction takes place as soon as the containing vessel is removed from the freezing 
mixture, chlorine being evolved and a red viscid substance remaining, composed of 
sulphuric and hypochlorous anhydrides in a proportion not yet determined. (S ch u tz - 
onberger, Compt. rend. Hi. 136 ; liii. 638; Jahresber. 1861, p, 142.) 

BTVOO.BZC AOXB. 1 0.— An acid belonging to the oleic 

series discovered in 1856 by Oossmann and Scheven (Ann. Ch. Pharm. 

xciv, 230) in oil of earthnut {Arackis hypogaa) It is isomeric, if not identical, with 
physetoleic acid, disco veretl in 1844 by Ilofstadter (Ann. Ch. Pharm. xcl 177) in 
sperm-oil (see Physrtoleic acid), also with the acid obtained by oxidation of a;|inic 
acid (C‘*n“0*), an acid produced by the saponification of the fatty substance, a ge'*or 
axin, contained in the Mexican plant, Coccus Axin. (B\ Hoppe, J. pr. Chem. fr*'*'- 
102 .) 

Preparation from Earth-nut o«7.— The fatty acids of the oil are dissolved in alcohol; 
arachidic and palmitic acids are precipitated by ammonia and acetate of magnesium ; 
the precipitate is removed; and the filtrate is mixed with ammonia and an alcoholic 
solution of neutral acetate of lead. The precipitate is collected after a few days, pressed, 
and dissolved in ether; the ethereal solution is agitated with aqueous hydrochloric 
acid ; the chloride of lead is filtered off ; tlio filtrate is shaken up with water which has 
been freed from air by boiling ; the ethereal layer which sepamiee again on leaving 
the liquid at rest is taken off ; and the ether is removed by dist^^^ion. The remaining 
liquid on cooling deposits yellowish crystals, which may be pitted by pressure and 
recrystallisation from alcohol at a very low temperature. AnSuditionai quantity of 
crystals may be obtained from the mother-liquor. (Gossmann and Scheven.) 

Axinic acidyield.s by oxidation, agin in insoluble in ether, and the acid, C**H**0*, 
which may be dissolved out by ether, and crystallises from the ethereal solution. 

Hvpogscic acid c^stallises in stellate groups of needles, inodorous, melting at 34° or 
86° (physetoleic acid melts at 30° and solidifies at 28°), easily soluble in mcohol and 
in ether. — 1. When exposed to the air, it acquires a yellowi.sh colour and rancid odour, 

. an^ then crystallises with diflScult^, even at ve^ low temperatures. — 2. When 
^inMbpaiSted to dry distillation, it first gives off a reddish-yellow liquid, then yellowish* 
irhite crystalline sebacic acid, and lastly, a fetid oil, learing a small quantity of char- 
coal. 

Nitrous acid converts hypogmic acid into the isomeric compound gaidic acid, which 
is related to it in the same manner as ela'idic to oleic acid. It forms a colourless ciys- 
talline mass, permanent in the air, melting at 38°, solidifying in the ra^o-crystamne 
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form oD cooling, and volatilising underomposed at higher temperattireB, (Caldwell 
and Gossmann, Ann. Ch. Phann. xcix. 805.) 

Hypogseic acid is monobasic. The barium-salt h obtained by adding alcoholic 
acetate of barium to an alcoholic solution of the acid mixed with excess of ammonia, 
in white grains which dissolve when heated and se|)arate again on cooling. 

j{ypogaate of Copper, C"H*“Cu"0*, is obUiined, in like manner, by mixing alcoholic 
cupric^etate with a hot alcoholic solution of the acid containing ammonia, and scpa- 
rates on cooling in violet-blue ci 7 stHlline grains, soluble in alcohol and cohering to a 
translucent wax at Ib^.-^Gaidate of coppir is obtained by mixing aqueous gaidate of 
so<lium with cupric sulphate, as a scarcely crystalline precipitate, which dissolves with 
difficulty in alcohol, and sepanites therefrom in granules. It melts without decom- 
position at a temperature above 120° , , . 

Hypogteate of Ethyl, C*“H'»(C»IP)0*, is obtained by passing hydrochloric acid gas 
throu^a solution of hypogseic acid in alcohol of 95 per cent and separates on warming 
the liquid, as an oil which may be freed from adhering acid by washing with small 
quantities of alcohol, and dried in a stream of carbonic anhydride between 100° and 
120°. It is yellow, inodorous, lighter than water, but sinks in alcohol, in which it is 
but slightly soluble. Not volatile without decomposition. 

Gdidate of Ethyl is prepared by passing hydrochloric acid gas through a solution 
of gaidic acid in absolute alcohol, precipitating after 12 hours with water, and sulgect- 
ing the separated mixture of gaidic ether and gaidic acid to a second treatment with 
hydrochloric acid. The product is washed and dried at 100° in a stream of hydrogen. 
It is a colourless, lamino-crystalline mass, which melts between 9° and 10°, and 
volatilises undecomposed at a higher te.mpf*rature. It is inodorous, lighter tlian 
water, heavier than alcohol, and sparingly soluble in alcohol. 

Gdidate of Silver is obtained by pr(*cipitation as a white amorphous mass which, when 
washed, and especially if heated with water, alcohol or ether, turns black without 

dissolving. /. j* 

Gdidate of Sodium is obtained by dissolving the acid in aqueous carbonate of sodium, 
evaporating, and exhausting the residue with absolute alcohol ; the solution on cooling 
def>osit8 the salt as a translucent jelly : from dilute solutions it separates in crystalliuo 
grains. 

BYVOOAlfUC ACXO. C^H^O*. (Matthiessen and Foster, Chem. Soc. J. 
xvi. 360.)— An acid produced by the action of boiling concentrated hydriodic acid on 
hemipinic acid (p. 142): 

-h 2in * Cai«0« + 2 CH*I + CO*. 

.Hemipinic HypoKalllc Iodide of 

acid. “cld. methyl. 

It is isomeric with carbohydroquinonic, protocatcchuic and oxysalicylic acids, and 
intermediate in composition between salicylic acid, C’H“0*, and gallic acid, 

Hypogallio acid, when pure, is only slightly soluble in cold water, but dissolves 
easily in hot water, alcohol, and ether ; its solution reacts strongly acid with litmus- 
papen It separates from hot water in small prismatic crystals, united into stellate 
groups, and containing at. water of crystallisation, which they lose at 1(K)°< The 
acid melts at about 180°, but as it begins to decompose oven at a lower temperature, 
its melting-point could not be accurately ascertained. 

Hypogmlic acid gradually turns brown when heated in the air to a little above 100 \ 
the same change occurs more quickly when a solution of it, especially if neutral or 
alkaline, is evaporated. Added to solution of nitrate ov amnuynio-nitrate of silver, \\ 
causes an immediate precipitation of metallic silver, even in the cold ; with aulphats 
of copper and a slight excess of potash, it gives a yellowish green solution, from whi^ 
an orange-yellow precipitate is tlirown dowui on warming ; in a mixture oi aeaqukhlortde 
of iron and red prussiate of potash, it immediately produces a blue precipitate ; when 
failed with solution of mercuric chloride, it reduces it to calomel. With sesquichlortde 
of iron, it gives an intense indigo-blue- coloration, which is changed to violet by a very 
small quantity of ammonia, and to blood-red by excess of ammonia, no precipitate 
being produced, unless too much chloride of iron has been iwed ; the colour is destroyed 
by strong acids, but restored by neutralisation with alkali, and partially by iiddititm 
of water. A solution of the acid immediately becomes brown on addition of alkali, 
the colour quickly becoming darker by exposure to the air. With amnumxa and 
chloride of barium or calcium, it give.s a brownish white flocculent precipitate ; 

ecvfete a yellow precipitate. ^ 

^iIHc add is decomposed by hea 


ecvfete a pale yellow precipitate. , j " 

Hypogallic ado is decomposed by heat into carbonic anhydride and fl^utwanc# 
>vhich solidifies in the neck of the retort to a colourlt^ss ciystallinc mass. The deeom* 
l»osition b^g;i^ at about 170°, and goes on rapidly at 200°. The crystalline pro- 
duct melts, in the crude state, at aljout 90°; it dissolves easily in wa^r, and 
•TfstaUiset in needles when the solution is evaporated. It is rapidly attacked nitna 
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4cid, even when diluted, giving a red-brown eolntion. With seegnichloride of iron it 
givee a blniah-black amorphous precipitate ; with acetate of lead it gives a white or 
yeUowish-white precipitate, soluble in an excess of acetic acid It slowly assumes a 
aarker colour by exposure to air in contact with alkali. This substance has not yet 
been prepared in sufficient quantity for complete investigation. 

The three acids above mentions as isomeric with hypogallic acid, have about the 
same solubility in water, alcohol, and ether, as the latter ; they all likewise give a dark 
coloration with the sm^est trace of sesquichloride of iron ; reduce nitrate of silver * 
become dark brown when mixed with alkali and caused to the air; give a yellowish- 
white precipitate with acetate of lead ; and at a high temperature are all decomposed 
into carbonic anhydride and oxjphenic acid or hydroquinone. Nevertheless, no two 
of these acids appear to have quite the same properties. The following are the most 
important points in which differences have been observed. Hypogallic acid crystallises 
with molecule of water (14*9 per cent.), carbohydrcmuinonic and protocatechuic acids 
with 1 molecule (10*4 per cent), and oxy salicylic acid without water. Hypogallic and 
oxysalicylic acids give a dark-blue colour with sesquichloride of iron, the other two 
acids a dark-green colour. Hypogallic acid reduces nitrate of silver immediately in 
the cold ; carbohydroquinonic acid reduces it slowly in the cold, rapidly when Ixiiled ; 
oxysalicylic acid has no action on nitrate of silver in the cold, but reduces it completely 
when boiled. Carbohydroquinonic acid reduces cuprous oxide from a mixture of cupric 
acetate, tartaric acid, and excess of potash ; protocatechuic acid causes no reduction of 
the same solution. Hypogallic acia causes a precipitate in a mixture of chloride of 
barium and ammonia ; protocatechuic acid only on addition of alcohol. Some of these 
' differences may perhaps bo due to accidental causes, depending on the different sources 
and modes of preparation. 

BTVO-ZOBZO ACZD. See Iodine, Oxacids of. 

BTPOBZOBZO ACZB. See Niobium. 

BTPOUZTRZO ACZB< Syn. with Pcmitric oxide. (See Nitrogen, Oxides of.) 

BTPOBZTBOnSBCOB'ZO ACZB* Syn. with Nitromeconin. (See Mbconin.) 

BTPOBZTROVS ACZB. Syn. with Nitrous acid. 

BTPOPBOSPHOBOZTS ACZB. See Phosphorus, Oxygen-acids op, 

BTP08CB12BZTS. A name applied by Breithaupt to a mineral from Arundel, 
which, according to Bammelsberg, is probably albite mixed with augite. (See Albitb 
under Felspar.) 

BYFOSTZZiBZTZI. Syn. with SirLBiTU. 

BTPOBVZiPBAMTZiZO AOZB. Syn. with Amyl-sulphurous acid, (See Sul- 
phurous ETHERS.) 

BTPOSirZiPKABBZarZOUS ACZB. Syn. with Disulphide of Arsenic. (See 
Arsenic, Sulphides of, i, 386.) 

BTPOBUZiPBBTBTBZO ACZB. Syn. with Ethyl-sulphurous acid. (See 
Bulphurous ethers.) 

BTPOSVrXiPHZXaBZOOTZC ACZB.) » r 

BYPOSmEiPKOCaSRUBZC ACIB. { Indigo-sulphuric acids. 

®'S^J^®®10^3P®0®*»UTZC ACZB. Syn. with Sulphoolutio acid. 

BTP08VZ.PB0MBTBYBZC ACZB. Syn. with Methyl-suIphurous acid. (See 
Sulphurous ethers.) ^ 

BTPOBUrZiPBOBAPBTBAZiZC and BTPOSVWBOB’APBTBZWZO 
ACZBB. See Sulphonaphthalic acids. C 

BTPOBVXiPBOPBOBFBORZC and BTFOBinU^OFBOBPBOROirB 

See Phosphorus, Sulphides of. 

BTPOSUXiPKVRZO and BTPOBVBPBVROVB ACZBB. See Sulphur, 
Oxygen-acids op. 


BTPOVABABZC ACZB. See Vanadiuh. 

BYPJMABTBZRZS. An azotised organic substance discovered by Scherer 
(Ann.^ Ch. Pharm. Ixxiii. 328) in the spleen of man and in the ox, and since found to 
exist in many other parts of the animal body. It is probably identical with Saroenb 

BTBBOPZIfB. A doubtfbi alkaloid, said by Herbeiger to exist in the herb of 
ifyasopus officinalis, 

I OZB OP. A volatile oil obtained firom Hystopus offidnalit by 
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distillation with water. It is yeDow ^h«tt fresh, but toms red hr keepiiiff* has a 
•harp taste and smells like camphor. 

nmTATXTMrn Sjm. with Ixjciniti. 


XASPACBATSS. a variety of agate. 

XBlSJtlTB. A silicate from Montoval, near Toledo, occurring in large six-sided 
prisms with basal cleavage. Hardness = 2-5. Specific gravity « 2*89. Contains, 
according to Norlin (Kongl. Vetensk. Akad. Fdrhandlingar, 1844, 215), 40*90 
per cent. SiO*, 30*74 A1*0*, 16*47 FeO, MnO 1*.33, 0*40 Cab, 0-81 MgO, 4*67 K*0, 
0 04 Na*0, 5*66 H*0 -» 99*82. Fuses to a dark pearl before the blowpipe. It is pro- 
bably allied to dichroite. 

ZCS-SPAJt. A name sometimes applied to a transparent variety of felspar found 
in Vesuvian lavas : the term includes pellucid varieties of other specit^s of felspar. 
(Dana.) 

ZC£XiAJn>-8PAX. Transparent calc-spar. (See Calc-Spak.) 

ZCBTBZSZlTa A substance contained in the immature eggs of cyprinoid fishes. 
ZCRTBZB7. The azotised constituent of the eggs of cartilaginous fishes. It id 
easily extracted from the eggs of the ray by pouring tlie yolk into a large quantity of 
distilled water, washing the dense granules which fall to the bottom till the wath-^ 
water contains only traces of albumin and saline matters, and finally exhausting thent 
with alcohol and ether. 

Ichthin thus obtained forms homogeneoiis, white, transparent grains, soft to the 
touch, insoluble in water, alcohol, and ether. Hydrochloric acid dissolves it without 
violet coloration; it is also readily soluble in dilut«* acetic and pliospli(jric acid, and in 
other acids in the concentrated state. Solutions of potash and soda dissolve it slowly; 
ammonia does not act upon it. It gives by analysis 50*2 to 51 *0 per cent, carbon, 8*7 
to 7‘8 hydrogen, 14*7 to 16*4 nitrogen, and 1*9 phosphorus (?). It does not appear to 
contain sulphur. It leaves but a trace of ash when burnt. (Valenciennes and 
Ir^my, Corapt. rend, xxxviiii. 480, 628.) 

ZOBTKVXiZir. The veiy young eggs of cyprinoid fishes contain, lK*sides iethidin, 

H slnmgly albuminoiw liquid which holds in suspension certain mineral salts, together 
wifh ie. hulin, which may be precipitated by water. When first precipitated, it is viscid 
like gluten ; but when treated with alci^hol and ether, it loses its viscosity and becomiMi 
sollil and pulverulent Like ichthin, it dissolves in acetic and in phosphoric acid, also 
ni hydrochloric acid, without violet coloration. It contains 52*5 to 63*3 percent 
carU)n, 8*0 to 8*3 hydrogen, 15*2 nitrogen, 1*0 sulphur, and 0*6 phosphorus (?). It 
»^< nis to disappear as the eggs approach maturity, and to be replaced by albumin. 

V » alencien nes and Fr4my.) 

ZC HTHY OCOZiZ, or ISZSTOZiAJIS. See GiitJkTiif (ii. 826). 
XCBTRTOPBTBAXnXZTS. Syn. with Apophyi.lIte (i. 351). 
xczcA-msBzzr. A resin very similar to elemi, obtained from trees vciy common 
m yuiana, belonging to the order J'ercbinthacea. It occurs in small musses or o[>aquo 
^.'rains, having a yellowish-white colour, and a sweet, rather agreeal'lo odour, the 
n ngth of which is increased by heat It is friable and tasteless. It gives up nothing 
to water, and is but sparingly soluble in alcohol, requiring for complete solution 45 
parts of cold alcohol of 36°, and 15 parts of Ixnling alcohol; it dissolves also in 3| 
tUTfsentine at ordinary temperatures. It is insoluble in alkalis. Its 
a TOholic solution docs not precipitate lead or silver salts. 

Icica-r^n is composed of three distinct substances, separable by their difierent 
degrees of solubility in alcohol 

<»• If the resin be completely dissolved in boiling alcohol oho of these substances, 
brean, crystallises on coob'ng. It has the composition of cholcsterin, and forms 
t^elesa, needle-shaped crystals, insoluble in water and in alkalis, sparingly 
^uble in alcohol and having a neutral reaction. It melts at 157®, and soltaifles on 
>iing to a resembling amber. By diy distillation it yields einpyrcumafic oils, 
volatile, solid, amorphous substance which ttiliects in the neck of the retort^ and 
_^aJl tesidne of charcoal. It is dissolved, with fed colour, by sulphuric add, and 
^^^^teted unaltered by water. Nitric acid decompose it, with evolution of oitrons 
* yellow body soluble in excess of nitric acid, and predpitated on 
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soluble in excess of nitric add, and predpitated on 
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h* On removing the hrean and concentrating the twtheir-liquor, a certain quantity 
of the same substance, in an impure state, first s«|pe«rte8, Md aft^mrde another 
crrstalline i^sin, icican, which has the same maltinj-jg^t as brean, ^d re^mbles it 
in most of its other properties, but is distin^ished by its greater solubility in alcohol. 
It gives by analysis 82-01 per cent. C, 11-65 H, and 6-34 0, which may be represented 
by the formula C“H*^0. Its composition is about the same as that of the resin of 

Ceroxylon Andieola. , . , j. j .c . 11 . 

c. The mother-liquor of icican, after being completely freed from crystallisable 
matter deposits a small quantity of a yellow amorphous resin, which melts below 100°, 
and is much more soluble in alcohol and ether than brean or icican. ^ Its alcoholic 
solution is slightly acid to test-paper, but the resin does not dissolve in alkalis. It 
contains 77*98 per cent. C, 10*69 H, and 11-47 O, corresponding approximately with the 
formula C**H»*0*. (Scribe, Ann. Ch. Phys. [3] xiii. 166.) 

n>XOTn*8a A term applied by Q-uthrie (Chem. Soc. J. xiii. 35) to bodies 
derived by replacement from the same substance, including the typical substance iteelf; 
ammonia, for example, is idiotypic with ethylamine, phenylamine, and all the organic 
basis derived from it by substitution, and these are idiotypic one with the other. 

The same term was applied by Wackenroder (J. pr. Chem. xxiv. 18) to certain 
non-ciystalline organic bodies which, according to his observations, exhibit certain 
similarities of structure. 

I]IOC8Afla« See Vesuvian. 

;%|IUA8nr. (?).— The essential constituent of idrialite, from which it 

;^j^tafa)ied either by dry distillation in an atmosphere of carbonic anhydride— or bettor, 
^wi^TOiling the mineral with roek-oil or oil of turpentine ; the liquid on cooling solidifies 
' which may be freed from the solvent by means of bibulous paper. 

forms colourless scales, which melt at a very high temperature, with partial 
decomposition. When distilled, it partly volatilises, but at least ^ of it is decomposed 
at the same time, even in an atmosphere of carbonic anhydride. It is insoluble in 
^ loiter, even at the boiling heat, and nearly insoluble in alcohol and ether ; the best 
solvent for it is boiling oil of turpentine. It gives by analysis 91-7 to 92*0 per cent, 
carbon, and 6-1 to 6*4 hydrogen, agreeing nearly with the formula above given— which 
requires 91*07 C, 6*11 H, and 2*92 0. (Bodeker, Ann. Ch. Pharm. lii. 100.) 
Dumas and Laurent regarded it as a hydrocarbon C’*H*®, but these results were 
calculated according to the old atomic weight of carbon. 

Idrialin heated with strong sulphuric acid forms a solution of a fine blue colour, 
like that of sulphindigotic acid. The solution diluted with water forms with bases 
peculiar salts, among which the potassium-salt is distinguished by its beautiful crystal- 
line character. — Idrialin boiled w’ith strong nitric acid yields a red powder (Laurent’s 
nitrite of idrialase) destitute of taste and odour, insoluble in water and ether, soluble 
in sulphuric acid, to which it imparts a mahogany colour. In potash it dissolves with 
brown colour. Heated in a closed tulie, it decomposes with explosion and emission of 
light According to Laurent’s analysis, it contains 62*7 to 63-3 per cent carbon, 3 2 
to 3*0 hydrogen, and 10*6 nitrogen, approximating to the formula C**H“(NO’)‘0. 
(66*2 C, 2*9 H, and 9*0 N). 

XB3IXA8XTS. The mineral from which idrialin is obtained. It is found in the 
quicksilver mine of Idria, mixed with cinnabar, and is sometimes called inflammable 
mnnabar ( Quecksilberbranderz). It is massive and opaque, with greasy lustre, greyish 
or brownish-black colour, and blackish streak inclining to red. Specific gravity, 1*4 
to 1*6. Hardness, 1 to 1*6. 

XB8T&. Bodeker found in a product obtained by tl^ ^ry distillation of the 
quicksilver ore of Idria in a close vessel, two peculiar h;mpcarbons, one of which 
{idryl) formed mammellated groups, fusible at 86®, volat3||^ithout decomposition, 
very soluble in alcohol, ether, acetic acid, and oil of turpenti^f while the other formed 
scales melting above 100®, volatilising before melting, and much more soluble than the 
former. Their composition agreed nearly with the formula, wC‘H* (94*7 C and 6*3 H). 

S4IASV1UO ACXXI. Pelletier wd Caventou (Ann. Ch. Phys. [2], x. 142), 
An acid contained, in very small quantity, combined with strychnine, in the l^an of 
St Ignatius ; also in nux wmica^ and in the root of Strychnos cdubrina. It is pre- 
parea by washing the magnesia which has served for the preparation of strychnine, 
with cold water, till the colouring matter is removed, then tailing it with a laige 
quantity of distilled water, which dissolves the igasurate of magnesium, predpitating 
it with acetate of lead, decompoeing with sulphydric acid, and evaporating to a lymp. 
The acid is then deposited, after a whUe, in small hard granular crystals. It m * 
•our, styptic taste, and is very soluble in water and in alcohol. Corriol it M 

identical with lactic acid; but, according to Marsson (Ann. Ch. Pharm. ii;^«296), 
this identity does not exist, for igasuric acid precipitates acetate of lead, which laeti* 
acid does not. 


I6A81^1KS4#QI<ESIASITB. S48 

The iaoMwate* are for tl^ aoluUe in water and in alcohol. The mtmo* 

niwm^scutt ie perfectly, nentru) ^cea hoi precipitate the salts of iron, merouryi or sUyery 
but colours coppeiHialta green, and tlien forms a greenish-white precipitate sparinnlr 

soluble in water. 

XOASUXnrs. An alkaloid, discovered In 1853 by Desnoix (J. Pharm. [3], 
XXV. 202). It exists in nux ixmicOf and is found in the motlier-liquora from wh^ich 
strychnine and brucine^ have been precipitated bv lime at the boiling heat. These 
mother-liquors, if sufficiently concentrate deposit the igasurine in ciystals on the 
sides of the vessel. It may be purified by dissolving in water acidulated with hydro- 
chloric acid, treating the solution with animal charcoal, precipitating by ammonia, and 

rc^rystalUsing. 

Igasurine ciystallises in colourless prisms, having a silky lustre. It is more soluble 
in neater than strychnine or brucine, dissolving in 200 parts of cold and 100 parts of 
boiling water ; it is sparingly soluble in ether^ very soluble in alcohol. The alcoholic 
solution turns the plane of polarisation to the left: [ a ] «= — 62*9®. It has not 
been analysed, but its atomic weight appears to be intermediate between those of 
strychnine and brucine. 

Igasurine, when heated, melts and gives off water (about 10 per cent.) ; at a higher 
temperature, it is decomposed, with evolution of ammoniacal vapours. Strong 9tdphurio 
acid communicates to it a rose-colour, which passes to yellow, and then to yellowish- 
green. Nitric actd colours it deep red like brucine ; on adding a few drops of stannous 
chloride, the colour changes to violet Chlorine^ passed into a very dilute sodulfoa.pf 
hydrochlorate of igasurine, produces first a rose, then a red, then a yellow colour, 11 ^ 
bubble of gas being enveloped by a white pellicle, which is gr.idually deposiled^jl^S 
pulverulent form. If the stream of chlorine be discontinued, the precipitate 
on agitation, and the solution soon afterwards lo.se8 it.s r('d colour, retaining 
slight greenish tint. Iodide, 0 / potassium ^ added to a solution of igasurine, product = 
a crj'stalline precipitate after a considerable time; iodunttid iodide of potawium 
immediately forms a brown precipitate. Igasurim* i.** n<.t pna-ipitatod by chlorals of 
pot;LS8ium, but its solutions yield a yellow precipitate with tetrachloride of platinum^ 
win’ to with tannin^ and with itfusion of galls. 

Igasurine is intensely poisonous, being intermediate in j^ower between strychnine 
and brucine. 

Igasurine dissolves easily in dilute acids, and is precipitated from the solutions by 
)>otash. soda., and ammonia^ the precipitate redissolving in excess of the alkali, espe- 
cially in potash. It is also precipitrited in needle-shaped crystjils by acid carbonate 
of sodium, or potassium, in presence of tartaric acid. 

The salts of igasurine are for the most part crystallisable. The sidphate forms 
(odourless, silky crystals, soluble in alwut 4 pts. of boiling water, and 10 pts. of cold 
water. The hydrochlorate resembles the sulphate in form, but dissolves in 2 pts. of 
hot, and al)out 4 pts. of cold water. The nitrate forms colourless crystals, nioro 
soluble in water than either of the preceding salts. 

According to Schiitzenberger (Compt. rend. xlvi. 1234; Ann. Ch. Pharm. cviii. 
348), igasurine, prepared as above from the seeds of Sirychnos ntuv vomica, yields by 
treatment with hot water, and fractional crystallisation, no fewer than nine distinct 
btises, all colourless, very bitter, and acting like strychnine. They crystallise in 
twnsparent needles, or in nacreous bulky geodes. They are reddened by nitric acid 
bke brucine, which they also resemble in their chemical reactions, but they are mors 
soluble in water and in alcohof. They all contain water of crystallisation (3 or 4 at,), 
which they rive off at 100®. Schtitzenberger distinguishes them as o, 5, e, Aa 
igHsurine, and assigns to them the following formulae : 

Igasurine a. C**H**N*0*.3H*0 very slightly soluble. 

„ b. C»H«N*0».3H»0 slightly soluble. 

„ c. C**H*^N*0*.3H*0 moderately soluble. 

„ d. C‘»H»*NW3H*0 

„ f. C‘»H«N*0‘.3H*0 

/. C*'H*»N*0^3 or 4H*0 
„ g. C*^H"N*0* 3H*0 very slightly soluble. 

„ h. C^'H^NWSHK) moderately soluble. 

„ f. C»H*^*0».3H*0 


fioub^foL confirmatory evidences, these results must be considered rather 

******ASIT», Syn. with Hobh-Lbad. (See Lbad, Cbaobipb or.) 
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TCfLiT®— 

• jtOiftFni or I01iiOn& Sjn. with AbragowtK (t iS8), 
nMMOPOMBtTlMt A columbite from Ildefonso, in Spain, having a sobmetallie 
Titroo-adamantine luatre. Specific gravity 7*416 (Dana, ii. $35). 

mOMO AOXD* (Moldenhauer, Ann. Ch. Pham. cii. 360).— -An acid con- 
tained in the leaves of the holly (//rx agm/’o/ium). It is known only in combination 
with bases. To prepare the calcium-salt, an aqueous decoction of the leaves is pre- 
cipitated with basic acetate of lead; the filtrate, freed from lead by sulphydric acid, 
is heated with hydrate of lead ; the dissolved lead is again removed by sulphydric 
acid ; and the filtrate is reduced to a syrup. The laminae formed after some days are 
purified by pressing, dissolving in water, precipitating with alcohol, and recrystallising 
wth the heb of animal charcoal, whereby colourless ilicate of calcium is obtained. 

Ilicate of calcium contains 12*86 per cent, calcium, and is readily soluble in water, but 
insoluble in alcohol. An aqueous solution does not precipitate salts of manganese, zinc, 
iron, copper, or silver, but produces a precipitate with stannous chloride, and with the 
neutral and basic acetates of lead. When the lead-salts are decomposed by sulphydric 
acid, a colourless syrup is formed, which still contains lime, and by neutralisation with 
carbonate of barium, yields amorphous ilicate of barium. 

HoUy-leaves gathered in January contain gum, or a similar substance, which inter- 
feres with the extraction of the acid. 


XUCXW. The bitter principle oiUex aquifolium. According to D61eschamps 
(Bepert Pharm, xli. 230), the decoction of the leaves is precipitate with basic acetate 
of lead ; carbonate of potassium is added to make the liquid filter, and to precipitate 
to^iBXCess of the Iciid- salt ; and the filtrate is acidified with dilute sulphuric acid, again 
saturated with carbonate of calcium, and evaporated to a syrup. Alcohol 
from the syrup a light brown, very hygroscopic substiince, which, in thin 
dries up to small shining scales. Or, the aqueous extract is exhausted with 
alcohol, the alcoholic solution evaporated, and the dry residue exhausted with 
water at 40®. The filtrate is precipitated with basic acetate of lead, freed from excess 
of lead by sulphydric acid, evaporated, and treated with alcohol, which takes up the 
ilicin, and leaves it behind on evaporation. The aqueous solution of the alcoholic 
extract may also bo treated, as above, with acetate of lead, dilute sulphuric acid, and 
carbonate of calcium in succession, the filtrate evaporated, and the ilicin extracted 
from the residue by alcohol. It is a bitter, amorphous, bro\^*n, very hygroscopic mass 
(still containing a little potash), converted by acids at a gentle heat into a black sub- 
stance, with empyreumatic odour. It is soluble in water and alcohol, insoluble in 
ether.— Lebourdin (Ann. Ch. Pharm. Ixvii. 254) agitates the decoction of the leaves 
with animal charcoal, then heats it therewith to boiling ; leaves it to cool ; removes 
the now colourless and bveteless liquid ; washes the charcoal with cold water ; boils 
it with alcohol ; and leaves the filtrate to evaporate : it then leaves a colourless, ve^ 
bitter syrup, and finally an amorphous, neutral jelly, easily soluble in water and in 
alcohol. — M olden ha uer’s ilicin (Ann. Ch. Pharm. cii. 362) appears also to bo different 
from this. Moldenhauer removes the alcohol from the alcoholic extract of the leaves 
by distillation, and the separated resin by filtration ; precipitates with basic acetate of 
lead ; washes the yellow precipitate, and decomposes it under water with hydrosulphuric 
acid. The sulphide of lead, after being well boiled with water, yields the ilicin to 
alcohol, as a very bitter, dark brown substance, resembling tannin, and slig ht^ ia 
water. — Bennemann (N. Br. Arch, xciii. 4) gives the name of ilicin to crystals which 
he obtains as follows ; He precipitates the decoction with basic acetate of lead ; 
decomposes the washed precipitate under water with sulphydric ^id ; filters the liquid 
from file sulphide of lead, and evaporates to dryness. By ^peatedly exhausting the 
residue with alcohol, and leaving the solution to evapoigto, needles were finally 
obtained, but not in sufficient quantity for further examinatflft 

IXiXaCAlTTBXir, C'»n"0‘*. (Moldenhauer, Ann.-€h. Pharm. cii. 346.)-^ 
substance occurring in the loaves of the holly {Ilex aquifolium). The leaves gathered 
in January contain scarcely any ilixanthin, while those gathered in August contain a 
large quantity. The leaves are exhausted with alcohol of 80 per cent. ; the tinctiw 
thus obtained is freeil from the greater part of the alcohol by distillation ; and the 
residue is set aside to crystallise. The grannies, which separate after some days, aw 
dried, washed with ether to remove the green colouring matter of the leaves, dissolved 
in alcohol, and again separated by evaporation and addition of water ; they la8tly» 
recrystaUised from hot water. A farther quantity of ilixanthin may be obtained from 
the mother-liquor by reducing it to a syrup, dissolving in absolute alcohol, evaporatti^ 
the alcoholic solution, dissolving the residue in water, and precipitating with 
acetate of lead. The washed precipitate is decomposed under hot water with snlj^jyd^ 
acid, and the filtrate is evaporated to a syrup, whereupon the ilixanthin crystal»iS^w 
in straw-yellow microscopic needles, whi^ molt at 198® to transparent red yelloW drop*- 








BizAntliin boils and daoomposea at 216^. It does not leduoa an alkalina aolntion 
of cupric oxide, even on ptoloag^ boilii^. It is nearly insoluble in oold wed^, but 
dissolTCS easily in hot water, foining a yellow solution ; also in aUokol, but is inia^ble 
in <fArr. It dissolves in warm concentrated kpdrochlorie acid,. The colour of the 
aqueous solution is changed to orange-vellow by alkalis and alkaline carbonates, but 
becomes colourless on addition of sulphuric acid. Ferrous and cupric salts do not 
affect ilixanthin ,* ferric chloride colours it green. Neutral or basic acetate of lead pro* 
duces in the aqueous solution of ilixanthin a splendid yellow precipitate, soluble without 
colour in acetic acid. 

Ilixanthin forms a yellow dye on cloth prepared with alumina or iron mordants. 

OMMMTTM* Titaniferous Iron. See Txtakatbs. 

X&MBXrZITBf. According to Hermann (J. pr. Chem. xxxnii. 91, 119; xl. 475; 
Ixv. 52), Siberian yttrotantalite, or yttroilmenite, contains a peculiar metal which forms 
an acid, ilmenic acid, closely resembling niobic acid (seoNionivM), hut, nevertheless, 
distinguished from it by its lower specific gravity, bv the insolubility of its hydrate in 
hydrochloric aci^ and by forming with sulphuric acid a ctimpound which is decomposed 
1 y a large quantity of water, leaving a residue of hydrated ilmenic acid. According to 
If, Rose, however (Pogg. Ann. Ixxi. 157), the supposed ilmenic acid is merely niobic 
pcid, more or less impure. Rose also regards yttro-ilmenite as identical with urano* 
tantalite or Samarskite (y. v.) 

nVAXTB. See Lxbyritb. 

XMABBX8XX&B. C'*H'‘NO. (Laurent, Rev. scient. x. 122; J. pr. Chem. xx ^ 
312.) — Produced, together with bcnzilam and benzilimide, by the action of an^ia^jl|l 
on benzile : . '4'X * 

+ NH« - C'*H"NO + 11*0. 

Reiizile is dissolved in warm absolute alcohol ; dry ammoniacal gas is passed through 
the still warm solution; and the liquid is left to cool, while the passage of the gi»il 
continued. After 24 hours, the liquid, together with the sediment which has formed, 
is luated to the boiling point, and filtered at the same temperature, imabenzile then 
n-mains on tlie filter, and may bo purified by washing with ether. 

linalamzile is a white inodorous powder, which separates from its solution in boiling 
other-alcohol, in miero.scopic right rhombic prisms with dihedral summits, whose faces 
r» st on the obtuse lateral edges. It melts at 140^, remains soft and glutinous on cooling, 
and then solidifies without crystallising. It is quite insoluble in boiling alcohol and 
ether. It is partially decomposed during fusion. When subjected to dry distillation, 
it lu ither gives off gas nor leaves any carbonaceous residue. When gently heated 
with 7ittr/c acid, it gives off red vapours, and yields a yellow oil, which solidifies in the 
crystalline form on cooling, dissolves in alcohol, and crystallist's therefrom in small 
n*sHiIes united in tufts, but is insoluble in ammonia. It is not altered by boiling with 
hylroc’hloric acid. It dissolves in gently heated sulphuric acid, and the solution, mixed 
with water, deposits bonzilam. It dissolves readily in boiling alcoholic potash ; and 
water added to the solution throws down benzilimiae, while nothing but potash remains 
dissolved. 

***ABA.TXC ACXB. Syn. with Isahic Aan. 

XMABATXJT. C'*H“N»0>. (Laurent, Ann. Ch. Phys. [3] iii. 483.)--A com- 
pound produced by boiling a solution of isatin in ammonia. It is of a greyish-yellow 
colour, ofiten inclining to brown or green, and ciystallises sometimes in lamellated 
p^ins, sometimes in radiated spheres of a darker colour. It is insoluble in water and 
in ether, very sparingly soluble in l>oiling alcohol. It is decompised by dry distilla- 
tion, yielding a large quantity of charcoal and a sublimate of eolourh‘S8 needles. It 
is not attacked by boiling hydrochloric acid. Caustic potash dissolvcHi it, and the 
solution, diluted with water and neutralised by an acid, yields a whitish, gelutinom 
pifoeipitate. 

Du hlorimasatin, C'*H*CPN*0*, is a powder of slightly reddish colour, produced by 
the action of ammonia on an alcoholic solution of chTorisatin. 

'I't^irabromimasatin, C**H’Br^N*0*. Reddish-yellow scales produced by the action 
of ammotiia on tetrabromisatin. 

^*^TBA BTOVaS. Stony concretions found in a marly formation on the 
^huttgebirg in Finland. They were regarded by Parrot (Petersb. Acad. Bull. 1889, 
^.183) as petrified molluscs, on the ground that they contained calcium and aulphur, 
oojther of which elements were found W him in the formation in which they wcw 
imbedded. On the other hand, Virlet (Bull. 04oL ii. 219 ; iv. 22 ; Jabresber. 1847-8, 
p. 1298) regarded them merely as calcareo-aluminous concretions produced by mole- 
<^iar attraetiQn. concretions iJ), and the formatioD (R) in which they are found, 


846 IMESATIN— INDICAN. 

hiiT» b^ »i»ly»ed by Ulex (Jahreiber. 1861, p. 1086); the latter, also (») hj 
8alT«Ut(siid. 1298); 
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IBfBSATZir. C*H*N*0, (Laurent, loc. «Y.)— Obtained passing dry am- 

monia gas into a boiling solution of isatin in absolute alcohol, in which a Slight excess of 
pulverised isatin is suspended. It forms colourless right prisms, with rectangular base, 
inodorous, insoluble in water, moderately soluble in boiling alcohol, ve^ sparingly in 
ether. Heated with a small quantity of alcohol and hydrochloric acid, it dissolves 
readily and decomposes, yielding isatin and sal-ammoniac. The same decomposition 
is produced by potash. 

Chlorimeaatin, C"H*C1N^0, resembles imesatin, and is obtained in like manner from 
chlorisalin. It forms yellow hexagonal scales, sparingly soluble in boiling alcohol, 
nearly insoluble in ether. It is slowly decomposed by boiling water, with evolution of 
ammonia. When heated, it gives off ammonia, yields a sublimate of yellow needles, 
and leaves charcoal. 

ZM^SS. Monamides, in which 2 at. hydrogen are replaced by a diatomic radicle; 
e,g. aiiccinimide, N(CO)'TI; pgro-tartrimide, N(C4I"0)"H. (See Amides.) 

ZMFBSATO&ZA OST&VTHZXIM. (Masterwort) —The root of this plant 
(analysed by Keller) contains 0*2 per cent, of a resin called imperatorin orpeucedanin; 
16'0 fat ancl volatile oil; 5'6 extract soluble in water and alcohol; 8*8 gum and salts 
soluble in water; 9*2 starch and extract soluble in boiling water; 41*2 vegetable fibie, 
and 19*0 water (and loss). (Pelouze and Fr^my, Traite, vi. 398.) 

ZMPll&ATORZir. See Pbucedanin. 

ZXrOZira&ATZOir. See Asu (i. 417). 

nrBBl«ZBAOIIKB. C'*H''Br^N*0\— A yellow substance, insoluble in water, 

produced by the action of bromine on isamic acid. (Laurent.) 

ZKBZAM'XTB. A variety of anorthite (i. 308) found in the Carnatic, differing 
somewhat from ordinary anorthite (from V^,uvius) in the composition of the protoxides 
which it contains. According to Laugier’S analysis (Mem. du Mus. d. hist. nat. vii. 
341), it contains 42*0 to 43*0 per cent. SiO*, 34*0 — 34*5 APO*, 16*0 — 16*6 CaO, 3*3o— 
2 6 Na'^0, 3*20—1*0 Fe*0*, and 1*0 water. 

ZWDZAir ZBTBL or CBZITA IN’S. A black pigment, the best varieties of which 
are imported from (?hina. It is composed of a very fine black, said by Prechot to he 
obtained from camphor, cemented together with gelatin. 


ZBTBZABT BBB. A mineral from the Persian Gulf, used as a pigment. The hard 
coarse powdef has a dark red colour, with a tinge of purple. Specific gravity 3 843. 
The following analyses, A, of the entire mineral, B, of the portion soluble in hydro- 
chloric acid, are by How (Edinb. New Phil. J. new series, ii. 306; Jahresber. 1835, 
p. 926): 

SIO* F.«0’ A*OS CaO MgO SQS CO* IPO 

A. 30*17 66*69 3*79 2*65 1*43 2*28 1*73 1*62 = 100*26 - 

B. (. . 3*91 2*22 2*65 0*87 2*28 1*73 . .) = 13*6^ 4 

The principal portion (insoluble in hydrochloric acid) is a ferric silicate, 

The name inefian red is also applied to another pigme^ of similar colour; 
ing chiefly of sesquioxide of iron. 

ZXVBZAir TBB&OW or PimBBB. A yellow piguA consisting essentially of 
euxanthate of magnesium. (See Euxanthic Acid, ii. 609,~knd Puarsb.) 

ZBBZCAir. C‘’*H*'NO*’ (Schunck, Phil. Mag. [4] x. 73; xv. 29, 117, 281; 
Jahresber. 1856, p. 660; 1868, p. 465.— Gm. xvi. 1.)— A colourless substance existing 
in woad, and most probably in other plants which yield indigo-blue. It likewise occ^ 
in human urine, both healthy and diseased, and when present in considerable quantity, 
causes the urine, after spontaneous fermentation, or on addition of acids, to deposit, 
sometimes indigo-blue, sometimes indirubin. It may be detected by praei^tatiBg the 
urine with basic acetate of lead, collecting the precipitate which forms lirtiijS fiUiate 
on addition of ammonia, and decomposing it with cold dilute adds, tbff 

depositing, first, iud^-blue, then indirubin, and afterwards other pfomacli 
decomposition of indican. Indican is also found in the blood of man, and iA tlMItSlood 
and urine of the ox. (Carter, Ed. Med. J., Aug. 1869.) 

Preparation, — From woad-Uaves, carefully dried and pulverised 
lea^*e8 are exhausted with cold alcohol in a percolating apparatus; th^l^n tinettf* 




IKDICAN. 


|g precipitated witii ilooholio sngiu^-lead and a littla ammonU-witer ; aad tke fttle 
gr^n px^pitate, after waahing with cold alcohol, is decomposed onder wain Vv a 
stream of carbonic anhydride ; it then loses its colour, and yields a yellow solafemii, 
which, when fireed from dissolved lead by sulphydric acid, and evanomted over oil of 
vitriol, yields indican. — 2. The tincture prepared with cold alrohiA is ooneentrated, 
after addition of a little water, by passing a stream of air over it at the common tem- 
perature ; the fat wWch separates is removed bv filtration ; the filtrate shaken up with 
recently precipitated cupric hydrate ; the liquid agrin filtered ; the filtrate freed from 
dissolved copper by sulphydric acid ; and the licjuid separated from the sulphide of 
copper is evaporated at the temperature of the air. From the residual brown syrup, 
coldalcohol dissolves out the indican, leaving undissolved a brown viscid mass which 
conUins oxindicanin. By mixing the alcoholic solution with 2 vol. ether, farther pro- 
ducts of decomposition are precipitated, whilst the indican is obtained by evaporating 
the filtrate, "ii^en thus prepared it still retains a little fat. 

Properties, — Indican forms a yellow or yellow-brown syrup, which cannot be dried 
without decomposing. It has a slightly bitter and repulsive taste, dissolves in water^ 
with yellow colour, a^ in alcohol and ether. The alcoholic solution forms, with acetate 
of lead, a sulphur-yellow precipitate, which increases on addition of ammonia; the 
aqueous solution is precipitated by acetate of lead only after addition of ammonia. 

Decompositions. — 1. Indican decomposes even when gently warrac^, and at a stronger 
heat swells up and emits vapours which condense to an oil, solidifying partially in the 
ciystalline form. 

2. The aqueous solution is decomposed by heat, and by spontaneous evaporation, 
yielding the following products : 

a. Oxindicanin, This compound separates on spontaneous evaporation, 

and may be purified by repeated solution in water and precipitation by alrohol. It 
is a brown viscid combustible gum, having a nauseous taste ; by boiling with dilute 
sulphuric acid, it is resolved into indifuscin and indiglucin : 

2C«H”NO** » C**H^N*0* + 2C*H‘®0« + 4CO* -f 8H*0 

Oxindicanin. Indiruscin. Indiglucin. 

h. Oxindicasin. — Produced when an aqueous solution of indican is evaporated by 
h<'at, the indican, according to Schunck, being first ronverted, with separation of indi- 
glucin, into indicanin, the latter, with absorption of oxygen, into oxindicanin, and this 
hist being resolved, with assumption of water, into oxindicasin and indiglucin: 

2C2oh«NO'* + 3IPO i- C«H"N 0« + 2C*H'®0« 

Oxindicanin. Oxlndicailn. Indiglucin. 

It is purified like the preceding, w’hich it resembles. Its aqueous solution, preci- 
pitjited with excess of neutral acetate of lead, yields a yellow lead-salt containing 
C'*IP*N*.4Pb»0. 

c. Indicdsin. — The liquid filtered from the lead-salt of oxindicasin, and containing 
excess of lead-ac'etate, yields, when treated with a large quantity of alcohol, a pals 
yellow precipitate = C'«H®®NW6Pb*0. 

3. In contact with soda-ley or haryia-waier^ indican is resolved into indicanin and 

indiglucin : « 

C»h>'NO‘' + H’O - C»*fl”NO>* + c*ir*o* 

Indican. Indicanin. Indiglucin. 

A solution of indican, left for several days in contact with soda-ley, yields, with acidif, 
fhdirulan oroduced from the indicanin ; after longer standing, indirctin is likewisa 


Ihdirolan produced from the indicanin ; after longer st 
obtriiied, and in some cases the latter is the only product. 
4. Indican is decomposed by dilute acida in tlie cold, an 


lie cold, and more quickly when heated. 


The decomposition is induced by tartaric and oxalic acids, as well as by mineral acids, 
less easily by acetic acid. Aqueous indican mixed with dilute sulphuric acid, becomes 
turbid on standing, and deposits blue flocks, the formation of which ceases after 24 hours. 
The filtratA »ftw standing for some time, and still more when heated, deposite a broim 
powder, while leucine and indiglucin remain in solution, together with certain volatile 
products, viz. carbonic, formic, acetic, and perhaps propionic acid, which escape when 
the liquid is heated. , , , , 

The substance insoluble in water is a mixture of six different bodies. On exbau^i^ 
it, first wi^ cold, then with warm dilute soda-ley, indihumin, indifu^n^ and indintin 
are dissolvj^; the residue yields to alcohol, a- or fi-ind\fulvin and indiruhin^ toffethev 
with rcildiuis of indifuscin, while indigo-blue remains in solution. Instead of indi/asctii« 
ind^useom is sometimes obtained. Bchunck gives tbe following formulss 
Fomatton of indigo-blue or its isomer, indirubtn, and of indigluein : 

? C**H**NO** + 2H*0 - 0*H*N0 4- 8C*H**0* 

Ittdicaa. ludlflticta. 
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PW «f th0 indigo-blue is said to split up into leucine, formic add, and carbome 
anbydiide. + 6H*0 « C«H‘*NO* + CHW + CO* 

Indigo-blue. Leucine. Formic acid. 

b. Fonnation of a-indifulvin, indiglucin, and formic acid: 

2C**H**N0*’ + 6H*0 = C”H*®N*0* + 4O‘H**0® + 6CH*0* 

« Indifulvin. ladiglucin. Formic acid. 

c. Formation of /5-indifulvin, indiglucin, formic acid, and carbonic acid: 

4C*®H*'NO'' + 7H*0 « C^*H**N^O* + 8C®H'®0* + 10CH*O* + 2CO* 

Indican. Indifulvin. Indiglucin. Formic acid. 

d. Formation of indihumin, indiglucin, propionic acid, and carbonic anhydride : 

C”H*'NO'» + 2H*0 - C'®H»NO® + 2C®H'®0® + C®H®0* + CO® 

Indican. Indihumin. Indiglucin. 

e. Formation of indifuscone, indiglucin, acetic acid, and carbonic anhydride 

2C2«H»'N0'® + 3H*0 -= C*2H2®N®0® + 4C“H‘“0» + 2(PH«02 + 2CO* 

Indican. Ino ifuscone. Indiglucin. Acetic acid. 

f. Formation of indiretin, indiglucin, carbonic anhydride, and water: 

C^«H»'NO‘® = C'®H'’NO» + C®H‘®0® + 2CO* + 2H20 

Indican. Indireiin. Indiglucin. 

XSTBlGAim. C'*®H®®NO'^ (Schunck, Phil. Mag. [4] xv. 183.) — This com- 
pound is produced, together with indiglucin, by the action of aqueous alkalis or baryta- 
water on indican : 

C + H®0 - C‘^n®»NO» + C“H'®0®. 

Indicanin is left in contact with baryta- water ; the liquid is precipitated with dilute 
sulphuric acid ; and the filtrate is freed from excess of sulphuric acid by carbonate of 
lead, from lead by sulphydric acid, and evaporated in a stream of air at mean tempera- 
ture. The residue is dissolved in alcohol ; the solution is mixed with twice its volume 
of ether, which precipitates indiglucin ; and the filtrate is left to evaporate. 

Indicanin is a yellow or brown bitter syrup, soluble in water^ alcohul, and ether. 
When heated on platinum-foil, it swells up strongly and leaves charcoal. By dry dis- 
tillation it yields a brown oil in which white noodles form. Wlien boiled with acids^ 
it yields indiglucin and indirubin, and if impure, likewise indiretin and indifuscin. 
Formation of indirubin : 

C*®H®®NO'* + IPO « C»H®NO -t 2C®H’®0®. 

When boiled with soda-ley^ it gives off ammonia. 

Aqueous indicanin forms a slight precipitate with neutral acetate of lead; from 
alcoholic indicanin an alcoholic solution of neutral acetate of lead throws down a copious 
sulphur-yellow precipitate, soluble in excess of the lead-acetate, precipitable by am- 
monia, and containing C*®H*®N0'®.3Pb®0. 

UrSZTO&vnr. (Schunck, loc. cit.) — This name is applied to two compounds, 
distinguished as a indifulvin, C“H*®N®0*, and. /3 indifulvin, which are 

obtained, together with indifuscin, indiglucin, indigo-blue, indihumin, indiretin, and 
indirubin, by treating indican with dilute acids. 

Preparatim.— lmhchiy is heated with dilute sulphuric acid ; the flocks which sepa- 
rate are collected (the solution which runs off being preserved for the preparation of 
indiglucin), washed vrith cold water, and treated, first with cold, then with warm dilute 
soda-ley, which dissolves one portion, and leaves another containing a- and /5-indifttlviii, 
indirubin, and indigo-blue. The alkaline solution is preci^tAed with hydrochloric 
add, and the precipitate is collected, washed, and treated wijib^iling ammonia, which 
dissolves indirascin and indiretin, and leaves indihumin. Wpe ammoniaeal solution, 
neutralised writh acetic acid, yields a precipitate of indiffsiin, and an additional 
quantity of tliis product is precipitated from the filtrate by alcoholic sugar-of-lead. The 
indiretin which still remains in solution is separated by ammonia, in combination with 
lead-oxide and contaminated with indifuscin ; it is separated firom the lead-oxide by 
treating the precipitate with acetic and then with hot hydrochloric acid, and purified 
by repeated solution in alcohol, which leaves the indifuscin undissolved. 

The mixture of a- and /^-indifulvin, indirubin, and indigo-blue, insoluble in dilute 
soda-ley, gives up to boiling alcohol everything excepting the indigo-blue. The tmrple- 
brown alcoholic solution, mixed with ammonia and alcoholic sugar-of-lead, deposits 
residues of substances soluble in soda-ley ; and on separating these, then adding excess 
of acetic acid, distilling off the alcohol, and diluting largely with water, purple-brown 
flocks aie obtained, from which, when purified with dilute soda-ley, a small quantity of 
cold alcohol extracts indifulvin. On boiling the residue with an alkaline solution of 
^rolochloride of tin, filtering hot> and exposing the filtrate to the air, a purpl0-ie4 
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is fonned, consistiiig of in dim b i n. This is washed with water and dissolTed 
in^o^oL The portion insoluble in the alkaline solution is a mixtuxo of in^hmbin 
and indifulrin. 

Indifulvin is obtained of Tarioas composition, a or /3, according to circumstances 
not well understood. It is a brittle, friable, reddish-yellow resin, which, when heated, 
melts, bums with dame, and leaves charcoal. HeatM in a glass tube, it gives off a 
strong-smelling vapour, condensing to a brown oil, which solidifies in the ciystallins 
form. Dissolves in strong sulphuric acid^ with green-brown colour, and chars when 
heat^. By ordin^ nitric acid, it is scarcely attacked, even at the boiling heat; but 
it dissolves in fuming nitric acid, and is precipitated by water in orange-yellow fiooks. 
By heating and evaporating the liquid, a yellow resin is obtained, togetlier with crystals 
soluble in water, and different from oxalic acid. It is slowly decomposed by chr<nnio 
acid. It does not dissolve in aqueous alkalis, even at the boiling heat, or on addition 
of grape-sugar, or dichloride of tin. 

mxvmiczjr, and ZVBXVirsOO:^ f—These com- 

pounds are produced in greatest quantity by the action of dilute sulphuric acid on 
indiean which has been previously exposed to the air. A brown powder is then formed, 
containing from 69*4 to 67 6 per cent C, 6-78 to 7*12 N, and 2912 to 20*23 0, so that 
it appears to agree, sometimes with one, sometimes with the other of the Ibrmul® just 
given. When heated, it emits vapours, with on odour of burning turf, and yields an 
oily distillate. It burns without fusion ; colours chromic acid green ; with boiling 
nitric acid, it yields oxalic and picric acids ; dissolves in strong sulphuric acid, with 
brown colour, giving off sulphurous anhydride when heated. It is insoluble in boiling 
water; dissolves easily in alcoholic ammonia, whence it is precipitated in brown fiocks 
by acids ; also in aqueous alkalis and alkaline carbonaUs, and is precipitated tlier'efrom 
by metailic salts; sparingly soluble in boiling alcohol. 

* ZKBXOXiVCIM’. (Schunck, Phil. Mag. [4] x. 73 ; xv. 183 ; Jahresbcr. 

1K66, 659; 1858, 465; Gm. xv. 302.) — Produced, together with the products above 
ni(‘iitioned, by heating indican, indiciinin, oxindicanin, or oxindicnsin, with water, 
acids, or alkalis (pp. 247, 248). 

Preparation. — Tincture of woad-leaves, prepared with cold alcohol, is evaporated in 
a current of air ; the residue is mixed with cold, very dilute sulphuric ocia, and the 
fat which falls to the bottom is immediately separated by filtration. The filtrate 
serves instead of the acidulated aqueous solution of indican. The decomposition, 
which begins in the cold, is kept up by gentle heating, whereupon the solution 
becomes turbid, and a mixture of six insoluble substances separates (p. 247); the 
liquid is then filtered, the residue washed with cold water, and decomposed in the 
manner described under indican. The filtrate, freed from sulphuric acid by carbonate 
of lead, and from lead by sulphuric acid, evaporated to a syrup in a stream of air, 
dissolved in alcohol, and mixed with a large quantity of ether, deposits leucine in 
cip’stals, and indiglncin as a syrup. The latter, after the removal of the ciystals, is 
dissolved in water; the solution is mixed with acetate of lead; the scanty precipitate 
is n^moved ; and the yellow lead-compound of indiglucin is prf'cipitatcd from the filtrate 
by aqueous ammonia. The lead-salt decomposed by sulphydric acid under water, and 
treated with animal charcoal till a sample gives a white precipitate with ammoniacal 
fiugar-of-lead, yields a solution from which^ by evaporation, solution of the residue in 
alrohol, and aadition of ether, the indiglucin is precipitated in the form of a syrup. — 
2. In the preparation of indicanin from indican, by mixing the latter with buiyta-aater 
and leaving it at rest, then removing the baryta, evaporating the filtrate in a current 
of air, dissolving the residue in alcohol, and precipitating by ether, indiglucin is sepa- 
rated as a syrup. This syrup is dissolved in alcohol, mixed with excess of alcoholio 
wigapof-lead, the brown precipitate removed, and the solution precipitated with am- 
monia. The lead-compound of indiglucin is purified and decomi>osed as in method 1. 

Indiglncin is a colourless or light yellow syrup having a slightly sweet taste, soluble 
in urnter and in alcohol, but precipitated from the alcoholic solution by rthcr. 

It swells up when heated, and gives off an odour of caramel. With Ixiiling nitric 
it forms oxalic acid. With strong sulphuric acid, it becomes carbonised. When 
boiled with soda4ey, it turns yellow, and separates brown fiocks. From an alkaline 
^^pric solution it i^uces cuprous oxide; bom an aqueous and still more from an 
antmonwal solution of nitraU of silver, it reduces metallic silver; similarly with 
^^^^ride of gold. It is not fermentable, but toms acid by prolonged contain with 

Aqueous indiglncin dissolves hydrate of calciun^ and the solution on boiling do- 
copious ydlow fiakes, which dissolve on cooling, and are precipitated by al^hoh 
* a mixture of indiglucin with harytorwater alcohol throws down yellow flakes.*^ 
Aqueous indiglucin is precipitated by neutral or basic acetate of lead, only after addi« 
of ammonia; the precipitate has the composition C'‘‘H**Pb"0'’.3Pb^0. 
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mtuo^mxn C*H*N0 or C**H»N0*.— indigo, IndigoHn. (ktidioed 
Indigo (Gv. xiii 35 ; Gorh. iii 5 14).~-Thi8 important colouring matter wax known in 
Indm and in Egypt before the Christian era, and is mentioned by Diosoorides and 
Fliny under the names ip9uc6p and indiovm, Egyptian mummies have been found 
wmpped in blue clot^, the colour of which exhibited all the characters of indigo, 
irhe used it only as a pigment, not being acquainted with the method of 

solting it. Its introduction into Europe as a dye is generally attributed to the Jews, 
who wiring the middle ages practised the art of dying with indigo in the Levant It 
was first imported in la^e quantities into the European markets from India in the 
joventeenth century by the Dutch. 

Ttidjgft ia chiefly obtained fi*om various species of Indigoferay namely, I, Hnctoria, 
I, AnUy /. diiperma and L paeudoHnctoriay estivated especially in the East and West 
Indies; also from Nerium tinctorium and Calanthe veratrifoliay natives of Hindostan; 
Aaclepiaa tinctoria and Maradenia tinctoria of Sumatra, Polygonum tinctoriuiHy laatia 
indigoticoy Juaticia tinctoria and Bletia Tankervilliaa of China, and Amoj^ha fruticoaa 
of Carolina. The only European plant which yields true indigo-blue is woad {laatia 
iinctoria)y which was extensively used for blue-dyeing before the introduction of 
indigo ; but it is much less rich in indigo than the tropical plants above mentioned, 
and is now used only as an addition to the indigo-vat (p. 262). The following 
European plants also yield blue colouring matters more or less resembling indigo, but 
apparently not identical with it: Aatragaluaglycypkyllua, Centaurea Cyanua, Chdidonium 
mOQuay Cicer arietinumy Colutea arborcacenc, Coronilla EmeruSy Oalega offidnalia, 
Hedyaarum Onohrychiay Inula Helenivmy Iria germanicay Lotuc comioulaiue, Medicago 
sativa, Mercurialia perennia, Polygonum aincularey Polygonum Fagopyrumy Rkinanthua 
Criata-galliy Sambuoua nigrUy aambucua Ebuluay ^abiosa aucciaa and Vacoiniim 
Myrtillua, 

Indigo-blue is sometimes deposited from human urine both healthy and diseased, 
being produced by spontaneous fermentation from indican (p. 246). It has also 
been occasionally observed to form in the milk of cows, especially such as have been fed 
exclusively on sainfoin. 

With regard to the state in which indigo exists in the plants from which it is 
obtained, and the nature of the process by which it is converted into indigo-bluo. 
various opinions have been entertained. Roxburgh {Tranaactiona of the Socuiy o/ 
Artay vol. xxviii.) supposed that indigo plants contain only the base of the colouring 
■matter, which of itself is green ; that it is kept in solution by the carbonic acid evolved 
in the preparation of indigo, set free by the addition of alkalis, and absorbs from the 
lair a substance which converts it into indigo-blue. Giobert aur le pastdy 

Paris 1813) supposed that indigo-plants contain colourless indigo gen, which is 
soluble in water and contains more carbon than indigo-blue, into which it is converted, 
with formation of carbonic acid, by absorbing oxygen from the air. This oxidation is 
promoted by heat or by the presence of allwlis, especially by lime ; it is arrested by 
acids, even by carbonic acid. (Giobort.) 

According to Chevroul (Ann. Chim. Ixvi. 8 ; Ixriii. 284), woad and other indigo- 
plants contain indigo-white, C’lPNO, which contains 1 at. H more than indigo-blue, 
and being held in solution by the sap, is converted into indigo-blue by oxidation, on 
exposure to the air: 

2C?»H«NO -I- O - 2C*H*NO + H«0. 

This explanation, being the simplest, was very generally adopte<^ until Schnnok 
(Phil. Mag. [4] xv. 29) minted out that white indigo cannot exist in any plant, 
since it requires free alkan for its solution, whereas the sap oi piXnts is always acid, 
and moreover contains free oxygen. Sclmnck has further sh|^ that woad conta^ 
in die an, (p. 246), which is readily soluble in water, and whe&feiled with acids splits 
up into indigo-blue and indiglucin, without the intervention dpdxygen : 

C**H*NO*» + 2H*0 - C^»NO + 30»H*«0«. 

Indican. Indigo-blue. Indiglucin. 

The same substance probably exists in other indigoferse, and in other plants from 
which in^go is obtained, and during the steeping process, presently to be aescribed, is 
resolved, in consequence of the fermentation whi^ takes place, into indigo-blue and 
indiglucin. 

Preparation of Commercial Indigo,^\, From freak leavea , — In Bengal, the plants, 
which are cut close to the ground whilst the blossom is unfolding, are placed in a brick 
cistern {ataeping vat, Gdhrungakupey trempoirey pourriture\ which is filled several inchM 
deep wiUi cold water, and allowed to ferment. At 30° C. (86 F.) the fermentation is 
^oished in from 12 to 15 hours ; at lower tenq>or8ture8 it requires a longer time. Tbs 
gas evolved is a mixture of carbonic anhydride and atmospheric air whidi tbs 
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(^Tgen bAB been abroibed. Wh^ the liquid no longer risee, it is drawn off into the 
heating vat (Schtagekupe^ hatterie) which stands lower, where it is kept stirring for an 
hour and a half or two hours, whereupon carbonic anhydride is OTolved and the indigo 
at drst separates in large -flakes. When, after being repeatedly stined, it forms grains 
like fine sand, and tbe solution is clear, the indigo is allowea to settle. After two Of 
three hours, the liquid is drawn off ffom the deposit. If the fermentation is ptoperlj 
conducted, the ind^^o settles readily down, the liquid is of a malaga-brown colour, and 
forms a thick foam which rapidly disappears. The deposit is boiled for three or four 
hours in a copper vessel and then thrown upon a linen filter ; it is afterwards pressed, 
cut into squares, and dried by heat 1000 pts. of the solution of the leaves yiAd from 
0*6 to 0*7 pts. of indigo ; more is precipitated on the addition of potash-ley or lime* 
auter, but it is not so pure. 

Respecting the manufacture of indigo in the Caucasus, see DingL pol. J. 126, 304. 

2. From dry leaves . — In the soutliem parts of Intlia, the leaves of the indigo 
plant are dried, and packed up for a month, more or less, at the expiration of which 
time they assume a light lead colour ; by additional keeping the lead-colour gradually 
darkens till it becomes black. Experience has proved that the leaves will not give 
out any colouring matter to cold water till the first change has commenced, when the 
maximum quantity of indigo seems to be developed ; and that from this period it di- 
minishes. If from fear of rain the plant be cut too soon, the leaves should be kept 
proi)ortionally longer; but if, from want of sufficient sunshine, the cutting be deferr^ 
till after the plant is fully ripe, the leaves will not require to be kept so long. 

These leaves, after due keeping, are transferrt?d to the steeping-vat, where they are 
infused in water, in the proportion of about one volume of leaves to six of water, and 
allowed to digest for two hours, with occasional stirring. The water is then run off 
through strainers into the beating-vat, where it is agitated by the paddles of ten or 
twelve natives for about two hours, during which time the fine green liquor gradually 
darkens to a blackish hue. Lime-water is now thrown into the vat, and well mixed 
with the liquor. The supernatant Madeira-coloured liquid is run off after repose, and 
the subsided blue indigo is drained on cloth. Next morning it is mixed with water in 
a Clipper and boiled ; after which the whole is throwm on strainers, and the indigo 
collected is dried and formed into cakes. (Weston, Journal of Science^ xxvii. 296.) 

Indigo is obtained in the same way in the south of Fmnce from a hot extract of Ntrium 
tiuctorium and Polygonum tinclorium {d . Pharm. xxvi. 276; J. pr. Cheni. xvi. 180). 
Indigo was formerly prepared from woud in a similar manner, by employing tepid 
water and precipitating with lime-water; a deeper colour was imparted to the product 
by extracting the carbonate of calcium with hydrochloric acid. The preparation of 
indigo from Polygonum tinctorium is rendcrou difficult bv a rosin which the plant 
contains. This resin is separated by mixing the bruised leaves wdth one-tenth of 
their weight of protosulphate of iron, and adding a sufficient quantity of water, together 
with an excess of carbonate of potassium ; the wnole is then thrown upon a filter, and the 
solut ion mixed with sufficient nitric acid to render it slightly acid. On neutralising with 
carbonate of potassium, it becomes blue and deposits all the indigo-blue within 
24 hours ; the indigo has then the same properties as that obtained from Indigofera, 


Purijioation . — Commercial indigo contains from 60 to 60 per cent, of pure indigo- 
blue, the remainder consisting of indigo-gluten, indigo-red, indigo-brown, and a number 
of brown resinous products, &c,, formed either by decomposition of the indigo-blue 
pnxluced in the first instance, or directly from tlie indican itself (n. 240).^ Certain 
substances are also occasionally added to indigo for the purpose of adulteration. 

Indi^ may be purified from most of these foreign matters by treating it successively 
with dilute sulphniic or hydrochloric acid, with boiling water, and with alcohoL 
This treatment however does not yield a chemically pure product, and it is better to 
to the process of the vat, which consists in converting the indigo-blue into 
indigo-white by the action of reducing agents, and subsiHjuently reoxidising it. This 
process is also one of great industrial importance, being that which is used by dyers 
tor rendering indigo soluble and fixing it upon tissues. 

a. Cold Vats.-^ 1. Copperas or common blue vat, {^Cuve h la coupirose^ Vitriol* 
In this, which is the kind of cold vat generally used for dyeiM cotton, hejn|\ 
and flax, the indigo-blue is reduced by the action of protosulphate of iron. 1 pt. of 
finely ground ind^o is mixed with hot water, in which 4 pts. of quick-lime ars slaked; 
to this is added a solution of 8 pts. of sulphate of iron free from copper, the whole 


Tlie pre^rtions quoted are those most commonly used in dyeing; when the indi^ is 
particularly pure, m(nre lime and sulphate of iron must bo taken. An excess of loiMi 
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yields a sharp vat (tcharfe Kiipe), from which the threads of the material do not 
raadily take np the dye ; too little lime yields a soft vat {leise Kups)^ which does not 
dye so well On the addition of carbonate of potassium, a compound of mdi^white 
with potash is formed. A sediment is formed and a yellow solution, which becomes 
covered with a copper-coloured film (flower) ; the solution is draw off from the 
sediment, and deposits tolerably pure indigo-blue on exposure to the air. — Thomson 
digests commercial indigo with lime, sulphate of iron, and water, and exposes to the 
air the decanted solution of the compounci of indigo-white with lime ; he then removes 
the carbonate of calcium from the blue precipitate with hydrochloric acid, and the 
indigo-red with water, afterwards washes with water and dries.— B e r z e 1 i u s mixes 3 pts. 
of indigo (purified according to 1) with 6 pts. of quick-lime freshly slaked, 4 pts. of 
sulphate of iron, and 460 pts. of boiling water ; he then closes the vessel and shakes 
repeatedly ; allows the whole to subside, and removes the yellow solution by means of a 
siphon ; again adds hot water, and draws it off after repeated shaking ; and mixes the 
whole of the solution with hydrochloric acid ; this is exposed to the air and shaken till 
the indigo is completely oxidised ; it is then thrown on a filter and washed with water. 
— Erdmann mixes together 1 pt. indigo, 2 pts. sulphate of iron, 3 pts. lime, and 
60 pts. water; draws off the clear solution; mixes it, stirring repeatedly, with dilute 
hy oiochloric acid ; and washes the precipitate in contact with the air. The residue fields 
fresh quantities of indigo-blue when again stirrcid up with hot water, and with lime if 
necessary. The indigo-blue thus obtained contains a little gypsum, at most 075 per 
cent., and indigo-red, which it is difficult to remove by boiling with alcohol ; it is better 
to reduce the indigo again in the cold vat and precipitate it with hydrochloric acid.— 
According to Dumas, a little sulphide of calcium is formed in the vat, and hence sulphur 
is mixed with the indigo when it is precipitated by hydrochloric acid ; this he removes 
with sulphide of carbon. 

2. In the so-called orpiment-vaty a solution of the compound of indigo-white with 
potash is formed in a mixture of indigo-blue with trisulphide of arsenic, potash, and 
water, by the oxidation of the resulting sulpharsenito of potassium ; the solutiem 
deposits indigo-blue when exposed to the air. This kind of vat is chiefly used for 
calico-printing, not for dyeing properly so-called. 

3. In the tin-vaty commonly used for calico-printing, the indigo is reduced by a 
solution of stannous oxide in caustic potash or soda. The bath is usually mixed with 
an acid solution of tin, so as to neutralise the alkali and precipitate the indigo-white ; 
the precipitate is then used for printing. 

6. Warm vats. — 1. Woad-vat (PasUi-vat.) On mixing from 2 to 6 pts. of 
finely powdered indigo with from 30 to 60 pts. woad, 2 pts. madder, 2 pts. 1 ran, 1 to 
8 pts. potash, and J pt. lime, and warming wdth 1000 pts. water (6000 to 7000 litres) 
at 80® C. (176° F.), a fermentation is set up in which water is decomposed and the 
nascent hydrogen forms indigo-white, which combines with the ammonia simul- 
taneously formed. The brownish-yellow liquid first becomes green on exposure to the 
air, and then deposits indigo-blue; it may be used for dyeing for three to six months, pro- 
vided it be kept warm, and madder, bran, indigo or potash added from time to time as 
required. Beetroot-molasses and malt may be advantageously used instead of madder. 

The use of madder, bran, &c. in tliis process appears to depend upon the gummy and 
amylaceous substances and the pectic acid which they contain. These substances are 
probably transformed, first into lactic, then into butyric acid, in which transformation 
hydrogen is evolved, which reduces the indigo-blue to indigo-white. The woad at the 
same time undergoes putrefaction, and gives off ammonia, which keeps the indigo- 
white in solution. The lime seems to act chiefly by neutralising the excess of acid 
produced by the decomposition of the ainylacet^us and gummy jitters. 

2. In the potash or Indian vaty in which woad and lime are used, 3 pts. of indigo 
are added to a mixture of 2 pts. madder, 2 pts. wheat-bnj|86 pts. potashes, and 
1000 pts. water at 60° C. (140° F.) ; after 36 hours, 3 pts. potJHies, and after 12 hours 
more the same quantity of potashes, are likewise addedT. This vat is easier to manage 
than the woad vat. 

3. The urine^vat is employed only in small dye-houses and in certain localities, as 
at Verviers, for the dyeing of wool. The putrefying urine furnishes at once the reducing 
agents to convert the blue into white indigo, and the ammonia necessary to dissolve 
the latter. [Eor ftirther details respecting the manufacture of indigo and its use in 
dyeing, see Urds Dictionary of Arts, Ac, ii. 498.] 

To obtain indigo-blue in the ciystaUine state, 4 oz. of raw indigo and 4 oz. of grape- 
sugar are introduced into a flask caj^ble of containing 12 lbs. water, to which 6 oc. of 
the strongest soda-ley are added. The whole is w'ell shaken, and the flask completely 
filled with hot alcohol ; it is then tightly corked and allowed to stand for several hoar% 
until the solution is sufficiently clear to pennit its being siphoned off into a laiger 
flask. The flask is allowed to stand loosely covered ; the solution, at first of a beautifal 
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yellowish-fed colour, now ^pradiially turns blue, whilst Indigo sepamtcs out The 
solution is filtered and the indigo is washed, first vrith alcohol and then with water, 
till the filtrate is colourless. In this manner, 2 os. (50 per cent) of pure indigo-blue 
is obtained. If the brown alcoholic solution is poured back hot into the first flask, 
it yields 3 per cent more indigo; but it is then nearly exhausted (Fritische, 
Marchand). -Indi^ also forms a vat immediately with grape-sugar, caustic soda, 
and hot water ; the decanted solution, when exposed to the air, dejKisits indigo-blue 
containing a quantity of indigo-red, which may be extracted by an alwholic solution of 
soda. (Fritzsche.) 

Purification of indigo by suhlimation. — ^Wben powdered commercial indigo is heated 
on a watch-glass, a silver dish, or a spoon, a network of crystals is formed, which may 
be removed with a pair of forceps, and the crystals carefully separated from adhering 
particles of carbon, under a magnifying glass (Le Royer and Dumas ; Dumas).— 
Crura heats indigo between two platinum crucible lids, which are separated from one 
another by a distance not greater than | inch, till the hissing sound ceases.- IJerzolius 
sublimes indigo in an exhausted retort, of the size of a chicken’s egg, cuts off the upper 
p;vrt of the retort when the crystals have sublimed, and separates the lower crystals 
fwm the adhering particles of carbon. The crystals are fr^ by ether from traces of 
oil and rosin. — Taylor stirs up an intimate mixture of 2 pts. finely powdered indigo 
and 1 pt. gypsum with water into a tliin paste, wliich he spreads upon sheet iron in layers 
2 inches broad and | inch deep. These are dried by exposure to the air, then heated 
at one end with a spirit-lamp till red vapours are evolved, and so the operation is con- 
tinued. If the* mass catches fire, it is extinguished by a drop or two of water. The 
velvety indigo can easily be separated, and may be purified by alcohol and ether. 
(Med. Daz. 1843, 130.) 

Preparation of IndigoMue from Indican. — The aqueous solution of indican from 
woad-leaves, which must not be too dilute, is boiled with sulohuric acid or hydro- 
chloric acid; and the abundant purple-blue precipitate is filtered off and washed, first 
M ith water and then with boiling alcohol, till the filtrate is of a pure blue colour : the 
residue consists of pure iiidigo-blue. Nitric, oxalic, tartiiric, and acetic acids are also 
capable of converting iudican into indigo-blue: acetic acid, however, acts less powerfully 
than the re^st. (Scliunck.) . •» j 

Properties. — Indigo-blue sublimes in right rhombic pri.sins (Miller); in slx-sided 
prisms derived from a rhombic prism of 32° and 148°, and having their bases replaced 
by two faces which seem to form an obtuse angle with one another (Laurent). Its 
lustre is scmi-metiillic, and by reflecttKi light, dark-red inclining to copptT-red (accord- 
i!ig to Crura, it is red when viewed obliquely under the microscope ; and of a brilliant 
blue when viewed perpendicularly). When prepared in the wet way, it is dark blue, 
and acquires by pressure a dark copper colour and almost metallic lustre. It is 
inodorous and tasteless, and does not react upon vegetable colours. — In open vessels, 
it volatilises at about 288° in dark purple-red vapours ; in closed vessels, it decomposes 
partially when heated (Crum). It volatilises without decomposition only in a current 
of air or in vacuo ; the powder dropped on a piece of heated platinum foil, volatilises in 
purple vapours without leaving a residue, each particle being supported by the vapour 
without coming in contact with the foil (Dumas). It is quite insoluble in water^ 
dilute acids, and alkalis, ether, and volatile oils ; also in alcohol and^erf oils at common 
temperatures; but hot alcohol, and fixed oils heated above 100°, dissolve small 
quantities, and deposit it again on cooling. Sublimed indigo dissolves pretty readily 
in hot phenic acid, forming a blue liquid when mixed with a little alcohol, but 
precipitated by a larger quantity. Sublimed indigo also dissolves to a small extent in 
not oil of turpentine. 

Indigo-blue is isomeric with cyanide of benzoyl. . . i 

Decompositions, — 1. Indigo-blue molts and boils when heated in contact with the 
air ; at higher tem()eratures it bums with a bright and very smoky flame, leaving a 
residue of diffioultly combustible charcoal (Berzelius). By exj^sure to air containing 
ozone it is quickly converted into isatin. (Erdmann, J. pr. Cnem. Ixxi. 209.) 

2. By dry distillation, it yields a very little undecomposed sublimate, together Witn 
c-irlxinate and cyanide of ammonium, pbenylainime, empvreumatic oil, and a 
^‘sid^e of shining charcoal (Crum). On heating indigo* blue in vacuo, a brown oil it 
formed, together with a large proportion of sublimed indigo, but no permament gat 
or aqueous liquid; by rapid heating, more sublimate is obtained, and a fused thimng 
charwal ; on heating mom gradually, less sublimate is formed, together with a dull 
«‘‘rthy charcoal. (Berzelius.) 

3. Diy chlorine does not act upon indigo-blue between 0® and 100 . If mdU||^l>JW 

>s stirned up with water into a thin paste, and chlorine passed thro^ whue the 
whole b kept cool the mass becomes first greyish-green sod then Neither 

carbonic anhydride nor any other gas is evolved. An orange-coloured deposit is 


** the mass becomes firrt greyi 

carbonic anhydride nor any other gas is evoh 
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formed, and a yellowish-red solution; on distilling, trichlorophenic acid and tri. 
dblorophenylamine sublime, and a liquid distils oyer which smells of anisic acid, 
and contains In^drochlorio and trichlorophenic aci^. ^ The residue in the retort 
dissolves in boiling water, leaving a brown resin, which is formed in small quantity 
only. If the mass is cooled as much as possible during the action of the chlorine, and 
tl^ passage of the chlorine is interrupted before all the indigo-blue is destroyed, the 
boiling aqueous solution deposits, on cooling, a yellowish-red crystalline powder, which 
yields chlorisatin and dichlorisatin when recrystallised from alcohol. (Erdmann.) 

4. Bromine acts upon indigo in the same manner as chlorine. On treating moist 
indigo with bromine, a yellow mass is formed, which yields, by distillation, tri- 
bromophenic acid and tribromophenylamine ; the residue contains a little bromisatin, a 
large proportion of dibromisatin, and a little resinous matter. (Erdmann.) 

5. Mine decomposes indigo only when heated. (Berzelius.) 

6. Indigo is decomposed by heating it with chlorate of potassium and hydrochlorw 
add. Only traces of -chloranil are formed. (H o f m a n n.) 

7. When boiled with dilute nitric acid^ it gives off a large quantity of gas, and 
forms isntin and a brown resin ; with a stronger acid, it forms principally iiitro.sali- 
cylic acid, and with an excess of nitric acid of specific gravity 1*43, it yields picric acid; 
at the same time carbonic anhydride, prussic acid, oxalic acid, and the so-called 
artificial indigo-resin are formed. 6 pts. of fuming nitric acid becomes so violently 
heated with 1 pt. powdered commercial indigo that the mass takes fire. 

8. Concentrated chromic add destroys indigo-bluo immediately, especially when heat 
is applied, with violent evolution of carbonic anhydride and precipitation of sesquioxide 
of chromium. Dilute chromic acid forms a clear yellow-brown solution with indij^o ; 
if this is heated to near the boiling point and filtered, isatin ciystallises out on cooling 
(Erdmann). Chlorochromic acid does not act upon indigo-blue. (Thomson.) 

9. On boiling indigo-blue with peroxide of lead, a pale yellow solution is formed, 
which becomes turbid on cooling, and leaves a yellow powder when evaporated to 
dryness. This substance being suspended in water and decomposed with sulphydric 
acid, yields a brownish -yellow filtrate, which on evaporation leaves a residue consisting 
of a small quantity of brown resin and a few crystahj. The sulphide of lead contains 
a brown resin, melting at 100®, which may be extracted by boiling alcohol, and 
precipitated by water ; boiling water extracts from it a substance which, on evapora- 
tion, deposits crystals mixed with resin. (Erdmann.) 

10. Manganic svlplhate, manganate of potassium, and permanganate of potassium 
decolorise indigo (Lefort, Rev. scient. 16, 368). On heating indigo-blue for a 
considerable time with aqueous osmic add, oxalic acid is formed. (Buttlerow, J. pr. 
Ohem. Ivi. 278.) 

11. When the vapour of sulphuric anhydride is passed over roughly pulverised 
commercial indigo, the latter swells up, becomes heated, and a beautiful purple-red 
liquid is formed, which is transparent in thin layers, and solidifies into a crimson mass. 
In contact with the air, it evolves sulphurous anhydride (probably on account of the 
impurities of the indigo), and dissolves in common sulphuric acid with a violet colour ; 
on dissolving it in water, charcoal separates out and a dark blue solution is formed 
(Dobereiner; Bucholtz; Bussv). Indigo dissolves, with evolution of heat, in 
excess of fuming or of common sulphuric add (no gas is evolved if the indigo is pure) 
with formation of sulphindigotic acid ; if an excess of sulphuric acid is not added, 
more or less sulphophcenicic acid is formed. According to Berzelius, hyposulphindi- 
gotic acid is also fbrmed when indigo is dissolved in fuming sulphuric acid. Indigo- 
blue dissolves in cold sulphuric acid, first with a yellow colour, which afterwards 
becomes green, and finally of a beautiful blue (Housmann, Jdisru. de Phys. 1788; 
March, Chevreul). From the solution, while still yellow, uji^mposed indigo-blue 
may be precipated by water ; the yellow colour changes to biM in a few hours in a 
closed vessel, since sulphophcBnicic acid is formed, which is pfLiually converted into 
sulphindigotic acid. When indigo is more strongly heatM with sulphuric acid, 
sulphurous anhydride is evolved, and a brown oily liquid formed (Dobereiner). 
Liquid sulphurous anhydride does not act upon indigo (Bussy). Phoc^one 
anhydride and hydrated phosphoric acid are without action upon indigo ; also concen- 
trate hydrochloric acid, f D o b e r e i n e r.) 

12. Indigo-blue is but slightly attacked by prolonged boiling with dilute potash; 
when the Imiling point has reach<^ 100®, the indigo is completely decomposed, whilst 
no gas is given off, and only traces of ammonia and phenylamine are evolv^ with 
the aqueous vapour (Fritzsche). According to Gerhardt (Rev. scient x. 871X 
indigo-white and isatate of potassium are fbnn^ in this reaction : 

8C»H»NO + KHO + H»0 « ^ C^H-KNO* 

lodifo-blue* Indifo-whlte. iMtate of 
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A<!C(»duig to Fritflsche, a yellowish-red solution is first fomied, on which a dark 
colowed substance fioata, and from which yellow cryst^ of chiysanilate potassium 
are separated hj contintted boiling ; on cooUng, if solidifies into a crystalline mass, 
consistiiw principally of c^sanilate of potassium. The crystalline mass, when water 
is poured over &, immediately yields indigo-blue (in the same state as from the 
incU^rat) ; the filtered solution also continues to deposit indigo-blue when exposed to 
the air. According to Gerhardt, FriUsscho’s chiysanilic acid is nothing but a mixture of 
isatin, indigo-white, and perhaps also other products resulting from the further 
action of the potash. The indigo-blue is formed by oxidation of the indigo-white. 

Indigo-blue fused with hydrate of potassium yields first isatic acid, as above, then 
pbenylcarbamic acid resulting from the decomposition of the latter. (Gerhardt.) 

+ IPO = C’H^O* + CO* + H*, 

Isatic acid. Phenyl-car- 

baroic acid. 

and by further decomposition, salicylic acid (C ah ours) and phenylamine 
(Fritasche): 

^ C’H’NO* + H*0 - C»H*0» + NH* 

Phenyl-car> Salicylic 

bamic acid. acid. 

C’H'NO* = C*H’N + CO* 

Phenyl-car- Phenyl- 

bamic acid. amine. 

13. Indigo-blue placed in contact with water, an alkali, and a deoxidising substance, 
becomes at first coloured green, and is then converted into indigo-white, which forms 
a yellow solution with alkalis. In this reaction, water is decomposed, the hydrogen 
being used in the formation of mdigo-white, e. g. with stannous oxide : 

2C*H‘NO + SnO + n*0 = C‘*H'*N*0* + SnO* 

Indigo-biue. Indigo-white. 

The following substances react in a similar manner: phosphorus, phosphorous acid, sul- 
phurous acid, sulphydric acid, potassium-amalgam, sulphide of potassium, sulphide of 
sodium, sulphide of arsenic, sulphide of antimony, zinc, tin, iron, ferrous, stannous, 
and manganous oxides, grape-sugaf, and substances undei^ing fermentation or putre- 
fiiction, as sugar, gluten, urine, woad, madder. Warm putrid urine dissolves indigo-blue, 
tlie ammonia-compound of indigo-white being formed. According to Lowenthal, on 
the contrary (J. pr. Chem. Ixx. 463), this reduction of blue to indigo-white is^ not 
{imduecd by salts of sulphurous or phosphorous acid, by sulphide of potassium, 
stilphide of calcium, manganous salts, or arsenite of stslium ; but indigo-blue dissolved in 
sulphuric acid is reduced to indigo-white, when mixed with excess of acid carlxmate^ of 
potassium or sodium, and then treated with sulphydric acid. Lowenthal is of opinion 
that indigo-white is not indigo-blue p/ws hydrogen, but indigo-blue mmus oxygen. 


«s|iect when rubbed with a hard polished Ijody ; and is free from flaws or cavities 
traversed by brown or whitish veins. The best sorts are light enough to float on water. 

External characters, however, give but very uncertain indications of the amount of 
rf*al colouring matter contained in a sample of indigp; hence it becomes necessary to 
icHort to chemical methods of estimating the amount of pure indigo-blue. Good 
sorts of indi^ contain about 60 per cent., but the proportion is often much reduced by 
fraudulent admixture of foreign substances, such as sand, vegetable mould, powdered 
lead, starch, &c. Some foreigpi matters are also unavoidably introduced in the process 
of manufacture. 

The indigo is first dried over the water-bath to estimate the hygroscopic wat^; 
yhich, in samples not fraudulently moistened, varies from 8'6 to 6 percent. The dried 
indigo is then calcined in a platinum crucible to detennine the amount of ash. Good 
indigo generally yields from 7 to 10 per cent. The presence of sand, lead-powder, dec., 
may then easily to detected by washing the ash udtn water. 

The presence of starch, sometimes coloured with iodine, is indicated by the pale 
<«Iour, greater density, and friability which it imparts to the lumps of indigo. It may 
he further detected by treating the indigo with slightly alkaline water, neutralising the 


'^Aioising agents. , , * 

1. WithchUrins toafrr.— A weighed Quantity of the finely pnlvcrised indigo is added 
hy small portions to a measured quantity of a saturated aqueous solution of chlonne, hi 
long as it dissolves with yellow emour, and the quantity thus dissolved is ascertidned l^ 
weighing the residue. A similar trial is then made with perfectly pore iadigo-blti^ 
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And a comparison of^e t#o rcsulta gives the proportion of colouring matter in the 
sample of commerce indigo urfderd?xamination. As the strength of the chlorine-vater 
alters v^ quickly, it cannot be titSated long beforehand. (B erzelins.) 

2. With ckhfide o/Zim— The indigo is first dissolved by digestion for five or six 
hours at 60* or 60® with fuming sulphuric acid ; the solution is thoroughly mixed with 
distilled water, and poured into a graduated burette, and from this vessel it is added 
drop by drop to a measured quantity of aqueous chloride of lime, the blue colour 
just becomes permanent. A similar experiment being then made with an equal weight 
of pure indigo blue, the colouring power of the two samples is in the inverse ratio of 
the quantities of the blue solution consumed in the two experiments. (S c hi u m b e rge r. 
Bull. Soc. industr. de Mulhouse, vol. xv.) 

3. With hydrochloric acid and chlorate of potassium. — 1 grm. of finely pulverised 
indigo is digested for some hours with 10 grms. of fuming sulphuric acid, agitating from 
time to time to assist the solution. The liouid is then poiu’ed into a basin containing 
a kilogramme of water, 60 grms. of strong hydrochloric acid are added, and the liquid 
is, heated to the boiling point. On the other hand, 0*26 grm. of chlorate of potassium 
is dissolved in 100 grms. of water; and tfie solution is poured into a graduated burette, 
and added ^p by drop to the boiling indigo solution till the blue colour changes to 
red-brown. The richness of the sample of indigo is directly proportional to the 
quantity of chlorate consumed. (Bolley, Ann. Ch. Pharm. Ixxv. 242.) 

4. W ith sulphuric acid and acid chromate of potassium. The mode of proceeding 
is the same as that just described ; 10 grms. of pure indigo blue prepared by Fritzsche’s 
method require for decoloration exactly 7^ pts. of the acid chromate. (Penny, Chem. 
Soc. J. V. 297.) 

All these methods are liable to the objection that it is difficult to institute an exact 
comparison between the different shades of colour resulting from the oxidation of the 
indigo in different cases, the pure green tint thus produced in solutions of pure indigo- 
blue giving place to a dirty olive or brownish-green when crude indigo is used, in con- 
sequence <5 the impurities contained in it. Moreover, in dissolving indigo "in strong 
sulphuric acid, it is scarcely possible to avoid the formation of sulphurous acid, the 
presence of which will of course raise the apparent percentage of indigo-blue in the 
sample. By employing those methods indeed, it is common to find, in a good sample of 
indigo, more than 80 per cent, of pure indigo-blue, whereas the best qualities seldom 
contain above 60 per cent., and average qualities not more than 40 to 50 per cent. 

The following methods, which depend upon the reduction instead of the oxidation of 
the indigo, give more exact results. 

6. With Protosulphate of Iron. — A weighed quantity of tlie finely pulverised indigo is 
well mixed with an equal weight of pure lime previously slaked with water. The mixture 
is poured into a stoppered bottle oi known capacity, and the mortar is well rinsed with 
water, which is added to the rest. The bottle is now heated in a water-bath for several 
hours, and a quantity of finely-powdered sulphate of iron is added ; the bottle is then 
filled up with water; the stopper is inserted; and, after the contents have been well 
shaken, the whole is left, at rest for several hours, till the indigo is reduced and the 
sediment has sunk to the bottom. A portion of the clear liquor is then drawn off with 
a siphon, and the quantity of liquid having been accurately measured, it is mixed with 
an excess of hydrochloric acid, and the precipitate, after having been oxidised (by ex- 
posure to the air), is collected on a weighed filter, and washed with water. Lastly, 
the filter with the indigo-blue is dried at the heat of the water-bath, and weighed, and 
the weight of the filter having been subtracted from that of the whole, the weight 
of the indigo-blue is ascertained. Suppose, for example, that jhe whole quantity of 
liquid was 200 measures, and that 60 measures have been dra|pra off, yielding 10 grains 
of indigo-blue ; then the total quantity of indigo-blue in the Ample is 40 grains. For 
60 grains of indigo it is necessary to take from I lb. to 2 Ibj^f water. This meth^ 
though rather tedious, gives better results than any of the ,^ceding. The quantity 
of indi^-blue indicated by it is usually somewhat less than the actual quantity con- 
tained in the sample. 

6. * With stannous chloride . — ^The tin-solution is titrated with a solution of pure 
tndigo-blue, prepared by dissolvi^ the substance dried at 210®-230® C. (410*-446°F.) 
in 16 pts. of strong sulphuric acid, with addition of pounded glass to divide the indigo 
and facilitate the solution. The indigo-solution thus obtained is diluted with wat^, 
till a litre of it contains exactly 1 grm. of indigo-blue. The indigo to be examined is 
then dissolved in a similar manner, and the titrated tin-solution is added to it from a 
burette till the blue colour changes through preen to light-yellow. Iron, if present in 
the indigo, must first be remov^ by digestion in hyifrochloric acid, with addition of 
poundeaplass. (E. Mulder, Scheik. Onders. iii. [IJ 37 ; Jahresber. 1860, p. 613.) 

7. With einc . — A solution of indiao in sulphuric acid is dilute with water and 
l^drochloric acid, and decolorised by mne in an atmosphere of carbonic anhydride. A 
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vensared foime of this solutioii is then introduced intom mdwKted tnbe filled with 
air or oxygm^ffus, and the volume of oxygen absoi^^ read o^iT^er a few honw, A 
similar experiment is then made with pure indigoiime, and the value of the pommer- 
eial sample is detennined by comparison of the reSmts, 

SVOIMtBMWV. (Chevreul, Ann. Chim. Ixvi. 6; Berieliu^ Ie*r&. iU* 
585; Gm, xiii 4 A )~ A brown subs^ce of uncertain composition, existing together 
with indigo-blue, indiTO-gluten, and indigo-red, in all kinds of commercial indigo. To 


portion of indi^blue, forming a dark-brown, almost black solution, from which, after 
filtration, the indigo-brown may be precipitated by an acid The precipitate contains 
a considerable (quantity of indigo-blue, from which it may be freoa for the most part 
by dissolvin|( it in carbonate of ammonium, evaporating tho filtrate to dryness, dissolving 
the residue in water, filtering firom the undissolved portion, consisting chiefly of indigo- 


blue, and precipitating the filtrate with sulphuric acid 
Indigo-brown thus prepared forms a dark brown transparent resin, almost tastele^ 
and quite neutraL By dry distillation, it viclds ammonia and an empyreumatic oil. 
It is decomposed by nitric acid and by chlorine. It unites both with acids and with 
btises. With the alkalis^ it forms dark brown compounds, easily soluble in water. The 
iMiryta-compound is sparingly soluble, and the limc-compound insoluble. By boiling 
the alkaline compounds with lime in excess, the indigo-brown may be separated and 


rendered insoluole. This is perhaps one of the uses of lime in the indigo-vat 

(pp. 261 , 262 ). 

Indigo-brown bears a considerable resemblance to Schunck’s indihumin (p. 264), 
one of the products of the decomposition of indican. 

lirXIZOO«-01tVTBSr. This substance is extracted from cnidc indigo by treating 
it with dilute sulphuric, hydrochloric, or acetic acid, then with boiling water, and 
remains on evaporating the solution as a yellow, transparent ext met, soluble in spirits 
of wine, easily soluble in water, less soluble in acid liquids. Its taste is like that of 
the extract of meat. It yiekls by dry distillation miicli ammonia and a feetid oil, and 
Is haves in most respects like ortiinary vegetable gluten. 

ZJfBZOO-OBBBSr. Berzelius obtained a green substance by adding potash in 
small portions to an alcoholic solution of an alkaline hyposulphindigotute, till it 
became gi^n, washing the precipitate with a little alcohol, decomposing it with oxalic 


acid, freeing the filtrate from oxalic acid by trituration with a little carbonate of 
calcium, then filtering and evaporating to dryness. The green solid residue thus 
obtained dissolved easily in water, forming a green solution, which, when mixed with 
lime-water, became yellow on exposure. It formed a green precipitate with acetate of 
lead, none with mercuric chloride or tincture of galls. (Berzelius.) 

Chevreul also obtained a green substance from indigo, but it appears to have been 
merely indigo-brown mixed with a little indigo-blue. 


nrBZCM»*VUmVU« See SuLPHOPMaNicic acid (p. 260).— The preparation of a 
purple-blue ” from indigo for dyeing js described by L. and E. Boil ley (Dingl. poL 
J. clix. 318), and has been patented m this country by Johnson (Ilep. pat. Invent. 


Dec. 1860). It probably consists of sulphindigotate of sulphophocnicate of iK^ium. 
To prepare it, finely pulverised indigo is added to twenty times its weight of acid sul- 
phate of sodium in the state of fusion, and the mixture is heated and stin^ till n 
Mmple colours water violet. The paste thus produced is then intimately mixed with 
70 to 80 times its weight of water ; and the colouring matter is precipitate by common 
*»»lt (2 lbs. to I lb. of the paste) and washed with water wntaining that salt. After 
drying, it forms a mass of interlaced silky crystals having a coppery lustre. (Fcmp 
further details, and specimens of fabrics dyed with this preparation, sea B4p. Cfaim. 
«pp. I860, p. 216.) 

inzCM^mSD. A rad substance occurring, together with indigo-gluten and 
indigo-brown, in commercial indigo. It was first noticed by Chevreul, m^rwards mofo 
fully examined Benelius. 

The indigo-gluten and indigo-brawn having been removed in the manner alraady 
described, the residue is exhausted with boiung alcohol of specific gravity 0*85, A 
dark-red solution is then obtained which, when filtered aUd distilled, depoaits indi^ 
as an amorpbons bUddsh-brawn powder quite insoluble in water aim in alkaline 
liquids. By distillation in a vacuum, it yields a white dystalline sublimate (the so- 
railed ookrarless indigo-rad, as well as nnchsu^ indigo-red. Strang irolpburic neid 
^jraolves it, fimning a dart-yellow solution, whidh deposits nothing on addition of wnter. 
The dilute solution is decolorised by wool, whidi at the same time acquirea a dirty 
^5|j^^*‘-brawn or rad oolow. 
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Wbsn thd l^lp^ g£ Pdl^^fotium tinctortuin are exhausted wtt& aiid p^ 
ether ia^ — •• - j ^ - 

aofutibn to d*j^ 

brown residue, agani‘^»»_jw*t»«*.g — j —~ — , — ^ -— - v*'*** wu 

Water, which extracts a little yellow colouring matter, a hard bnttm friable resinous 
. Wstance separates of a fine, red colour, and probably agreeing essentially with the red 
crude indigo. It is insoluble in watetf slightly soluble in potash^ (t^timonia^ 
Hktio acid, efi^y in alcohol and ether. The alcoholic solution turns red on 
ition of haryta-water, lime-water, basic acetate of lead, or nitrate of silver, and dark 
’with stannous chloride. With solution of alum it forms a beautiful red lake, not 
Plj^Hbed upon by alkaline carbonates. 

' indigo obtained from the flowers of TanJeervillia cantonensis contains a red 

sui^f^nce, soluble in alcohol, but insoluble in water and in ether. 

%r further details respecting these indigo-reds, which are probably identical in the 
main with Schunck's indirubin (p. 268). Scie Gnielin's Handbook, xiii. 45. 

nrBZOO-SVXPBiniZC ACZBS. When indigo-blue is macerated in fuming 
sulphuric acid, heat is evolved, and a deep-blue solution is formed, called sulphate of 
indigo, Saxony or composition-blue, con\-A\mr\g sulphindigotic acid, C*H*NO.SO*. 
The liquid has a deep-blue colour, and may be diluted with water without becoming 
turbid ; if, however, the sulphuric acid is rot in excess, there generally remains a 
purple powder, consisting of sulphophccnicicacid, 2C*H*NO.SO^ insoluble in 
dilute acids, but soluble, with blue colour, in pure water. According to Berzelius, 
there is also formed a third acid, called hyposulphindigoticacid, which has not 
been analysed. The indigo-blue cannot be recovered from these acids by any known 
methods. Their solution loses its colour after a while, and is instantly turned yellow 
by a small quantity of nitric acid: this reaction is used in qualitative analysis for the 
detection of nitric acid. t 

Byposulpliindlgotio aetd. Hyposulphocatrulic acid. To isolate this acid, 
the alcoholic solution of its ammonium-salt, obtained in the manner presently to 
be described (see Sulphindigotic acid), is mixed with an alcoholic solution of jvee- 
tate of lead; the whole is completely precipitated by addition of a little ammonia, 
and the precipitate is suspended in water and decomposed by sulphydric acid. A 
yellow liquid is then obtained, which, on exposure to the air, becomes blue, and is con- 
verted into hyposulphindigotic acid. By evaporating this solution, the acid is obtained 
as an amorphous mass, which becomes moist in contact with the air, dissolves readily in 
water, and reacts like sulphindigotic acid with sulphydric acid, zinc, iron, and charcoal. 

The hypos ulphindigotates resemble the sulphindigotates in many respects, but 
are distinguished by their solubility in alcohol of 84 per cent. When gently heated, 
they give off sulphurous anhydride without changing colour ; at a higher temperature, 
they turn green and yield a sublimate of sulphite of ammonium. 

The hmmonium-, potassium- and sodium-salts are obtained by steeping wool dyed 
with sulphate of indigo in solutions of the corresponding alkaline carbonates, evapo- 
rating the resulting solutions to dryness, and exhausting the residues with alcohol, 
which takes up only the hyposulphindigotates. 

The eduminium-salt resembles the corresponding salt of sulphindigotic acid. 

The barium-salt is obtained by precipitating the potassium-salt with carbonate of 
bariuih, in dark-blue flocks, very soluble in pure water; the solution, when evaporated, 
deposits films having a coppery lustre. 

The caloium- and magnesium-salts are very soluble in water and in alcohol. 

The lead-salt is obtained by precipitating an alcoholic solution of the ammonium- 
salt with alcoholic acetate of lead. It is a blue powder, '^^h dissolves slowly but 
completely in water : it is sparingly soluble in alcohol, and l&Mn astringent taste. 

■nlptaliidlgotte A6ld» C”H^NO.SO^ Sulphate of iSS^o, Soluble blue indigo, 
Sutphindylic acid, Sulphoceerulic acid . — Indigo may be dissolved in strong (mono- 

S orated) sulphuric acid (SH*0^), as well as in the Aiming acid (which contains sul- 
uric nnhydnde in solution), but it requires 15 pts. of the former, and only 6 pts. 
Of the latter; moreover, the solution in common siphuric acid requires the aidof hea^ 
which gives rise to the formation of sulphurous acid ; it mav, however, be facilitated 
by triturating the indigo with pounded glass so as to divide the particlee. 

The acid solution is diluted with from 30 to 60 times its bulk of water; the liquid 
is filtered from the precipitated sulphophoenicic acid; the filtrate is digested at a gentle 
heat with wool or woollen stuff (previously prepared by washing, first with soap and 
then with water containing I per cent, carbonate of sodium, and finally with purs 
waterX until no more colouring matter is taken up, the excess of sulphuric acid 
maining in solution. The wool, dyed blue by sulphindigotic and fayposulphindigot^ 
iittdS) w washed with water tUi the latter no longer becomes and digsated 



msm 




vUli m/bet CAOtamiiW a little carbonate of ammonium ; the U povrodVeff 

from the decoloneed wool, and evaporated to dprne«S at «0<> ^ tgi?the reaidu# is 
exhausted with alcohol of 83 per cent., which dhteolvea the hypdiralphindigotate of 
ammonium, and leaves the sulphindigotate. The latter is diasilved in water, and pr^ 
dpitated by acetate of lead; the dark-blue precipitate is washed with water, thm 
suspended in water, and decomposed by sulphydric acid;‘ and the yellow or cot^BAl^ 
solution, which turns blue on exposure to the air, is evaporated to drynesi-i^^^ft 
(Berzelius). According to Joss, sulphindigotate of ammonium is not 
separated from the hyposulphindigotate by alcohol ; it is better, therefore, to dij^fe 
the indigo-solution with wool only so long as it forms a precipitate with aceU^i^ 



odour and an acid taste ; it has a weak but decided acid reaction (Joss). It W^es 
moist in the air, and is very soluble in water and in aicohoL It is separiited iti 
aqueous solution by wood-charcoal, and with greater facility by blood-charcoal, 
but may be extracted from the charcoal by alkaline carbonates. 

Wool is dyed by the aqueous acid, but not by its salts, unless an acid is added, a com- 
paratively weak acid, such as acetic acid, being sufficient for the purpose. Boiling water 
and alcohol deprive the wool of only a portion of its colour, but alkalis remove it entirely 
(Berzelius). Sulphindigotic acid is completely decolorised by woollen stuffs; silk 
fabrics do not deprive it of all its colour ; linen and cotton take up very littlis. Silk 
dyed with it is deprived of its colour by soap, but not by water. (Bergmann.) 

Decompositions. — 1. Sulphindigotic acid yields by dry distillation sulphurous an- 
hydride, sulphite of ammonium, much water, and a little empyreuniatic oil. No 
vapours of indigo-blue are evolved, but the sublimed sulphite of ammonia dissolves in 
water with a blue colour, having carried over a little of the iindecomjK>8<Ml acid. The 
carl)onacwus residue burns with difficulty, but completely. The sulpliindigotatea also 
do not yield any sublimate of indigo by dry distillation (Berzelius). —2. Sulphindi- 
gotic acid is decomposed by exposure to sunlight. — 3. Chlorine produces a quantity of 
bntwn resin in the solution of the acid, and only a little chlorisatin and dichlorisatin 
(Erdmann, J.pr. Chem. 19,3.35). — The bine colour of the acid is cliangi»d to green by 
chloride of lime (Sc hlumbergor), .and to red<lish-brown by chlorate of potassium and 
hydrochloric acid (Bollcy). — 4. Sulphindigotic aeid is decomposed by nitric acid. 
When the barium-salt is decomposed by boiling with concentrated nitric acid and the 
solution diluted and filtered, it is not precipitated by chloride of barium (Berzelius). — 
5. The solution of sulphindigotic acid, heated with chromate of potassium^ becomes 
cx'hre-ycllow (Penny) ; mixed with permanganate of jxdassium. it becomes first green 
and then brownish-yellow (Elbers, Mohr); when heated with /crric so/fs, it is deco- 
lori.He<l as by nitric acid (Wohler, Ann. Ch. Phorm., xxxiv. 236). Those reactions 
are used for the ^*aluation of commercial indigo (p. 266).— 6 . Deoxidisina substances 
reduce sulphindigotic acid to a compound derivable from indigo-white, and chaii]^ the 
e<»lour of the solution to yellow. /Anc or iron filings dissolve in the solution without 
disengagement of hydrogen, yielding a blue liquid, which, however, is decolorised by 
excess of acid: the solution quickly recovers its blue colour on exposure to the aff. 
^tdpkgdric add does not decolorise the solution at ordinary temperatures ; but bn 
heating the liquid to 50®, it deposits sulphur and becomes colourless. The doeoloim- 


the air. The solution of sulphindigotic acid is likewise decomposed by stannous 
chloride, (For further details on these reductions, see Gmelin's Handbook^ xiii. 60.) 

Sulphindigotates. C*(H*M)NO.SO*. — These salts are formed by direct com- 
bination or by double decomposition. They cannot be obtained c^stallised ; they are 
dark blue, with a peculiar coppeiy lustre, and taste feebly saline and decidedly of 
indij^. The alkaline sulphindigotates are slightly soluble in cold water, and roora 
JJfadily in hot water; the solution is blue by reflected, and red by transmitt^ light.— 
The solphindi^tates are more readily decolorised than the free acid, hy all substances 
►hich r^uce indigo-blne, especially in the presence of free alkalis, frotosulphnte of 
iron does not reduce a neutral sulphindigotate, even on warming ; not even when as 
much alkali is added ss is necessaiy to precipitate the protoxide of iron ; bat the 
slightest excess of alkali produces imme^ate decoloration, and on the addition of 

cnntirrk > .c h ui j 


enough acid to neutralise the alkali, the blue colour is restor^. Sulphide of poUssi^ 
calcium decolorises the solutions of the sulphindigotates, part of the sulpaide beinc 
^nverted into sulphate. The reduced solution appears yellow when neutral, and 
1 vdien alkaline. The oentral solntion leaves, when evaporated in vacuo, a 

aark dry residue, which appears daA yellow when pulverised, and becomes Uue OH 
^posure to the air for sevend daya l%e solution turns bine on exposnze to the aib 


F^c distantly turn the solution blue, Anf w conrcrted into 

salts of the loSSr oxides. The solution reduced by stannous chhnds deposits, on ex- 
posure to the air, a white powder, which is a mixture of stannic oxide and a product 
of decomposition which becomes green on wcposure to the air. xm. ^ 

Sulphindigotates, when heated, give off water without meltmg. When strongly 
Jl they decompose, evolving f^ee ammonia, carbonate of ammomim, cyanide of 
' i^ium, atrace of volatile oil, and afterwards of carbonic anhydride, whilst a residue 
^tallic sulphide is left 

0tihhindiaotate of Ammonium is prepared by the process described on page 268 
-i^S^raelius) ; or by precipitating sulphindigotic acid, which should not be too dilute, 

■ with ammonia or a salt of ammonia (Crum). It reacts similarly to the potassium- 
salt It melts when heated and swells up, but is not decomposed, even by a pretty 
strong heat, and although it assumes a charred appearance, still dissolves completely 
in water, forming a blue solution. When more strongly heated, it yields a sublimate 
of sulphite of ammonium (Berzelius.) It dissolves in from 40 to 60 parts of cold 
water, and in a much smaller quantity of hot water (Crum), and is precipitated from 
the solution by the alkaline sulphates and some other salts, but much less completely 
than the potassium-salt. It is not soluble in alcohol. (Crum, Berzelius.) 

Sulphindigotate of Almiinium is readily soluble in water, and dries up like the 
other sulphindigotates on the evaporation of the solution.^ Sulphindigotate of potas- 
sium, mixed with a salt of aluminium and a little ammonia, throws down a dark blue 
pulverulent basic salt, becoming blackish-blue when dried. It gives up all its acid to 
an excess of alkali. (Berzelius.) 

Sulphindigotate of Barium is precipitated in dark blue flakes, on mixing the potas- 
sium salt with chloride of barium (Crum, Berzelius). It dissolves slightly in 
cold water with a bluish colour ; more abundantly in hot water, imparting to it a 
dark colour. Owing to the great affinity of baryta for sulnhindigotic acid, this 
salt is formed when hyposulphindigotate of potassium is mixed, first with sulphuric 
acii and then with chloride of barium ; an excess of sulphate of barium is, however, 
necessary to the reaction, and hence the precipitate has a paler colour. Sulphate of 
barium already precipitated likewise forms with hyposulphindigotate of potassium, a 
small quantity of sulphindigotate, and becomes pale blue. 

Sulphindigotate of Calcium is soluble in water, but insoluble in alcohol, which 
precipitates it in blue flocks. 

Sulphindigotate of Lead is precipitated in dark blue flocks, slightly soluble in water 
on mixing neutral acetate of lead with sulphindigotate of potassium. Basic acetate 
of lead forms a light blue precipitate, which becomes darker when dry. 

Sulphindigotate of Magnesium is very soluble in water, and is not precipitated by 
an excess of sulphate of magnesium. 

Sulphindigotate of Potassium, C*H<KNO.SO*. This salt is obtained: 1. By steep- 
ing wool dyed blue with sulphate of indigo, in a solution of carbonate of potassium, 
evaporating the solution, and treating the residue with alcohol, which extracts hypo- 
splphindigotate of potassium. The residue is then treated with acetic aeid and alcohol 
to remove the excess of carbonate (Berzelius). — 2. Indigo-blue is treated with 
excess of sulphuric acid ; and after the sulphophcenicic acid has been removed by 
filtration, the blue liquid is saturated with acetate of potassium ; the resulting blue 
precipitate is thrown on a filter, and washed with acetate of potassium till the liquid 
which runs through begins to turn blue ; the salt is then washed with alcohol to re- 
move the acetate. (Dumas.) * 

Sulphindigotate of potassium in the dry state, forms a omper-coloured mass, yield- 
ing a blue powder; blue also by transmitted light. It rafimy absorbs moisture from 
the air. wP, , . 

When heated it does not melt or evolve any purple vapours ; it is difficult to incine- 
rate. According to Berzelius, it forms sulphopurpurate of potassium when heated with 
lime-water out of contact with the air ; in presence of air, it forms salts of sulphoflavic; 
sulphofulvie, and sulphorufic acids. 

^Iphindigotate of potassium dissolves in 140 parts of cold water, and in a much 
smaller quantity of boiling water, a portion Separating out on cooling. The solution 
is of a dark blue colour, transparent only when viewed in thin layers ; when held up 
before the light of the sun or of a candle, it impears scarlet. 1 part of the salt imparlj 
k blue colour to 600,000 parts of water. Water conUining 1 per wnt. of acetate^ 
potassium docs not dissolve the salt in the cold ; on heating, a portion dissohr^ 
separates out in blackish flakes on cooUns. It is readily dissolved by sulphuric aM 
but is not soluble in concentrated hyditxmloric acid (Crum) ; or in alcohol of •paciiic 
gravity 0*80. (Berzelius.) ^ 

If an aqueous solution of sulphindigotate of potassium is mixed with a bannra- 







acids:; 


and oadbonate or phosplmte of floditua added, carbQ|||te andrpbospbata of 
barium and carbonate of calcium are m ^pitated of a light Uue edotv^ and phoaphate 
of calcium of a deep blue colour, when the se^On « sulphindigotate of potaaaium 
is mixed with acetate of lead and a solution of^tumio acid, the precipitate of tannate 
of lead carries down all the colouring matter with it 


Sulphindigotate of potassium occurs in commerce as paste or dry powder, known 
irecipitated indigo, indigo-carmine, soluble indigo, or solid blue.^4^ 


IS U8^ for dyeing linen of an aaure-blue colour, and for producing very pure i 

colours on wool. V 

SulphindigotaU of Sodium, also called indigo-carmine, resembles the potai^ 
gait, and is used for similar porposes, but is more soluble in saline solutions, v 


Bnlplioplioenlolo ncld,2C"H‘NO.SO» Indigo-purple, Pkwnicin, Suipkopurpurie 
This acid is formed when sulphuric acid is allowed to act upon indigo fdir a short 


time, or not in excess. To prepare it 1 pt of indigo-bluo is mixt d with from 8 to 10 pts. 
of strong sulphuric acid, and kept for three days at a tempemture of 50® or 60® ; the 
iathon diluted with water, and the precipitate of sulphophcunicic acid is filtered, 


solutionisthen diluted with water, and the precipitate of sulphophcunicic acid is filtered, 
washed with dilute hydrochloric acid, and dried in an oil-bath at 80®— 1 00® (D u ra a s). 
Or powdered indigo is purified by boiling with dilute sulphuric acid, and then shaken 
up wth from 7 to 8 pts. of strong sulphuric acid till the mixture becomes olive-green. 
Tlie whole is then diluted with a very large quantity of water, and the precipitate of 
Bulphophccnicic acid is collected on a filter and washed with water, which becomes more 
deeply blue in proportion as the sulphuric acid is removed. The last filtrates are 
evar)oratcd to drj’ness. (Crum.) ^ • 

As tlie extraction of the sulphophoenicic acid on the filter according to (p is a very 
slow process, and when the greater part of the indigo-blue is converted into sulpho- 
phcenicic acid by the prolonged action of the sulphuric acid, water will no longer pass 
through the filter, the following method may be employed, which yields a more abun- 
dant, though less pure product. 1 pt. of powdered indigo is shaken in a flask with 10 
pts. of strong sulphuric acid, till the blue colour which the indigo had at first lost li 
completely restored. For this purpose, from ten to twelve hours are requisite at 7®, 
tlireo hours in the heat of the sun, 20 minutes at 38®, and a few moments at 100®. A 
large quantity of water is ad(le<l ; the solution is filtered ; and the pn'cipitato is taken 
from the filter and washe^l by decantation with water containing sufficient chloride of 
ammonium to prevent it from dissolving the sulphophamicic acid. ^ The solution of 
chloride of ammonium is allowe<l to run from the filter, and the precipitate is removed 
and suspended in a largo quantity of water. After three days, the solution is poured 
off, and the water is renewed as long as sulphophoenicic acid continues to dissolve. The 
sulphophoenicic acid is then precipitated from the decanted solutions by chloride of 
ix)lassium, and the precipitate is washed on a filter with water as long as the water 
continues to pass through. Sulphophoenicic acid thus prepared (^iitains a little 
sium-salt and a large quantity of earthy matter; after drying, it is no longer soluble ill 


water. (Crum.) ... i u 

Hdffely triturates 1 pt. of finely powdered indigo with 20 pts. of common sulphuno 
acid ; allows the whole to stand for some time, till a drop of the solution, which is at fil^ 
blue, colours water or paper violet ; and then mixes the solution with a large quality ot 
Water : the action of the sulphuric acid is promoted by heating the whole to 40®. If 
less sulphuric acid is used, it must be more strongly heated ; if only 3 pts. of sulpmuio 
arid are employed for 1 pt. of indigo, the latter is not completely converted into sulph^ 
phoenicic acid. If fuming sulphuric acid is used, it is not easy to discover when tbs 
reaction is ended. 


/Voper/tes.— Sulphophmnicic add forms a blue mass or a purple-rod powder, soluble m 
Water, to which it imparts a blue colour. It dissolves readily, with blue colour, in s^ 
phuric acid, especially in the fuming acid, being at the same time gradually convSrted 
into sulphindigotic acid. With a large quantity of soda-ley, it forms a yellow soltinon 
^hich turns blue if immediately mixed with sulphuric acid of 66® B.; but strongw sul- 
phuric acid added after 24 hours, produces a whitish prodpitate. (Gros-Benaud, 
I>ineL nol. J. 120 2A8A 


-hngL pol. J. 129, 288.) , ^ ... 

The iulpkfyphijtnicates tete predpitated from the aqueous solution of ths acid ly tus 
addition of other suite, "^en dry they are red ; their aoueous solutions ste blue. 
They dissolve rerr imiirin<r1v in water, but more readily in alcohoL The swutioiis are 


They dissolve very sparingly in water, but more readily in alcohoL The swutioiis are 
i^luced to yellow bquids by heating with sulphydric add, by sulphate of inm and 
lime, or by caustic alkalis. The reduced solutions tom blue on exposure to and 

on the addition of other salts, the salt of sulphophoenicic add is precipitated ttie 

. . 


The ammomum-$xlt, when heated, erolrea mlphuroBS Mbydride together wdthiB^ 
phite of ammonium, and a red vapour which yiaios a mblimate like indigo-bivt* Tlllf ’ 
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INDIGO aWHWBIp ACIDS- 


ifl often brij|ht gieen on the lowest edges, like the wing-cases of caothttides, 
and tmns brown when burnished. 

The potaaiium^Mli, C‘'»H»KN»O*.SH*0«(?) is obtained by ad<Hiig aceUte of potas 
shtm to the aqueous solution of the acid. It is then precipitated in purple flocks, which 
inust be washed, flrst with acetate of potassium, then with alcohoL It dissolTes in 100 
pis, of water. 

The 9odium‘$alt is obtained in like manner. 

The solution of sulphophoenicic acid, even when very dilute, is |weeipitated by the 
is|^of TtMignesium^ aluminium, iron, tin, and cojpper. 


^Products obtained by decomposition of the Indigo^sulphimo acids. 


The following products of the decomposition of these acids are described by 
Berzelius {Lehrhmh dcr Chimie, 4th Aufl. vii. 226); but their composition is 
very uncertain, and they require further examination ; — • 

1. Bulphoflavio acid. — This acid is formed by heating sulphoviridate of potassium 
with lime-water in contact with the air. — To prepare it, sulphindigotate of potassium 
is heated with lime-water in an open vessel, until the solution acquires a pure red colour 
(if the action is too prolonged, it becomes yellow ; if the access of air is kept under 

, control, it is easier to hit the right moment). Carbonic anhydride is then passed 
through the liquid; the filtrate evaporated to dryness, and the green, brownish- yellow 
residue extracted with alcohol. The yellow solution is precipitated with acetate of 
lead ; the lemon-yellow precipitate suspended in water and decomposed by sulphydric 
acid ; and the solution filtered from the sulphide of lead is then left to evaporate. It 
forms yellow arborescent masses, having a strong acid taste and reaction. It is soluble 
in water and in alcohol ; the solution forms with acetate of lead a lemon-yeUow preci- 
pitate, insoluble in water. 

2. Bulplioftilvio and Solplioniflo Acids. — These acids are formed simulta- 
neously with sulphoflavic acid. The residue, from which the sulphoflavic acid has 
been extracted by alcohol, is dissolved in water, and the bright-red solution is preci- 
pittvted with basic acetate of lead. The pale-red precipitate is suspended in water, 
and decomposed with sulphydric acid, and the filtrftte is evaporated to dryness. 
Absolute alcohol extracts from the residue, sulphofulvic acid, which, on evapora- 
tion, is deposited as a dark yellow, transparent mass, having the consistence of an 
extract ; it forms a lead-salt, is readily soluble in water and in alcohol. The portion 
insoluble in alcohol is sulphorufic acid. This latter d'ssolves in water with 
a fine red colour, and, on evaporating the water, forms a dark red, opaque, amor- 
phous mass, which tastes acid and strongly reddens litmus. The lead-salt is readily 
soluble in water and in alcohol. 


c 


3. Bulpboparpurio Acid.— This acid is formed by the action of alkalis upon 
snlphoviridic acid. 1 pt, of sulphindigotate of potassium is dissolved in 60 pts. 

1 ime-water and heated in a covered vessel, till the solution, which has gradually 
turned purple rod, does not become green again on cooling. After the whole has been 
allowed to cool in the covered v'essel, the excess of lime is precipitated by carbonic 
acid ; the filtrate is evaporated to dryness ; and the residue treated witn alcohol, 
wh^ extracts a little sulphoflavic acid. The residue is dissolved in water, the 
||(|ppj0*red solution precipitated with acetate of lead, and the precipitate suspended in 
tuwi decomposed by sulphydric acid ; the filtered solution is then evaporated to 


Sulphopurpuric acid forms a brown uncrystallised mass, dissolving in water with 
dark purple-red colour. The potassium- salt dissolves in wafer and imparts to it a 
dark purple-red colour, like that of permanganate of pallium. The precipitate 
producecl by mixing the aqueous solution of the acid withMptate of lead, is slightly 
soluble in water, with a reddish colour ; insoluble in alcoho(P' With excess of oxide of 
lead, a pale red salt is formed, which is insoluble in water. 

4. S^pliovfrldlo Aold. — This is the first product of decomposition in the action 
alkalis upon sulphindigotic acid. 

1. To M alcoholic solution of an alkaline hyposulphindigotate, hydrate of potassium 
is added in ^all portions until it becomes green, and the green precipitate is washed 
on a filter with a little alcohol. The precipitate is decomposed by an aqueous solution 
of oxalic acid, filtered, and the filtrate is freed from excess of oxalic acid by triturating 
it with a little oarlmnate of calcium: it is then filtered and evaporated to dryness. 

* 3. Wh«i a solution of hyposulphindigotate of barium is evaporated to dryness on a 
water-bath, it becomes green ana Yields a precipitate with basic acetate of lead, but 
not with the neutral acetate ; and if Uie greyisn-green precipitate is decomposed 1^ 
sulphydric add and the green filtrate evaporated to aryness, sulphoviridic adil i» 
obtained as a diy, bard, gummy mass, having a strong acid reaction. 




INDIGOTIC ACID- INDIGO- WHITE. 


the solutions Itwpeur UOTK UV auu vmrA. cvm. uj ixwi9ai«KWi 

The i^queous solutioii mixed with lime-water becomes yellow in contact with the air. 
The Uad-wli is somewhat soluble in water, imparting to it a greenish oolou. 
fyMOOyiO ACZB. Syn. with Nitrosalicylio Acm. (See SAuofuo AOXD.) 

XirBSOOTnr. Syn. with Inpiqo-blue. 

Xlfl>lCK>-WKITB« C**H'*N*0*. White Indigo^ reduced or deoxidised Indif^ 
Indi(Joqen((^m, xiii.93 ; Gerh. iii. 510).— A colourless substance, produced bv the abtioa 
ofrSsing agents on indigo-blue (pp. 251, 254), and differing from a double moleeoll 
of the latter^**H*®N*0*) by two atoms of hydrogen. Clievi'eul, who was the first to 
isolate it, supposed that it existed ready formed in indigoferous plants, and WM 
t-onverted into indigo-blue by oxidation ; but Schunck has shown that this view is 
untenable, because indigo-white is soluble only in alkaline liquids, and the juice of 
plants is always acid. Moreover, if the indigo-white existed in ^e juice of these 
plants, it would be converted into indigo-blue by oxidation, on coming to the surface, 

which is not the case. . , . -.i i ^ n • -j ^ 

Prrparafton.— Commercial indigo, purified by Imiling with hydroclilonc acid, next 
with strong potash, and afterwards with alcohol, is mixed with freshly prepared hydrate 
of calcium (2 parts of quick-lime to 1 of indigo) and placed in a closed vt^sel with 150 
parts of boiling water, after which sulphate of iron equal to ono-third the weight of the 
indigo is added, and after the vessel has been closed, the whole is carefully shaken. 
After two days, the solution is decanted by means of a siphon into flasks filled with 
carbonic anhydride, and when the flasks are nearly full, they are completely filled with 
boiling dilute hydrochloric acid, corked up, and placwl in a vessel containing cold 
water. The air is thus prevented from obtaining access to the indigo-white, which 
separates out in white crystalline flakes. After the indigo-white has settled down, the 
solution is drawn off with a wdde siphon, and the deposit is thrown upon a filter, which 
is covered with a bell-jar, into wliich a stream of hydrogen or carbonic anhydride M 
i.asscd. The filter is washed with cold water, which has been well boiled and then 
c<)rked up. Indigo- white is very easy to wash, and if the dejKisit is allowed to stand 
for several days, it becomes so consistent that it may bo w’ashed in the air without 
lK‘coming deeply coloured. After the contents of the filter have been washed, they are 
spread, while still moist, upon a glass plate and dried in a vucuiim. When the indigo- 
whito is dry, carbonic anhydride is allowed to flow into the r(*ceiver of the air-pump, 
in order that the pores of the dry mass may become filled with the (Berzelius 
1) u m a s).— 2. Three pts. of indigo-blue w hich have been purified by boiling, are digested 
for 24 hours with 6 pts. of hydrate of calcium, 4 pts. of sulphate of iron, and 120 pts. 
of water, in a closed flask filled with hydrogen, and the whole is frccjuently shaken till 
tile deposit assumes a greenish-yellow and the solution a reddish-yellow (wlour. xha 
lime is precipitated from the latter with carlxmate of jiotassium, and the clear glutton 
is decanted by means of a siphon filled with hydrogen, into a flask containing » 
mixture of hydrochloric acid and sulphite of ammonium. The thick white precipitate 
which is thus formed is filtered out of contact w'ith the air, woshoil with w^ter CO*** 
taining a little sulphite of ammonium, and dried at 100° in a stream of hydr^gso, 

Properties. — Indigo-white thus prepared forms a coherent greyish-white niaiS 
a faint silky lustre; if absolutely pure, it would prribably be quite 
less, inodorous, and does not change the colour of litmus. It is perfectly insotunte Ul 
water, and in such aicids as do not decomixise it, but dissolves in i^ueouii alMMf ttt 
alcohol, and in ether, forming yellow solutions, which, when exposed to the air, turn 
yellow and deposit indigo-blue. . . 

Decompositions. — 1. When indigo-white is hoattjd in a vacuum, a little wwr M 
evolved, a small quantity of indigo-blue sublimes, and a large carlxm^eous resittue if 
left (Berzelius).— 2. When exposed to the air, and in contact with 
impounds, it takes up oxygen and is converted into indigo-blue. 1? n^hly precipita^ 
uhnlrAn with water containing air, even U a 


, aiiu inou aarx Diue through lur cun.v. — , . 

tulles, since the air contained in its porea is sufficient for its conversion into 
J>y indigo-white exposed to the air «t * increMipg temperatw.j aMe^ 

^mes dark purplaWhen a cupric salt is added to an alkaline solution of iwu^ 
»hi!e, a salt of the alkali, together with indigo-blue and cuprous oxidf, ate ; 

the latter, on the addition of sulphuric acid, is dcoomponed into coprouf wmett 

dissolves, and a residue of metal— 8. Indigo-white precipitated from im 


INDH3O-T1LL0W— INDIN. 

folitlioil by nitrie aeidf i» tarndd blue by a slight ezeess of the Mid, and then mon 
eomidetely decomposed (Berzelius). It dissolves instantly in wiphurie acid^ and 
imparts to it a dark, purple colour, which passes to blue on dilution. Axjcmrding to 
Berzelius, the indigo«wute is ozidis^ and part of the sulphuric acid converted into 
hyposulphuric aci( 

MetaMie 
dlkdtU and 

and sodium, and, according to Liebig, without depriving them ot their alkaline re- 
action. The cold solutions are pure yellow, the warm and highly concentrated solutions 
brownish-yellow. When exposed to the air, they immediately deposit indigo-blue. 

* rms with lime a neutral compound, readily solul ’ 



Indigo-white forms 


duble in water, and a 


ipou 

basic compound which is almost insoluble ; this latter is precipitated when the solution 
of the more neutral body is digested with hydrate of calcium, or when indigo is digested 
with water, sulphate of iron, and excess of lime. The pr^pitate of gypsum and 
hydrated sesquioxide of iron, which is formed at the same time, may be readily sus- 
pended in water and separated by levigation. The basic compound is of a lemon- 
yellow colour, and very sb'ghtly soluble in water, to which it imparts a yellow colour. 
On exposure to the air, it first turns green, and then bright blue. (Berzelius.) 

The alkaline solutions of indigo-white are precipitat,ed by the salts of the earth’ 
meialt and hcaw/ metals, yielding white precipitates, which turn blue in the air more 
quickly than indigo-white itself. The magnesium-compound, being slightly soluble, 
is partly thrown down as a white precipitate, and partly remains dissolved in the 
aqueous solution, to which it imparts a yellow colour ; it turns blue on exposure to 
the air. The aluminium-emnpound is white, but rapidly turns blue on the filter; 
if it be then dried, it forms a dark blue crystalline powder which sparkles in sunshine ; 
indigo-blue may be very readily sublimed firom it, and a grey earthy residue then 
remains. (Berzelius.) 

The manaanous compound is dirty-green, and does not yield any sublimate of indigo- 
blue when dried in the air and heated. The zinc-compound is white, but rapidly turns 
blue on exposure to the air, and then yields a sublimate of indigo-blue when heated. 
The lead-compound is white and slightly crystalline, turns rapidly blue on exposure to 
the air, and if then heated, detonates slightly, and yields reduced lead. The ferrous 
compound is white, but quickly turns blue on exposure to the air ; if it be then healed, 
it does not yield any sublimate of indigo-blue. The cobalt-compound is grass-green, 
and after drying in the air, does not yield any sublimate of indigo-blue when heated. 
Nitrate of silver produces with an aqueous solution of the potassium-compound a pre- 
cipitate which is at first transparent brown, and then becomes black ; it is not acted 
upon by the air, but when heated, produces a gentle explosion and yields a sublimate 
of indigo- blue and a residue of metallic silver. (Berzelius.) 

mXOO-TSXiXiOW. A substance produced by heating hyposulphindigotate of 
calcium with lime-water, in contact with the air. It is a transparent yellow mass, 
with neutral reaction ; swells up when heated, omitting an odour like that of burnt 
animal matter, and is slowly converted into a combustible cinder. It dissolves in 
water and in alcohol, forming yellow solutions. The aqueous solution is precipitated 
ilMii^| 2 |letely by neutral acetate of lead, completely by the basic acetate. 

; A product of the decomposition of indican (p. 248) perhaps iden- 

with indigo-brown. It is obtained but sparingly, and not on all occasions. It is 
k^i^wn powder, containing 62 86 per cent, carbon, 471 hydrogen, 7'19 nitrogen, and 
3&*24 oxygen, agreeing nearly with the formula C**IPNO’. It burns without melting 
when heated, is insoluble in water and in alcohol, but dis^ves in aoueous alkalis, 
ihmung a brown liquid, from which it is precipitated by ac^. It dissolves in boiling 
nitric acid, forming a yellow solution, which, on evaporatifc:' leaves an orange-yellow 
residue. 4 Q 

XraZBr. C'"II'*N*0*, (Laurent, Ann. Ch. Phys. W iii, 471.) — A oompound, 
probably containing the elements of two molecules of indigo-blue, produced by the 
action of potash on isatyde, sulphisatyde, or disulphi^ityae by heating isatan or 
isatyde : — 

C'*H'*N*0» « C**TI'®N^O» -f H*0. 


2C‘*H'*N»0« 

Isatyde. 

2CWH»*N*0* + 8KHO 

lutyite. 


Isatan. 


Indin. 

C**H‘*N*0* -*• 2C*H*NO* 


Indin. 

C'*H»KN*0* 

Indln-potassiuin, 


Isatin. 

2OH»KN0* 

Isat^ite of 
potMSsium. 

2C*H-KNO* 


2H*0. 

-f 3H*0. 

+ HK) + 2EPS. 


2C»*fl*»N*SO* + 8KHO . C’*H*KN*0* + 

Sulehtsatydo. __ 

+ 4KHO - C'*H’KN’0» + + KHS + 8B» 

Ipklsatvtlo. 



mxm. 

It if inoffc Mfib' action of potash on disulphii 

is olaeed in n moTtar, and j^tash poured upon it so that a s 


^de. lids suhatanea 


is placed in a mortar, and j^tash poured upon it so that a stiff mannia is formed, 
vwch is rubbed up for some time, and potash added drop by drop. When after Are 
or six minutes the mass toms rose-coloured, alcohol is gniduamT added, and the whole 
is constantly stirred, until a dark rose-coloured paste is formed, which is diluted with 
alcohol, andf filtered. The residue is washed, first with alcohol, and then with water. 
Since the indin thus obtained contains abundance of sulphisatyde, the water is removed 
from it by washing with alcohol, which is allowed to run through the filter ; the indin is 
then taken from Uie filter and treated with very strong lukewarm potash, wherein it 
immediately forms a black solution, which after a few hours becomes thick with black 
ne^Ies of indin-potassium. (If the potash is too hot, the black colour disappears, and 
the indin is completely destroyed.) It is then diluted with absolute alcohol, and the 
solution removed with a pipette ; the crystals are washed on a small filter with common 
alcohol, then with dilute hydrochloric acid, and finally with water ; th^ pe thus 
cn^ually reduced to red pulverulent indin. In order to obtain indin crystallised, the 
black crystals are dissolved in boiling absolute alcohol, and the boiling rolution if mixed 
with hydrochloric acid ; microscopic crystals then separate out on cooling. 

Indin forms a deep rose-coloured powder or fine microscopic Defies ; insoluble in 
water, very sparingly soluble in alcohol and ether ^ even at the boiling beat. When 
heated, it swells up as soon as it begins to melt, yields a sublimate of needle-sha^ 
crystals, and leaves a considerable quantity of charcoal. It dissolves with red colour 
in sulphuric acid^ and is precipitated unchanged by water. With nitric aetd^ it 3rield8 
nitrindin, and with bromine, dibromindin. ^ 

The analyses of indin, made at different times, do not agree very well together, the 
carbon varying ftom 71*66 to 72 09 per cent., and the hydi^eu ft^>m 3*0 to 4*66 ; the 
nitrogen in one analysis was found to be 11*0 per cent. The formula C H N 0 re- 
quires 73*3 C, 3*8 H, and 10*6 N. The differences arose, according to Laurent, from 
the presence of hydrindin, into which a portion of the indin had been converted by the 
furtlier action of the potash. , . 

InJin-votassiwn, probably C'*H»KN‘0*. This compound is formed in the prepay 
tion of indin as above desenbed, and may be prepared in a state of greater purity by 
warming indin moistened with alcohol, and dissolving it in strong alcoholic potash. 
The black solution, if immediately taken from the fire, deposits black crystals, whi^ 
must be freed from the liquid by decantation, rapidly washed w^h absolute alcolml, 
tiu'n laid upon paper, and dried in a vacuum on a porous tilo.^ The c^stals rapiaiy 
attract n oisturo from the air, and are resolved into potash and indin. The compound 
gives by analysis from 11*5 to 12 0 per cent potassium, whereas the 
requirt's 13‘0 per cent. The analyses agree bettor with the formula C H KNHJ*, 
which is that of the potassium-salt of an acid, related to indin in the same mannev as 
isaUc acid, CH’NO*, to isatin, C»H‘NO*. 

Derivatives of Indin, 

Blbromlndin. C“H%r*N*0* (Erdmann, J. pr. Chem. xxii. 265. Laurent, Am 
Ch. Phys. 131 iii 371.)— Produced:— 1. By the action of bromine on indin (Lau^U 
-2. By heating dibromisatyde (Erdmann).— 3. By the action of bromine upw diaul* 

phisatyde. (L.nrent.) , . mU fa 


M a temperature not exceeaing zzu*', anu . 

eatyde are removed the products by treating them wath boiling alcoh 
Or bromin. fa poured upon afauipbieatyde. whereupon hydrobromic ucid faMUW 
ofeulphurueSrolved, Md tbe eoft brown thu, , 

which eitracU rosiuTud an orange-yellow cryataUine maas, end learea dibromtodlO M 

‘ srii . » «. 

»t IS bUckhsh red. It is slightly soluble in alcohol and in i t^r, oart 

When dibromindin is heated between two P 

elia»; placed on glowing charcoab it yields a snkimato of shining copper^^^ 

which appear riSet ^ tramnnitted light under the 
treated with potaah ; if water ia added and the whole boiM the 
di« 0 lve, anffom.: a yellow solution, (tom which acida 

men it fa boiled with alcohol andaoUdhydrateof potaasiui^ a blactaah red aolu^^M 
f'Tmed. fiom which water or hydrochloric acid preefpitatea nolet-eolonred dihtomiitdifc 

SUhtorLdla. C!‘HK31*. (Erdmann, J. pr. C!h^ xxii. 264.)— Produetd (tom 

chloriiiAtyde by the adaon of h«i4 ^ ???“' rblnrlttfn 

Chbrisatyde is heated to 306®fand the product is freed from ehlnrlaatui 



decMipoMd <Alofi 0 atyde Jbgr boiHng alcohol 0^ w ^tjolved in ^ram 

TOtaplv^ allowed to cool } tfaa motber-lionor la pow^W^m the d^t of chlo- 
fiflfttato of potassinin, and mixed with acetic acid, which Wf^pitates prellow chJorisatic 
add. 4>n aibBequentlj heating the filtrate with hydrocWonc add, it ^umee a deep 
oran^ oolonr, and depodta violet flakes of chloiindin, which are filtered from the hot 

Chte^din fonns a dirty violet powder, insoluble in water, hydro^oric acid, and 
alcohk. It dissolves in potathf forming a yellowish solution, with which hydrochloric 
acid gives a yellow precipitate, soluble with yellow colour in water. 

Vofraolilortiidla. 0*^*0! WO* (Erdmann, /o(7. ce7.)—Produced from chlori- 
satyde by the action of heat below 200®, or by the action of potash. It resembles 
(hlorindim 

Hydiindln. C”H**N^0*? (Laurent, Ann. Ch. Phys. [3] iii. 475.)— A compound 
produced by the action of alcoholic potash upon indin, isatin, isatyde, sulphisatyde, oi 
wulidusatyde. 

F^aration. — 1. Indin moistened with alcohol is warmed with strong potash-ley 
till the solution, which is at first black, has become colourless, and the crystals of hy- 
^ndin-potassium, which separate out on cooling, are conapletely freed from potash by 

2. When isatyde is treated with potash and a little alcohol, a beautiful rosc- 

eoloured solution is formed, which, when mixed with hydrochloric acid, and gently 
evaporated, becomes yellow, and deposits on cooling a mixture of isatin and hydrin- 
din, from which the isatin is extracted by treating with a little boiling alcohol 
*-8. Sulphisatyde dissolves completely in gently heated potash, and on cooling, the 
potassium-compound of hydrindin sometimes separates out in beautiful small, pale- 
yellow crystals; sometimes, however, the solution solidifies into a mass of needles 
havitig a silky lustre. The whole is mixed with a large quantity of water, and the 
crystals are washed on a filter till all the potash is extracted. The filtrate mixed with 
hydrochloric acid still deposits a small quantity of hydrindin, together with a substance 
which is perhaps indin. , , , ,, 

Hydrindin forms a white or pale-yellow powder, insoluble in water, slightly soluble 
in boiling alcohol, and separating from the solution on cooling, in small rhombic or six- 
sided needles. . , , , . 

Hydrindin carefully heated above 300®, turns violet-brown and gives off 2 at. wattr; 
the residue behaves with alcoholic potash like indin.— With boiling nitric acid it forms 
X violet powder similar to nitrindin. 

. Hydrindin contains, according to the mean of Laurent’s analyses, 69‘80 per cent. C, 
4*85 H, and 10*70 N. The formula, C**H**N^O^ deduced therefrom by Laurent, which 
represents hydrindin as composed of 2 at. indiu + H*0, requires only 4*0 per cent. H, 
which is much below the analytical number. Gerhardt suggested the formula 
0"H**N*0^H*0, which requires 70*69 per cent. C, 4*41 H, and 10*29 N, and represents 
hy^ndin as a hydrate of a double molecule of indin + 2 at. H. The formation of 
SSindinby the action of potash on indin, &c. is more favourable to Laurent’s than to 
Cwrlwrdt’s view, provided hydrindin is the solo product of the reaction ; but in reality 
oUief -Igpoducts are formed at the same time, so that the formation of the more highly 
:}&dx<^^iaed compound, hydrindin, may perhaps bo compensated by that of one or more 
wfepemnds containing a larger proportion of oxygen. The organic molecule, 

^S^ted with the elements of sulphuric acid in Schlieper’s hydrindinsulphuric acid 
difiTers indin by the substitution of 2 at. H for 1 at 0 ; but os the mode 
a,^Fu»^i»tion of this molecule is altogether different from that of Laurent’s hydrindin, 
^^SSirittobable that the two have little more in common than ^sTname. 
KW^^^^^ndin^potassium. C»*H»‘KN*0».3H*0 ? When hydri^ is dissolved in warm 
this salt separates out in short, brilliant, pfcfellow prisms or silW 
iTontnining, according to Laurent’s analysis, 60*0 j^^cent. C, 4*3 H, 6*6 K, 
water of crystallisation ; these numbers agree better with lAurent’s formula 
kbOWl given, which requires 60*64 per cent. C, 4*27 H, and 6*18 K, than with th^ 
corresponds to Gerhardt’s formula of hydrindin, viz. C**H**KN^O*.3H*0 which 
; ' t^idrea 62*11 C, 4*37 H and 0*34 K, The salt is decomposed by washing 'with water, 
leaving nothing but hydrindin. 

Stadia. C‘*H*NK)«-C**H»(NO*)*N*0*. (Lauren t, Ann. Ch. Phys. [3] iii. 478.)— 
jE^iranced by boiling indin or hydrindin with nitric acid. Isatyde ana sulphisatyde 
orobably also yield nitrindin when boiled with nitric acid. 

It is a bright violet powder, insoluble in water, very slightly solnWe in alcohol and 

^^tdecomposea rather quickly when heated in clos^ vess^, i^i^ves a residue of 
biito chawoal^which glows even out of conUct witii|i4 afr* gradually deoos*- 
by bbObig nitfie It dissolves in potashimad^ rwep brow^ so’urio®* 
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smtmmmammxc ac ». c«h»nw)*-(C«h»*jto*.so»).sh»o*. (0, and 
A. Schlieper, Ann. Ch. Pharm. cxx. 24.)—An acid produced by the oxidation of 
hydrindinsmphnrie acid (see below). The transformation may be effected by heating 
hydrindinsulphnric acid with a few drops of nitric acid, or bv treating it with an 
alkaline of solution of ferricyanide of potassium or hypochlorite of sodium. The hydrin- 
dinsulphates are also converted into indinsulphates by exposure to the air, especially in 
alkaline solution, or by beating them with nitric or nitromuriatic acid. The motner- 
liquor obtained in the preparation of hydriudinsulphate of barium, treated with hot 

luMOM. oiionfifioa fliA irift inonlnTiQtA 


and is precipitated from the alcoholic solution by ether, in red flocks. The aqueous 
solution dyes silk and wool scarlet. Its colour is altered by alhalis, probably iil^^n* 
sequence of a change analogous to the conversion of isatin into isatic acid. By tulpky^ 
dric acid it is reduced to hydrindin-sulphuric acid : 

C‘«H'*N*S*0» + 2H*S - + S* + H*0. 


Indinsulphuric acid is dibasic, and appears to form soluble salts with most bases. 
The salts when heated yield a crystalline sublimate of a fine red colour. 

The barium-salt, C'®Il*“Ba''N^S-0®.2IP0, is obtained, by drenching the bydrindin'* 
sulphate with dilute ammonia, exposing it to the air, and stirring frequently, us a flnely 
crystalline powder of a fiery carmine-red colour; or, by heating the mother-liquor 
of the hyiindinsulphate with nitric acid, as a light powder consisting of slender 
dark-red, brown needles. It is moderately soluble in pure water, insoluble in aqueous 
fhloride of barium, alcohol, and cold hydrochloric acid and nitric acids. At 100® it 
gives off 6-46 per cent, water (calc. 2 at. ■■6*89), and the dried salt yields by analysis 
33 04 percent carbon, 2*02 hydrogen, and 26*27 to 26*74 baryta, the formula requiring 
33 39 C, 1*74 H, and 26*60 BaO. 

The potassium-salt, C*®H‘®K*N*S*0*.5H*0, is obtained, by oxidising the solution of 
the hydrindinsulphate, by exposure to the air, or by means of forrieyamde of potassium, 
us a bulky carmine-coloured precipitate, perfectly insoluble in liquids containing potash. 

A hot solution of indinsulphuric acid mixed with excess of apotjissium-Balt, the cnlorido 
for example, deposits the mdinsulphate on cooling in interlaced netnllcs of a dark-red - 
colour and almost metallic lustre, and so bulky that they nearly fill the liquid. The 
air-dried salt heated to 100® gave off, on the average, 14*24 and 14*34 per cent, water 
(calc. 5 at. « 14*85), and the remaining anhydrous salt gave by analysis 18*09 and 
18 *21 per cent. K*0, the formula requiring 18*21 per cent. 

The silver-salt, C’^H'^Ag^N^S^O*, is obtained by mixing a solution of the acid with 
excess of nitrate of silver, in small brown bulky needles yielding (at 100®) by aludyill 
29*39 per cent. C, 1*68 H, and 32*76 Ag; calc. 29*36 C, 1*53 H, and 33*02 Ag. 

Bydrlnainxiilptiiirto acid. C“H‘*N»S*0» = (C‘®H''-‘N*O.SO*).SH»0*. (0. and 
A. Schlieper, Ann. Ch. Pharm. cxx. 20.) — This acid, which may be derived;in><n 
indinsulphuric acid by the substitution of 2 at. H for 1 at. 0,* is produced tlW' n 
action of sulphydric acid or sulphide of ammonium on indinsulphuric, or 
phuric acid ; also of zinc and hydrochloric or sulphuric acid on the latter, but not 
the action of hydriodic acid. ^ 

Preparation , — A moderately concentrated solution of isutinsulphuric 
the acid to 5 or 6 pts. water) is slightly supersaturated with ammonia, then mixed 
half its bulk of sulphide of ammonium, and heated to boiling, the liquid then 
brown from dissolved sulphur, and smelling strongly of ammonia. More 


ammonium is then gradually added to the boihng liquid, till it smells permanill 
eulphydne acid ; and the boiling is continued (in a flask, to prevent oxidation) 

^ a trace of ammonia escapes. The neutral pale-red solution filtered from the seperiiiljM 
sulphur consists almost wholly of hydrinciinsulphate of ammonium, which may 
^^nverted into the barium-salt by precipitation with chloride of banum, and from thii 
the acid is obtained by decomposition with sulphuric acid. 

Hydrindinsulphurie acid is obtained, by evaporation of its aqueous solution M, » 
J^looriess mdio-ciystalHne mass, which becomes reddish when exposed to air. 
has a very sour taste, diasolves easily in water, less easily in alcohol, and is inaolubla 
in ethtr, * ^ ** 




. The acid is dih#a^ f H# f glts a«> almost all soluble, and are easily conterUd Into 
'^^^^Iphatea eiq^ierially in alkaline solutiona* 
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The harium-talt, C'‘H'»Bft'N'S*0*.4HK) (air-dried), iealight crystalline powder oon- 
of white shining scales. At 100® it gives off 11«8 per cent water (calc. 11-37 
per eent), and the anhydrous salt yields by analysis 26-96 and 26-87 per cent Ba-0, 
the &>r]P(iub requiring 27*27 per cent. 


Xi 0 i^jNai|Hivlpliiuio ^ Schlieper, Ann. Ch. 


Pharm. 33.) This acid, which differs from the last by the elements of one 

molecule of water, is also produced by the action of sulphide of ammonium on isa- 
tinsulphuric acid. If in the process above described, the liquid, after filtration 
from the sulphur, be immediately mixed with excess of caustic barj^ instead of 
being evaporated, the whole of the ammonia then expelled by boiling the excess 
of barytoremoved by carbonic acid, and the clear yellowish solution strongly 
concentrated by evaporation, it deposits, after standing for a few days, white 
crystalline crusts of leucindin-sulphate of barium, which when recrystallised, forms 
hid colourless, shining crystals containing C*“H'«I3a*S'*0'®, with probably .6 at. water. 

^ .Ml'... ^ ^ ^ " A -1 nnO -...J 1.1.0 ..4. 1 0/vO / 


They gate off 11*66 per cent, water at lOO'^, and 14*3 per cent, at 120® (mean 
12*&7v' bv calculation 6 at. =» 131. The anhydrous salt gave by analysis 

f* ^ TT .-J 4 T>..2n . 1 ni.fsA Q 3*78 ff 


{mean} 28*10 per cent. 0, 3*85 H, and 22*14 Ba'^O ; calculation 27*94 
and 2a*27 Ba®0. 

♦ i barium-salt with sulphuric acid, and evaporating the filtrate, 

l«dC&in'^8ufphuric acid is obtained as a white crystalline mass, having a very sour 
ta^ti^^asily soluble in water, sparingly in alcohol. Its alkaline solutions are not 
reddened either by exposure to the air, or by treatment with oxidising agents. The 
solution of the barium-salt is not precipitated by nitrate of silver ; but on adding 
ammonia, a white fiocculent precipitate is formed, which turns brown when warmed ; 
acetate of lead forms a red precipitate. The barium-salt evaporated down with 
hydrochloric or sulphuric acid, is converted into indinsulphate of barium ; it is not 
altered by heating with potash. 

XmXXSTnr. C‘“H'^NO*. (Schunck, Phil. Mag. [4] xv. 29, 11 7.) —A compound, 

S roduced, together with indihumin, indirubin, and other products, by the action of 
ilute sulphuric acid upon indican (p. 248). It is a dark-brown shining resin, which 
at 100®-190®, contains on the average 66*04 per cent. C, 6 57 H, 3*83 N, and 2i r)6 
0 (calc. 66‘06 C, 6*19 H, 4*28 N, and 24*48 0). — When heated on platinum 
foil, it^melts, burns with a yellow, smoky flame, and leaves charcoal. By dry distil- 
iafibn it gives off strong-smelling vapours, and yields an oily distillate. It dissolves 
■ ^ piY of vitriol with brown colour, and chars when heated. With boiling nitric acid, 
^rms resin, and picric acid. — It dissolves easily in aqueous alkalis, and with brown 
’^colour in amimnia, being precipitated therefrom by barium, calcium, and silver-salts. 
It is precipitated from the alcoholic solution by neutral acetate of lead, and partially 
cupric acetate. 


V C"H*N 0. (Schunck, loc. ci t . ) — A compound, isomeric wi th 

itiSigo-blue (p. 249), and perhaps identical with indigo-red (p. 267), obtained in 
quantity by decomposition of indican, more abundantly from Indian woad-leaves, 
J^’Sy immersing them in a boiling alkaline solution of stannous chloride, the liquid then 
|g&j|Mho<ujiag indirubin on exposure to the air. The product thus obtained is purified by 
^^Wtot&ag it in alkaline stannous chloride, and treating it, after reprecipitation, with 
'*^«austic Soda, acids, and water, and then rccrystallisod from alcohol. It forms long, 
-purple, metallic-shining needles, which appear red by transmitted light, and when 
' volatilise in red vapours and sublime. In the impure state, it is a brown -red 

powder. Contains 72*78 per cent. C, 10 50 N, 4*16 H, and 12*66 0, 
^ ^ 'With the formula above given. It dissolves with purple colour in strony 




I chromate of potassium and dilute sulphuric even at the boiling heat, 
rine under water, it forms a blue amorphous resin soluble in alcohol. Heated 
it gives off an odour of benzoin, together with airline vapours, which 
r indense to needles. It is insoluble in aqueous alkalis, but dissolves easily on 
Jon of stannous chloride or grape-sugar. From the yellow solution, acids throw 
V, ^ip4;dirty yellow flocks, which acquire a purple colour on exposure to the air, ai^ 
^ last purple dye to cotton-wool immersed in the liquid and afterwards expose 

^ to tbqiilr. It is not precipitated from the alcoholic solution by ammoniacal sugar-of- 
l|s sull^inric acid solution imparts a fine colour to wool, cotton, and silk. 

' Ametal recently discovered by F.Beic hand Th.Jtichter(J. pr. Chem. 

01) iu tie sine-blende of Freiberg. Ho. speef^im is characterised by two 
one very br%ht and more rgfrsngil^ji^llbon^^^t^^ of stipii- 

Ifuifp sti|||^aioro refrang^ p |i|^ ^ g^^ % W .olpc0^. 
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chemic^ or physical, which accompany a ^Tcn chemical reaction, when we are dis« 
cnesing the quantity of heat produced by it, than because the results arrived at are 
Hupposed to be numerically accurate. Indeed it is by no means probable that these 
results are, at best, anything more than roughly approximative ; for, to mention no 
Other source of uncertainty, the assumption that we have made, that the heat produced 
by the complete combustion of carbon is twice as great as that evolved by the combus- 
tion of the same quantity of carbon in the form of carbonic oxide, is most likely not 
strictly true. For it has been pointed out by Butlerow that the four units of 
combining capacity (Classification, i. 1010 seq.) possessed by one atom of carbon 
are not exactly equivalent to each other in chemical function, and Erlenmoyer has 
suggested, with great probability, that the dilFerence between them is due to differences 
in the strength of the clu'mical affinity with which each unit enters into combination 
(see references in the article Formula, ii. 704). If this be so, the combination of 
an atom of carbon with one atom of oxygen must evolve more heat than the combination 
of the product so formed (carbonic oxide) with a second atom of oxygen. 

The numbers in the above table sliow that the heat evolved by the combustion of 
equal weiglits of the hydrocarbons (CII*)", homologous with olefiant gas, diminishes as 
their molecular weiglits increase. But it is not easy to say how far this result may be 
due to accidental causes (the numbers given are deduced from a sihgle experiment, 
except in the case of olefiant gas, for which Favre and Silbermann obtained very con- 
cordant results in two experiments), or to the influence of the physical properties of 
the substances. It may ho remarked that the isomeric substances, oil of lemons, oil of 
turpentine, and tcrobcne, also gave different quantities of heat, although their 
molecular weights are the same.*'' 

The acids homologous with acetic acid may be regarded, empirically, as formed 
by the combination of the hydrocarbons (CH®)“ with oxygen ; that is, they may bo 
considered as products of the partial combustion of the hydrocarbons. Hence, we 
' should expect each acid to give out, when liurned, loss heat than the hydrocarbon co:i- 
taining the same quantity of carbon and hydrogen, and this is shown by the numbers in 
the above table, to bo really the case, the difference between the heat of combustion of 
an acid and that of a given hydrocarbon being greater in proportion as the acid is more 
oxidised. Thus, start, ing from nmylenc, CHI'®, and comparing with it quantities of 
valeric, butyric, and acetic acids which contain the same quantity of carbon and 
hydrogen, we have fho following numbers : 

1 molecule amyleno, CHI'® = 70 produces 804400 units of heat, 

1 „ valeric acid, C'*II'®0« = CHI'® + = 102, „ 656800 „ 

U M butyric acid, IIC'IPO'^ -= CHI*® + 024 = 110, „ 621200' „ 

2} „ acetic acid, 2 JCHFO 2 = CHI'® + O® = 150, „ 525750 „ 

Compared in this way, the difference in composition between amylene and valeric 
acid, namely is four times as great as that between valeric acid and butyric acid, 
and the corresponding differences in the heats of combustion of these substances are 
exactly almost in the same proportion : hut this close agreement is, probably, in great 
part accidental : for the heat of combustion of acetic acid is decidedly greater than 
what might he calculated in the same way. 

The table further shows that isomeric sub.stances byno means always give out equal 
quantities of heat when burned. For instance, acetic acid, CHFO^, produces con- 
siderably less heat than its isomer, formate of methyl ; butyric acid, CHHO*, less than its 
isomer, acetute of etliyl ; valeric acid, C®!!'*©*, loss than its isomer, butyrate of methyl. 
That differences of this kind would be found to exist, might have been deduced, with 
considerable probability, from the difforencc.s in the chemical constitution of tlje acids 
and of the isomeric ethers : for, of the four equivalents of oxygen contained in these 
compounds, one must bo regarded as combined with hydrogen, and the othd^U’ee with 
carbon in the acids ; whereas, in the ethers, all four equivalents of oxygeJSre com- 
bined with carbon. Hence, the differences between the heats of combujSbii of the 
acids C“H*“02 and those of the isomeric ethers may be ascribed, at least in part, to 
the difference between the heat of combustion of an equivalent of carbon and that of 
an equivalent of hydrogen ; hut con.siderations, such as have been already alluded to, 
make it impossible to assign any exact numerical value to this difference. 

But, according to the experiments hitherto made, not only do the acids differ from 
the isomeric ethers, in the quantity of heat which they produce when burned, but the 
others differ from each other : for instance, acetate of methyl produces more heat than 
its isomer formate of ethyl ; valerate of methyl, more than its isomer butyrate of 
ethyl ; acetate of amyl, more than its isomer valerate of ethyl. It is not easy to suggest 
any chemical reason for the existence of such differences as these ; nor even to discover 
any empirical relations of a general kind among the experimental results. 

• Favro and SUbormann nsilgn to oil of lenionk haVf the molecular weight of oil of turncntUie, but 
without giving any reason for to do ng. 



INDUCTION -:^1NPU^RI AL EARTH. 269 

Bium. It was tlw pro^tictioii «f Hub peculiar apectrum that led to the diaoOTery of tlie 
metai. The ore, consisting chid^ of blende, galena, and arsenical pyrites, was roiuited 
to ex^ sulphur and arsenifl^ then treated with hydrochloric acid, and the solutitm waa 
evRixSied to diyness. The impure chloride of zinc thus obtained, exhibited, when 
examined by the spectroscope, Uie first of the indigo lines above mentioned. The 
chloride waa afterwards obtained in a state of greater purity, and from this the hydrate 
and the metal itself were prepared. The first line then came out with much greater 
brilliancy, and the second was likewise observed. 

Indium has hitherto been obtained in very small quantity only, so that its properties 
have been but imperfectly studied. The metal itself is of a lead-grey colour, soft, 
vory malleable, and marks paper like lead. It dissolves easilv in hydrochbric acid, 
forming a deliquescent chloride. From the solution of this salt, it is precipitated by 
ammonia and potash as a hydrate, insoluble in exci^ss of either reagent. Sulphydrio 
acid does not precipitate it from acid solution. The oxide heated on charcoal with 
soda, yields a metallic globule, which when rehejited oxidises to a yellowish powder. 
The compounds of indium impart a violet tint to the flame of a Bunsen’s buroerr (Sec 
Supplement, pp. 729, 1137.) 

XirBUOTIOlTf BXiBCTRICAXi. See ELECxmciTV (ii. 384, 451). * ^ 

nrSVCTXOir, magnetic. Sco Magnetism. ' 

XNBVCTXOK, PHOTOCHEMICAL. See Light, Chemical action olPj/! 
XjrjIYLB. Syn. with Indioo-bluk. (Gerh. iii. 509.) 

IHPITBORXA. The following experiments on the influence of infusoria in exciting 
f.TiiK'ntation, have been made by Pasteur (Compt. rend. Ivi. 416; Rt^p. Chim. p. 
186:} p 221). A quantity of tartrate of calcium mixed with a few thousandths of 
pliosnhate of ammonium and alkaline and earthy phosphates (either artificially pre- 
pared, or from the aslies of beer or of infusoria), was placed in a fiat-bottomed Ixiltle, 
the narrow neck of which was cemented to a bent glass tube ; the bottle was then 
filled up with pure water, and the water heated to the boiling point, while the end of 
the bent tube was plunged into watcjr likewise heated to boiling; by this means all 
the air in the solution was driven out. The surface of the water in ^e vessel mto 
Biiich the bent tube dropped waa then covered with a thick layer of oi\, SAd the 
apparatus was left to itself for twenty-four hoiii-s. Not the slightest 1 race of fermen- 
tation could then bo perceived ; but on quickly introducing into the bottle a smatt 
quantitv of infusoria produced by spontaneous fermentation of tartrate of calciu m, » 
iinmediatelv replacing the small quantity of water thereby dislodged, with 
deaerated hy boiling, and plunging the end of the tube below the surface of mer^W 
so as completely to exclude the air, the infus.,ria multiplied rapidly in the dej^it ^ 
tartrate, which soon disappeared completely, being replaced by a deposit consiswug 

the carcases of infusoria. ... • . . .. 

Hence it appears that the fermentation of the tartrato is determined by the 
of an animalcule living without free oxygen. If the l>ottJe is VR j, J 

water, the tartrate ferments 8{>ontaneously, and the infusona multiply y*,.' \ . 
moving the oxygen present down to the last trace, and replacing it by x uig 
volume of carbonic anhydride. The ferment finds the nitrogen and phoap 
quired for its development in the albuminous matter present or the ammon^^G ^ 
and phosphates introduced. The carbon is supplied by the tartaric acid, toe 
MENTATION ) « * 

On the influence of infusoria on the germination of plants, see Leraaire, 
rend. 1863, Sept. 21 ; Rep. Chim. app. 1863, p. 371. ^ i, i ifixa 

From experiments by Morrin (Compt. rend, xxxvm. 932 ; Jahres >er. ^ 8 ^ ^ 
it appears that the development of infusoria and algse goes on only whw 
obtain a supply of nitrogen already in the state of chemic>al comMnati^^| P jg ,' 
evolved by decomposing animal matters, or in the form of ammonical 

; contact with atmospheric air continually renweo. 





grow in water which is in cuiium;!' wicu - .. - . ^ 

t^ air has bew deprired of ammonia and oiiganic matter, by washing *1U 

Accordmg to ealm-Ho»itmar (Jahresber. 1854, p. 145 ; 1866, p. 134), A. | 

Colouring matter of infusoria is optically identical with chlorophyll. * 

nnnmoUAE BAJITX. The infusorial earth ■% 

the Lunebarg heath, near Ebrforf, has been analysed by W. Wicke (Ann. (^|WM^^ ,» 
*'». m). It CDiMiato of two Uyers, the nopar, which is from 1 0 to 18W* 
l»eing light-coloitred, iHd noarjy whUe when and the lowor, which is 10 wiegg 
or more, of 

' - 



HEAT OF Crfi^idAL ACTION. K» 

£For the methods ot calculating th^ heating powei^ of different kinds of fuel, and 
the temperature produced by its combustion, for practical purposes, see the article 
Fdbt., ii. 722 et 

CmnhtLstiona in Cmorine^ and direct combination of Chlorine^ Bromine^ and 
The following table gives the quantities of heat evolved by the direct union of various 
elements with gaseous chlorine : 




Units of heat evolved 


Subitance. 

Product. 

by 1 grm. o' 
substance. 

by 1 grin ol 
cb tori tie. 

by I at. (=^3^ 5 
grras,)ofebloriiie 

Observer, 

Hydrogen 

Phosphorus . 
Potassium 

Iron 

Zinc 

Tin 

Arsenic 

Copper . 

Antimony 

Mercury 

HCl 

PCP(?) 

KCl 

Fe-Cl* 

ZnCP 

SnCP 

AsCl* 

CuCP 

SbCl» 

? 

(24087 

}23783 

3422(?) 

2655 

1745 

1629 

1079 

994 

961 

707 

? 

678 

670 

607 

2943 

921 

1427 

897 

704 

859 

860 
822 

24087 

23783 

21518 

101476 

32695 

50658 

31722 

24992 

30494 

30491 

29181 

Abria. 

Ftivre and Silbermann. 
Andrews. 

f» 

i> 

If 


The heat evolved by the direct union of bromine and iodine with zinc and iron has 
also been determined by Andrews ('^I'rans. lioy. Irish Acad. xix. quoted in Miller's 
Ch rmical Pkt/sics, p. 311): the results obtainetl are given in the next table : 


Metal. 

Pro liict. 

Unit* of be.it evolved 

by 1 grm. of 
metal. 

by 1 grm. of bro- 
mine or Iodine. 

by 1 at. of broiriine 
^ or Iodine, 



Bromine. 



Zinc . . 1 

1 ZnBr« 1 

1269 

1 508 

40640 

Iron . . 1 

' Fe^lr^ 1 

1277 

1 298 

23833 



Iodine. 



Zinc 

ZnP 

1 819 

1 209 

1 26617 

Iron 

Fen* 

1 463 

63 

1 8040 


Beat produced "by reaction* in tlio Wet Way. — Of tlie various reactions in 
the wet way, which have been studied calorimetrically, it will be most convenient to 
i'onsider first those which take place between water and other boiiios, since such 
actions intervene in man}’ other coses also. 

Ddui on of Acids with Water. —'The heat produced by the dilnlion of strong acids, 
especially sulphuric acid, has been the subject of many investigntions, the moat accurate 
of which are probably those of Favro and Sil !>^‘rm a n n, bom sen (Pogg. Ann, 
Ixxxviii. 349 ; xc. 261 ; Jabresber. IS/iS, p. 30); and Fayre and Quaillard (Compt. 
rend. 1. 1150). We give below a few of the results obtained. 

Sidphuric acid, SO^H* = 98. 

Thomsen determined the quantity of heat evolved by the mixti^e of strong sulphuric 
acid, and of the same previously diluted with diffiirent quantities of water, with an 
excess of water — that is, with so much that any further quantity did not increase tha 
amount of heat evolved. He tbund that the addition of an excess of water 

to 98 grms. ( *. 1 molecule) SO*H» evolved 17.248 units of heats, 

to 116 „ SO^m.WO „ 10.848 

to 152 „ S0^H*.3H*0 „ 6288 

to 188 „ SO^H».5lPO „ 4480 

Favr© has determined, in conjunction with Silbermann and with Quail]ai*d,' tlio 
quantity of heat produced by tbe successive additions of known quantities of water 
to strong sutpbaric acid, l^v/th sets of experiments were made with the mercnriAl 







Si? 


stt> 


l.Bl 

decoctidii’l 


•v-Vi-3 






'■ ^ 


■■IM 


y liquof or pig^^ iri i^ting cff printing it di«t%m«hed by the 
^ Inks are of rarious t^e and aro niost in use, both 

tHdnting. We shall fir^ inks, which consist either 

^ <^’not.i^ thin liqni4- ot^, a^^^^^ WII &d:^0(^ared pr^ij^tesns- 

^ inha.--^mmon black ink fbr wi^tM ls ni^e by adding adlialhsion or 
^ hnt«gallB to a solution of copperas (ferrous sulphateb inAi^od or 
decoction of the galls contains both gallotanmc and gallic acids, both of widliih prod^e 
deep-bl|i precipitates with ferric i^ts, but with ferrous, salts, white pr^ipitates which 
turn bllSk by oxidation on exposure to the air. Moreover, gallic acid colour^ ferric 
salts ofj^uch deeper black than gallotannic acid ; hence it is, advan^sous to leave the 
infusiw^ itself for some time, either before or after mixture with the iron-salts, in 
order that^e tannic acid contained in it may be converted into gallic adid (ii. 767 

||(^a the precipitate in suspension, and prevent it from forming a sediment, a 
t-ig^^tity of gum is always added : the gum likewise gives a certain gloss to 
^ yvi'hese are the essenti^ ingredients of good writing ink, and any other 
t ipattera added, for the sake of cheapness, as substitutes for a portion of the 
y impair its quality. Logwood is sometimes used, for the sake both of the 
paiid the colouring matter which it contains. 

ink from becoming mouldy, various substances are added to it, such as 
Wiai oils, finely bruised cloves, a few drops of phenic acid, and sometimes (but not 
intageously) corrosive sublimate. The addition of an acid retards the conversion 
ferrous into ferric salt ; the ink then remains thinner and pale while kept in 
thli' bottle, and becomes darker only as the writing dries. 

following are some of the numerous recipes for the preparation of black ink, 
calculated for 1,000 pts. of water: — 






% 

a 

h 

c 

d 

s 

/ 

g 


dalls . 

225 

187 

133 

125 

66 

62 

31 

' lli:- ’ ■. 

Copperas 

75 

73 

65 

24 

22 

31 

19 


Gum-arabic . 

25 

73 

55 

24 

19 

31 

8 




h 

i 

k 


1 

m 

A.-' 

... , Galls . 

, , 

60 

174 

60 


60 

42 

' ' it',! 

V.I:’ • ■' ' .'Logwood . 

. . 

— 

— 

100 


20 

21 

; ij- 

■ " Copperas . 

, , 

32 

87 

16 


20 

21 


’ ** 4 . Sulphate of copper 

— 

— 

— 


— 

6 


Gum . 

, , 

9 

43 

47 


20 

16 


’■ Sugar . 

, , 

— 

— 

23 


1000 


' '£i 

^ Vinegar 

• 

125 

135 

— 


— 

— 


; Of the genuine inks (a — </), a, h, and c are too strong for ordinary use; <?, e and/ 
’*M© perhaps the best ; g w'oiild be somew’liat too pale. The rest cannot be recommended, 
<^epting for special purposes. Sulphate of copper deepens the colour of the pfvei- 
- riitate, but renders it more compact and heavy, and therefore more apt to settle down, 
r A certain quantity of sugar renders the ink more fluid, and permits the addition of a 
larger proportion of gum. It likewise renders the ink adhesive when dry, so that a 
copy of the writing may easily be taken off by laying a sheet of thin unsized paper, 
damped with a sponge, on the written paper, and passing lightly over it a flat iron very 
moderately heated: ink of this quality is called copying ink. 

The so-called alizarin-inks (a mere commercial name, by no means implying that 
they contain the alizarin of madder) consist of common inlp mixed with a little free 
sulphuric acid, which, like other acids, retards the oxidatioifirf the ferrous precipitate 
(see Iron, oxides of), so that the writing becomes blacJc iEfy after exposure to the 
air I the change being, perhaps, accelerated by the neutraliiMtion of the eulphoric acid 
by basic substances contained in the paper; the ink blackens very quicldy^wib^ 
axlkM^do ammoniacal vapours. A certain quantity of sulphindigotic a^d i 
^ ^^‘Um-salt (indigo-carmine) is usually added, so that the ink may 

i writing. An ink of this kind may be prepared by exhaust^og 4Ct | 

^ nut^;all8 with 112 pts. water, and then adding 7 pts. copperaa . 

^ At the same time, 1 pt, of flnely pulverised indi^-blue is di8sc^la!l|*i|l 
j the solution after 24 hours is diluted, with — 

a aiuiul quantity of carbonate of soda; the precipitate isv^l] 
solution, then suspended in water; and this 
whole Exhibits a rather deep greenish-blue colon 
flr^t suggMted il^ preparation of ink 
4C^p(dtihirktii^ " 




BEAT; 


ealorimoter already deacribed, and represented in fig. 531, p. 28. We giro here the 
results published by Favre and Quaillard as being the most recent. 

Addition of Water to 98 gramme (1 molecvle) of Svlphuric Acid. 


Qaantitlei Total 

of water Heat evoWed on each quantity of ^otal Heat 
added tuc- tuccessive addition water evolved, 

ceisively. of water. added. 

Molecule*. Molecule*. 


Quantitie* Heatevolved To»al , 
of water on each *uc- Quantity of 1 o , 

added *uc. ce«ive I 

cessively. addition of added. 

Molecule*. water. Molecule*. 


946-68 

885*92 

1711*08 

2832-20 


. . 6512*80 

;2;«j3180-50 
. . 3244-00 


11597-60 

12776-60 


885-30 

754-48 

591-84 

46V36 

1063-66 

483-02 

222-46 

141-58 

86-96 

65-06 

43-28 

32-08 


13661-90 

14416-38 

15008-22 

15473-58 

16537-24 

17020-26 

17242-72 

17384-30 

17471*26 

17536-32 

17579-60 

17611*68 


A little heat was itllt produced by the addition of the *ixtieth molecule of water. 

These numbers show that it given quantity of water added to sulplioric acid evolves 
the same quantity of heat, whether it be added all at once, or in successive small 
portions, and that the heat which a given quantity of water produces is, accordingly, 
less in proportion as the amount previously added is greater. 

Nitric Acid, NO»H = 63. 

The following table gives the results of Thomsen’s experiments on the heat evolved 
on adding an excess of water to nitric acid, either undiluted or alrtady containing a 
certain quantity of water. Tho numbers refer, as usual, to molecular proportions of 
acid and water expressed in grammes : — 


NO^H mixed with excess of water 


7560 units of heat. 


[NO*H + 0-421 H*0) mixed with 

excess 

of water evolved 5680 „ 

M 

(NO=»H + 

H-‘0) „ 


„ 4088 „ 

II 

(NO>H + 1-5 

H'^0) „ 

n 

M M 3760 „ 

It 

(NO»H + 1-59 

ITO) „ 


» M 3464 „ 

It 

(NO»H -f- 2 

H^O) „ 


M u 2712 „ 

II 

(NO>H + 2-5 

H^O) 

It 

„ 2184 „ 

tl 

(NO«H + 3-5 

IPO) „ 

II 

, „ 1392 „ 

ft 

(NO>H + 4-5 

H^O) „ 


, » 952 „ 

n 


It will be observed that the heat which can be obtained by the addition of water to 
nitric acid diminishes as the quantity of water already present in the acid is greater, 
but that the diminution takes place, at first, much less rapidly than in the case of 
sulphuric acid. 

Acetic Acid, C*H«0» - 60. 

The following results are those of Favre and Quaillard : we give them in prder to 
call attention to the absorption of heat (indicated by the minaa sign in j^e second 
column) produced by the first quantities of water add^ : A; 

QuiintltUi of „ , ••nitroH rtn Total quHo- Quantitie* of Heat evolved T^tal qu-in* 

water added «aaiiinn nr wninr water water added on each addl- Hty of water 

•ucce*slvely. •ttoaion ot wan r. euiceialvely. lion of w-ter. added. 


24-87 

- 25-18 

- 356 




INI 


m 


geladaowk ^ it pM. by wrfpt of soHd ImoMreitl 1 

extract of k»g<^ ^th 1, Pf f ;;*<^ of I pt of mm |k»W, ■ 

down to 8 pte. Of hqnjd), aadato 1 PW yoUow chromate of potiuwiil&dMiidb 
^4 ptij|^p(^ S^o^ extract, 1,000 pt«» watei^^i^ J -pt^ 

^ Van^iitim a decoction of galls with Tanad«^;til ammo- 

nia. it Is Wfck, and flows easily, t^use it does not contain any precipitat8; it isnot 
atta&ed alkalis, but acids turn it blue. (Berzelius.) 

The hli^violet Ratien ink {encre bleue rouencdse) is prepared by boiling 750 pts. of 
logwood wh 6,000 pts. water, 35 pts. alum, 81 pts. gum-arabic, and 15 sugar- 
candyi, leating the mixture to stand for two or three days, and straining tl^pngn a 
linen cloth. 

Ink in cakes.-^42 pts. of good nut-galls and 8 pts. of madder are boiled in about 
six times their weight of water ; the filtered decoction is mixed with 5^ pts. erapevaS^ 
and 2 pta pyrolignate of iron ; If pts. solution of indigo (in sulphunc ach^ ouutid^’ ^ 
wifli water) is then added ; the mixture is evaporated nearly to dryness at agoh^’lieatj'^fif^ 
and with constant stirring ; and the pasty mass is then made into cakes, and ^ * * 
dried.' This ink dissolved in 6 pts. of hot water is said to make an exo^llegt: 
ink, and in 10 or 12 pts. water, a very fine writing ink. 

hk-powder , — A solid chrome-ink may be made by triturating together tojj 
powder, 100 extract of logwood, 1 pt. neutral chromate of potassium, and 
carmine. 1 pt. of this powder added to 32 pts. water is Siiid to make very gc 
A mixture of 4 pts. pounded galls, 2 pts. copperas, and 1 pt. gum-arabic is al^^ 
qiicntly sold as an ink-powder. , ; 

Copying inks ^ — Inks for this purpose must be rather thick, not dry too quickly, «hd 
sf)fteii when moistened again, without becoming too fluid. The following preparSUiNl 
is much recommended: 4 pts. by weight of logwood-extract are dissolved in a mixture 
of <)0 pts. vinegjir, and 70 pts. water, and 3 pts. copperas, 2 pts. alum, 2 pts. gum* 
arabic, and 4 pt*^. sugar are then added. This ink is at first more violet than tbf 
huiicn ink, which is also used as a copying ink. 

Inchiible inks . — As writing executed with ordinary ink is liable to fade in course of timSi 
flic tannate aiidgallatc of iron being gradually decomposed, and as, moreover, itkiiliily 
eftaced by the action of certain chemical reagents (oxalic acid, hydrochloric aci4^ ehlo- 
rinc), it is desirable that valuable document.s should bo wTitteii with an inknot liable 
d< .^traction fn^m such agencies. Various compositions have been proposed for this pui^til, 
iMost of them consist of common ink, or some other dark-coloured liquid in which fino^' 
divided carbon (Indian ink or lamp-black) is suspended The simplest of aU is 
by mixing common ink with Indian ink (p. 240) rubbiid up with weak hydrochlorhflUB0* 
AVriting executed wdth such ink cannot be bleached by chlorine or destroyed by jmKus ; 
blit the carbon may be ultimately removed by water, even when it is as finely dividsd 
os in Indian ink, and consequently penetrates the pores of the paper to a certain 
extent. Ink prepared in like manner with lamp-black is easily washed away. Traill's 
indelible ink is prepared by steeping wheat-gluten in water for 24 to 36 hours, then' 
dissolving it with aid of heat, in strong vinegar, of specific gravity 1:033, or in pj^ro- 
ligneous acid, and then rubbing it up with Indian ink or lamp-black. This ink is of 
a fine black colour, and cannot be obliterated ]*y water, chlorine, or dilute ncifls. 




Kind dissolves 1 pt. honey in 14 pts. water, a<lds 2 pts. strong sulphuric acid, and 
t ben adds a quantity of indigo-solution sufficient to render the ink visible in writing. A 


^ er the ink visible in writing. 

hot iron is then parsed over the writing, whereby not only the honey is car^nised, 
but likewise a portion of the paper-fibre, by the action of the frr'O sulphuric acid. The 


writing cannot be effaced by any chemical reagent, and only with great difiSculty hj 
, since the ink penetrates deeply info the pa|)er, and the charcoal IS 


mechanical means, i 

consequently separated within the pores ; the pajler is, however, very much attacked. 
The yanadinm-ink, above described, may also be used as an indelilde 

merely turn it blue; chlorine destroys the black colour, but does not eflhet the 
eren after long washing. ... « x 

.Ihki»---Red ink is usually prepared cither with cochineal or with Bimdwwipd* 
inks are the blrightest, but at the same time the dearest and, ' 
; The b«»t is a solution of pure carmine in caustic ammoqia ; it 
•*ftve4;|ji well-stopped vessels. Bottger recommends 1 pt. of good carmine, 12tri(||piilifeiwS 
and I J pt. gum-arabic. A eheap^ but less brightly colour^ ink 


^ of pulverised cochineal and 4 pts. of carwn#^^ anwioiB^^^ 



thloridc) 


pta. waiter, then digesting and pouring off th e y. 

tartar and stannic chJ^de renders the ink mors 
weight of alum give it % crimson tint ■ - ' 

made by boiling the food in weteiv*^^ 
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HEAT OP CHEMICAL ACTION. m 

These mimbexs nlaii^y show the sim^taMeous occurrence of two distinct actioiis-^ 
. one of them attended with absorption of heat, the other with its production. The 
former action prevails at first, but gradually diminishes as more and more water is 
added, until, on the addition of the fourth half-molecule, its effect becomes less than 
that of the second, and a small evolution of heat takes place. From this point, until 
between five and sevcn-and-a-half molecules of w'aterhave l>een added, the calorific effect 
of a given quantity of water continually incna^fs (contrary to what takes place with 
sulphuric and nitric acids), showing that the heat-absorbing action still tahes place, 
but to a less and less extent, until more than five molecules of water have been added 
to each molecule of acetic acid. 

When successive quantities of alcohol, up to ten molecule.s, are added to acetic acid, 
each addition causes absorption of heat; but the numerical results clearly indicate, in 
this case also, the simultaneous occurrence of distinct phenomena. Favre obtained the 
following results : 

Molecules of alcohol successively | 

added to 1 raoleculo of acetic 1-111 1 2 2 2 

acid j 

Units of heat absorbed on the) 

addition of each successive 1 91-91 0 91 7*35 14*88 31*85 41*47 64*60 

quantity j 

Absorption of heat also frequently occurs on the dilution of saline solutions, a 
phenomenon with regard to which numerous quantitative determinations have been 
made by Favre. It is probable that in these cases, a change takes place more or loss 
analogous to the liquefaction of a solid by solution ; acetic acid, or a salt dissolved in 
a small quantity of water, may be conceived of as being imperfectly liquefied, so that 
flirt her liquefaction, accompanied by the disappearance of a certain quantity of heat, 
takes place on tJio addition of more water. Viewed in this way, tiu'se phenomena 
ap|M?ar to be comparable with tlio gradual melting, which, ns we have seen (pp. 74 and 70), 
taktvs place in some solids under the direct action of heat. 

Hi action of Acids and B<ises in presence (f water. — It will be easily understood that 
the thermal effects which may result from tlie reaction of different subslanees upon each 
other in jirescnce of water, arc even more complicated than any of tJioso which Iiav© yet 
been considered, and therefore that the calorimetric s-tiidy of these reactions is subject 
to still more numerous causes of error than that of the foregoing processes. In addi* 
tioii to the different specific hoatj-i of the reagents and products, and to the different 
i|Mantitie.s of heat absorbed by them in dissolving, or giv«‘n out by them in combining 
Nvitli water, the convi'rsiori of soluble substances into insoluble oni's, as a consequenco 
of the chemical action, or llio inverse change of insoluble into soluble bodies, aro 
among the secondary causes to which part of the calorimetric effect may be due in 
th<‘se cai>(‘S. The greater number of these disturbing causes may be got rid of, or at 
least very much reduced in amount, by effecting the react ions in llio presence of com- 
paratively largo quantities of water, but tlu-n the difficulty of accurately measuring tliu 
total quantity of heat pnxluced beconu'S greater. 

The following table gives tho number of units of heat evolved, according to Favro 


Oxide of 

Equivalent*. 

Units of Heat evolved with Various Acids: 

Sulphuric. 

Nitric. 

Hydrochloric. 

Acetic. 

I’otassiiim 

47 

16083 

15610 

16666 

13978 

•'''‘xiium 

31 

16810 

15283 

16128 

13600 

Ammonium 

20 

14690 

13676 

13636 

12640 

Ilarium 

76*6 


16360 

16306 

13262 

Calcium . 

28 


16943 

16982 

14676 

Magnesium 

20 

14440 

12840 

13220 

12270 

Manganese 

35*5 

12075 

10850 

11235 

9982 

i^'inc . 

40 -5 

10455 

8323 

8307 

7720 

Cadmium . 

64 

10240 

8116 

8109 

7646 

Copper 

39*7 

7720 

6400 

6416 

6264 

Nirknl 

37-7 

11932 

10450 

10412 

9246 

Cobalt 

37*7 

11780 

9956 

10374 

• 9272 

Ijead . 

111*7 


9240 

, , 

7168 

J^ilvcr 

116 

• • 

6206 




*Hd Silbermanu's experiments, in the tram^rmation of equivalent quantities of variptui 
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^P®6lT^^iS^^|l€^in 60 P^*^- water, the decoction boiled down to 
■«M i^txed with ^ pt. of tin-salt and | pt ghm-arabic ; or 8 pu. 
Bpa&-wo^ bdiyi 2 pts. alum and 2 ptefcream of tartar in 120 pts. water; the 
liquid concipt^ed to 6 pts. by weight, and mixed wth 2 pts. gum-arabic §nd 2 pts. 
sugar. ^ '■ * . ' 

Blueir1hlc£-- The best is made by dissolving 80 pts. pure Prussian blue (Paris 
blue, ii. 227) in a solution of 4 pts. oxalic acid in 1,000 pts. water. A blue ink may also 
be prepared by dissolving 4 pts. of indigo-camine in 64 pts. water, ahd mixing it 
with 1 pt, gum arabic ; but it cannot be used with steel pens. 

Yellow and green in ks are sometimes, though very rarely, used. The former may 
be m^e with decoction of saffron or yellow berries ; the latter of solution of verdigris 
■^ix^r^th turmeric or gamboge ; or better of indigo-carmine mixed with picric acid. 
% may also be prepared from the green modification of chrome-alum, namely, by dis* 

, /giving 3 pts. acid chromate of potassium in 8 pts. water, adding 1 pt. alcohol, then 
UUlphwic acid by drops, and heating till the liquid assumes a brownish green colour; 

^ ‘4 ’ then diluting with 16 pts. water, adding a few more drops of sulphuric acid, leaving 
liquid to stand, and adding a small quantity of gum-arabic. 

* Sympathetic inks. — This name is applied to inks which make characters invisible 
rilf^rought out by heat or the application of some reagent. If a weak infusion 
of be used, the writing will be invisible till the paper is moistened with a weak 
tfQlUttpn of sulphate of iron. Dilute solutions of gold and silver remain colourless 
upon the paper till exposed to the sun’s light, which gives a dark colour to the oxides, 
and renders them visible. Most acids^ or saline solutions, diluted, and used to write 
with, become visible by heating before the fire, wjiich concentrates them, and assists 
their action on the paper. Dilute prussiate of potash affords blue letters when 
wetted with solution of sulphate of iron. The solution of cohalt in aqua-regia, 
.when diluted, affords an ink w'hich becomes green when held to the fire, Init 
disappears again when suffered to cool. This ink has been used in fanciful drawings of 
trees, the green leaves of which appear when warm, and vanish again on cooling. If 
the heat be continued too long after the letters appear, it renders them permanent. 

If bxide of col)alt be dissolved in acetic acid, and a little nitre added, the solution will 
exhibit a pale rose colour when heated, which disappears on cooling. A solution 
hi equal ^arts of sulphate of copper and sal-ammoniac gives a yellow colour when 
y heated, that disappears when cold. 

Sympathetic inks have been proposed as the instruments of secret correspondence, 
but they are of little use in this respect, because tbeir properties change by remaining on 
the paper for a few days ; most of them have more or less of a tinge when thoroughly 
dry, and none of them resist the test of heating the paper till it begins to be 
scorched. 

Marking inks. — Inks for marking linen must be able to withstand the action of 
water, soap, alkaline leys and acid liquids. The best are those which contain silver. 
They consist of a solution of nitrate of silver, usually coloured with sap-green, or other 
colouring matter, sometimes with lamp-black, and thickened with ^m. It is best to 
prepare the part of the linen to be marked with a solution of carinate of soda and 
gum, then smooth it with a hot iron, and after writing upon it, expose it to sun- 
shine. The writing may be effaced by a solution of cyanide of potassium, with or 
without iodine. 

Roder (Polyt. Notizblatt, 1856, p. 112) prepares a marking ink by dissolrin^ 5 pts. 
xnolybdic oxide in hydrochloric acid, adding 240 pts. water, 6 pts, gum-arabic, and 
2 pts. liquorice-juice. The writing is to be dried and then mqistened with solution of 
stannous chloride. Inks containing gold or platinum hate also been recommended 
for this purpose, but they are too costly for general use. ^ 

An ink for writing on zinc plantdabels may be madd^ dissolving equal parts 
acetate of copper and sal-ammoniac in distilled water. WfiS characters are written 
with this solution on a zinc plate, the copper is precipitated, forming deep black, very 
durable marks. _ 

Ink for marking copper and silver vessels may bo made by boiling sulDhldb of 
antimony in strong potash-ley, leaving the liquid to cool, and fllterii^g^W)® 
separated kerracs. As this liquid does not act upon iron, steel pens may be used for- 
writing with it on the metal. The characters on copper and silver are black and very 
durabm ; on tin, lead, and zinc, less durable. 

Printing ink . — AH inks or paints used for letter-press, copper-plate, lithographic 
printing, dec. consist essentially of well-boiled drying oils (varnishes) mixed with lamp- 
black, or other pigment, according to the colour intended to be produced. 8oap and 
resinous matters are sometimes added to give the boiled oil the iequira||poisiistenee. 

T^e oil most frequently used for the preparation of the varnish isims^ oil ; nn^ 
oil is also used in localities where it can be had cheap ; but it loses more weight in ^ 
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mc^tallic protoxides into neutral salts, the reaction taking place in all eases in presence 
of a large quantity of water, and the products being all soluble* 

The heat evolved by equivalent quantities of ^tash and soda respectively, in form-* 
ing neutral salts with the following additional acids, is shown in the next table : 


Acid*. 

Potash. 

Soda. 

Acids. 

Potash. 

Sods. 

Hydrobromic acid . 
Hydriodic acid 
Metaphosphoric ) 

acid . . i 

Pyiy^phosphoric acid 
Phosphoric acid 
Formic acid 

15510 

16698 

16168 

16920 

17766 

16169 

15097 

16407 

15656 

13308 

Valeric acid . 

Citric acid 

Oxalic acid . 
Tartaric acid . 
Carbonic acid 
Hydrosulphuric ) 
acid . . J 

136*58 

14166 

13425 

12878 

6477 

13600 

13178 

13762 

12651 

6550 


Numerous determinations of a similar kind have also been made by Andrews 
(Trans. Koy. Irish Academy, xix. ; Rep. Brit. Associat. 1849, p. 69 ; see also Miller’s 
Chemical Physics, p. 352). The following is the most important of the conclusions at 
which he arrived : — “ An equivalent of the same base, combined with different acids, 
produces nearly the same quantity of heat ; but an equivalent of the same acid com- 
bined with different bases, produces different amounts of heat.*’ It is, however, 
scarcely needful to point out, that such a difference as is here implied between the 
chemical behaviour of acids and bases does not really exist in nature, and that its ap- 
pearing to be indicated by the experiments in question, could only result from the acci- 
dent of the bases examined representing a greater range of varying chemical energy 
than the acids. 

The results obtained on bringing together an alkali and an acid in various propor- 
tions are of considerable interest. They show clearly that, at least in the case of the 
most distinctly characterised .acids, chemical action takes place only between definite 
atomic proportions of acid and alkali. The numbers given below represent the number 
of units cf heat evolved by one equivalent of potash or soda (the quantity containing 
39 pts. potassium, or 23 pts. sodium) when acted on by varying quantities of acid. 


•• 1 equivalent potash 

with 1 equivalent sulphuric acid gave 16609 units of heat, 
ft ^ >1 M >> *> 16609 „ ,, 

„ I „ acetic „ „ 13936 „ 

„ 2 „ „ „ „ 13823 „ „ (Favre and Silbermann). 

The results of Thomsen’s experiments (Jahreeber. 1854, p. 30) with sulphuric acid 
and potash and soda are as follows : 


Equivalents of acid ^ ^ 

„ , , ,(Soda 6424 10666 

Heat ggg^ 


1 

16368 

16368 


5 z 4 
16320 15624 16216 
. . 15248 


It will be st'en that the evolution of heat increase.^ sensibly in the same proportion a.s 
the quantity of acid used, up to one equivalent, but that beyond this point no further 
increase in the amount of heat evolved accompanies the augmentation of the quantity 
of acid. Hence it appears that acid sulphates of potassiiun and sodium are not formed 
in presence of a large quantity of water, a conclusion which agrees with Favre and 
Silbermann* 8 observation, that the evolution of heat which takes place on adding one 
equivalent of base to a dilute solution of acid sulphate or sulphite of potissium, is the 
same as if the second equivalent of acid contained in the sdt were enS||iyed in the 
free state. By experiments on the heat evolved on adding successiv^^^iantities of 
other acids — such as boric, silicic, phosphoric — to one equivalent of soda or potash, 
Thomsen found that the heat produced was at first nearly in proportion to the quantity 
of acid added, but that, as the latter was increased, the evolution of heat increased 
also, though in a continually slower ratio. 

Evolution of Heat tn the formation of Aqueou* Solutions . — When a gas dissolves in 
water, the heat due to the chemical action is augmented by that due to the physical 
phenomenon of the liquefaction of the gas; so also, when a solid body is dissolved in 
water, the total thermal effect observed is due in part to the chemic^ action taking 

S lace between the water and the solid, and in part, to the liquefaction of the substance 
issolved. In the former case, the chemical and physical parts of the phehomenon 
both cause evolution of heat : in the latter case, the physical change occasions disap- 
pearance of heat ; and if this effect is greater than that aue to the ^emical action, the 
ultimate result of the combined process is the production of cold, and it is this 











lK>iUiw than linseed oil and does not eaaily ac<Itnt^w 
should be old and wall cleared, by deposition, from particles ianelia. W 
Ten or twelve gallons of the oil are act over the fire in an iron pht, oapaWoo^ holding 
at least half as much more; for the oil swells up greatly, and its boiling over into tlie 
fire would be very dangerous. When it boils, it is continually stirred with iron ladle ; 
and if it do not itself take fire, it is kindled with a piece of flaming paper : for 

simple boiling, without the actual inflammation of the oil, does not communicate a suifl- 
cie^ degree of the drying quality required. The oil is suffei-ed to bwn for half au hour 
or more, Slid the flame being then extinguished by covering the vessel close, thelK)iling 
is afterwards continued with a gentle heat, till the oil ap{)ears of a proper oonsistmice ; 
in this state it is called v a r n i s h,* It is necesearj' to have two kinds of this varnish, a 
thicker and a thinner, from the greater or less boiling, to be occasionally mixed t<^ether 
as different purposes may require, that which answers well in hot weather being too 
thick in cold, and large characU‘r8 not requiring so stiff an ink as smtill ones. 

The thickest varnish, when cold, may be drawn into threatls like weak glue, by which 
criterion the workmen judge of the due Ixn'ling, small quantities In-ing from time to 
taken out and dropped upon a tile for this purpasc. It is very viscid and tonaeio^ 
like the soft resinous juices, or thick turpentine. Neither w^atcT nor alcohol dis80lv<» it;* 
l.utit mingles I'eadily enough with fresh oil, and unites with mucilages into a psss 
diffusible in water in an emulsive form. The oil loses from one-tenth to onc^eighth of 
its weight by boiling into the thiek varnish. 

For letter-press printing ink, the addition of soap to the varnish is indisi>ensable, to 
enable tlie ink to be taken up clearly from the types by the moislemd l^aper, without 
smearing. The soap ustd for the piirj>ose is yellow n>sin-soap ; it is cut into thin 
slices, well dried, ridd)ed to coai'se iK>wd<‘r, and incoriwratcd by small iK)rtioua at a 
time Ml til tlie varnish, which is then once more placed over the tire, to expel any 


remaining moisture. , , i i • i i 

The colouring matter of black printing ink is tho best lamp-black, previously cal- 
cined to free it from cmpyi^umatic oils and resins. Its somewhat brownish colour U 
eorrcrtcd by tho addition of a little Prussian blue or iiidiga . , j 

The ink used by copper-plate printers differs in the oil, which is not so much bofled 
as to ac<jiiire tho H<lhesive quality. Tliis would rend<T it less disj)o.sed to enter tljd 
•’avities of the engraving, and more difficult cither to Ih* spread or uiped off (Ura)*^* 
The black is likewise of a different kind. Instead of lamp-black, or subliiuwl charcoal, 
fln> Frankfort black is used, which is a residual or denser clnm*oal, said to bo mada 
from vine-twigs. Lamp-black is said to give a dognt* ot toughness to the ink, which 
the Frankfort does not; but the goodness of the colour seems to Ixi the Itviding induci;- 
iiient for the use of the latter. ^ , • » • . 

For red, blue, and yellow printing inks, tho ordinary linseed oil varnish is not 
well ai.iaf'ted, as its brown colour impairs the lirightiiess of the tint. A good varnish 
f -rthe purpose may be made by mixing copaiba balsam (j>reviously subject(*d to rapid 
boiling w'ith w’ater for several hours in au open dish, to render it more tenacious, 
and diminish the unpleasant odour) with to of its weight of jmlverised white 
curd soap, then warm the mixturt; a little, and incorporate it with the |)igiiu*ut 
pn*viou«ly rubbed to fine powder with sf^irit of wine, and dried. I'or tho lighter 
colours, it is best to mix very dcep-coloured pigments with a considerable quantity of 
carbonate of magnesia. In that case, light- colounul linsewl-oil varnish mixed with 
white soap may be used, A fine red is formed of Vermillion mixed with « carimm-, 
and k magnesia. Blue is given by ultramarine (the darkest varieties used in 
printing) with magnesia ; yellow by chromate of lead. Prussian blue mixed willi 
clirome-yellow and a large quantity of magnesia, or ultramarine with chromate of xiiic, 
yields a fine green. Browns are obtained with bislre and siqua. ^ ‘ 1 , 1 ^ 

Lithogravnic printhiq ink is made in the same way as common prin ing in , 

^ith a larger proportion of lami>-black, and without a^ldition of soap. (See Litho- 
gbapht.) . m 

For further deUils on printing inks, sec HandwbrUrhuck der Chemie^ vil 388, and 
Urdg Diciumary 0 / Arts, &c. iii. 530. 


Mrfs«vIges!»o,in hf. work on (f 

food ,«ml,h for printing ink r.nnct b«in*de without 

appears, homt^er, to be •oroewhat different ; for in the HarndwerUrlnuh tier arwur (IW. vm p. i ‘ 
the oil »h^ld be heated only till the r^r which » JilU cTtfo^Wied 
burning paper, but will c«a«« to bum of luelf after a “tile while^ U da^Tiie^ 

a,, 1, 1. rt«ed. on Ih. «n.i..7. «-■! If* Un 
priiitiug is wn5SlS?«rlUi tbe thickest Imsccd-oll varnish, which has been aiWwed to taUA* 
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ifl most usually observed. Tbe following tables contain the results of Farre and 
Si]bermann*8 experiments, calculated for one gramme of gas or solid salt dissolved. 


Solution of Gases in Water, 


Name of Oas. 

UnttK of heat 
evolved. 

Name of Gas. 

Units of hea» 
evolved. 

Hydrochloric acid 
Hydrobromic acid 

Hydriodic acid . 

449-6 

235-6 

1477 

Sulphurous acid 

Ammonia .... 

120-4 

614-3 


Solution of Salts in Water. 


Name of Salt. 

Units of heat 
absorbed. 

Name of Salt. 

Units of heat 
ubsurbed. 

Sulphate of potassium 

35 3 

Nitrate of sodium 

45-5 

„ sodium . 

49T 

„ ammonium 

669 

„ ammonium 

11-1 

„ calcium 

27-1 

„ calcium • 

24-7 

„ strontium . 

41-2 

„ barium . 

64-4 

„ lend . 

14-9 

„ zinc 

Ferrous sulphate 

14-8 

„ silver . 

31-1 

12-1 

Phosphate of sodium . 

62-3 

Uranic sulphate . 

+ 10-7 

Pyrophosphate of sodium . 

21-9 

Potassio-ferrous sulphate . 

21-6 

Oxalic acid 

67 0 

Sulphate of aluminium and 


Oxalate of potfl8.sium . 

39-7 

potassium , 

23-1 

Acid oxalate of j)otassium . 

62-1 

Sulphate of aluminium and 


Tartrate of potassium 

17-3 

ammonium 

19-0 

„ ' sodium 

26-2 

Acid sulphate of potassium. 

25-6 

Tai-taric acid . 

19-8 

Chloride of potassium 

51-9 

Tartrate of potassium and 


„ sodium 

8-9 

sodium .... 

40-9 

, ammonium 

65 1 

Acetate of sodium 

28-1 

„ calcium . 

16-5 

„ calcium . 

3'6 

^ barium 

16 9 

„ lead . 

14-8 

„ strontium . 

24-9 

Acid acetate of potassium , 

19-3 

„ zinc (anhydrous^ 

+ 92-2 

Carbonate of sodium . 

62-7 

Ferrous chloride (anhydrous) 

+ 58-3 

Acid carbonale of polas- 


Cupric chloride (anhydrous) 

+ 73-7 

sium .... 

61-6 

Bromide of potassium 

37-8 

Sulphide of potassium 


Iodide of potassium . 

29-2 

(anhydrous) . 

+ 96-9 

Nitrate of potassium . 

70-6 




Noth. — T he aigti plus (+) denote! evolution or heat. 


The foregoing table includes numbers relating to the solubility of some salts which are, 
in reality, either quite insoluble or very slightly soluble in water. These numbers are 
deduced a comparison of those which represent the heat of formation of these salts 
with the numbers expressing the heat evolved by the same bases with other acids. 
The heat of formation of salts which are insoluble, and therefore separate out in the 
solid form, is 'usually considerably greater than thw heat of formation ' of soluble salts 
of the same bases and acids, and it is this exeeas which in the above table is given as 
the heat absorbed on solution by such salts as sulphate of barium, sulphate of stron- 
tium, &e. 

Cold produced by Cbemlcal Seoompoeitlon. — Tlie proposition that tlie 
thermal effect of the reversal of a given chemical action is equal and opposite to the 
thermal effect of that action itself, has already been referred to (p. 106) as one which 
naight /^th great probability be assumed as true. A direct consequence of this 
proposition is that the separation of any two bodies is attended with the absorption of a 
^antity of heat equal to that which is evolved in their coml/ination. The truth Of this 
deduction has been eiyerimentally established in various cases by Woods (Phil, Mag. 
[4] ii. 368 ; iv. 370) ; Joule {ibid. iii. 481)andFavrcand Silbermann, by comparing 
the heat evolved in the electrolysis of dilute sulphuric acid, or solutions of metallic 
salts, with that which is developed in a thin metallic wire by a current of the same 
strength ; and by comparison of the heat evolved in processes of combination accom* 
panied by simultaneons decompositions, with that evolved when the same combination 
<*<*niT* b^ween free elements. 
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m :4nocarfin-~inosite. 

IirdOASVnr* A red colouring matter contained in tho juice of Inocarpua edulit, 
a tree growing in Tahiti. The juice which exudes from incisions in the bark of young 
trees, or the pericarp of green fruits, is colourless, but soon turns red on exposure to 
the air (the juice of old trees is red as soon as it runs out), and dries up to a red 
gummy mass, soluble in water and in alcohol, insoluble in ether. Tho aqueous 
solution mixed with caustic alkalis exhibits a peculiar play of colours when shaken 
up with air. The reddened juice contains also a yellow colouring matter called 
xanthocarpin. (Cuzent, J. Pharm. xxxv. 241.) 

xnroszc ACZO. C*H®N-0*(?) (Liebig, Ann. Ch. Pharm. [3] xxxiii. 129.)^ 
An acid found in tho mother-liquor of the preparation of creatine from flesh-juioe. 
When this mother-liquor is concentrated, then mixed with alcohol till it acquires a 
milky consistence, and left to itself for a few days, it deposits a crystalline mixture 
consisting of creatine, inosate of potassium, inosate of barium, and various substances 
of unknown composition. Tlie crystals are redissolved in hot water, and chloride u{ 
barium is passed into the solution, which then, on cooling, deposits crystals of inosate 
of barium ; and this salt, decomposed by sulphuric acid, yields inosic acid. 

Inosic acid is uiicrystallisable, easily soluble in water, and has a very agreeable 
flavour of broth. Alcohol precipitates it from its aqueous solution. It is insoluble 
in ether. It does not precipitate barium- or calcium-salts, but with copper-salts it 
forms a bluish-green precipitate, insoluble in boiling water. With lead-salts it forms 
a white precipitate ; and with silver-salts, a white gelatinous precipitate, having tho 
aspect of alumina, soluble in nitric acid and in ammonia. 

Inosic acid, heated with peroxide of lead and a small quantity of sulphuric acid, is 
decomposed, and the filtered liquid contains needle-shaped crystals. The inosatta^ 
heated on platinum-foil, decompose, giving off an odour of roast meat. 

Inosate of potassiicm forms elongated quadrilateral prisms, very soluble in w'ator, 
insoluble in alcohol. It gives off 22*02 per cent, of water at 100*^, and the dried salt 
contains 20*7 per cent, potash. The sodium-salt crystallises in small silky needli s, 
veiy soluble in water; insoluble in alcohol. The harhun-salt forms elongated quadri- 
lateral scales, having a nacreous lustre. 3,000 pts. of wat(T at 10*^ dissolve 2*5 pts. 
of this salt; it is insoluble in alcohol. A solution, saturated at 70°, deposits part of 
the salt when raised to the boiling heat. The crystals, dried at 100°, contain 24 o to 
24’8 percent. C, 2*6 H, 11*4 N, 31 1 to 33*8 O, and 3()*4Ba-0; whence Liebig deduces 
the formula C^II"Ba*N*’0*.pr*0. Gorharclt considers the composition to be mon' 
correctly represented by the formula C*IPBaN‘0".3lI'0. Tho crystals efllorcscc ia 
the air, giving off 19*07 per cent, water, 

Inosate of coj)j>er is nearly insoluble in water and in acetic acid; ver}* soluble in 
ammonia. Inosate of silver is sparingly soluble in pure water, and does not blacken 
by exposure to light. 

ZnrOSZTS. Inosin. Phasromannite. (Scherer [18o0], Ann. Ch. Pliarm. 

Ixiii. 322; Ixxxi. 375. — Vohl, i/rid. xeix. 126; ci. 50. — Clootta, ihid. xeix. 280. - 
W. Marm^, fAfc?. cxxix. 222.) — A saccharine substance isomeric with glucose, ilis- 
covered by Scherer in tho muscular substance of tho heart (hence its name, from U, 1 ^ 65 , 
muscle), and since found to exi.st in the lungs, kidneys, liver and spleen of oxen 
(Cloetta), also in the brain (W. Miiller); in the human kidneys and in tho urine, 
ill a ease of Bright’s disease: at most to the amount of 0*1 per ctmt It occurs also 
in several plants, having boon obtained from green kidney beans, the unripe fruit of 
Phaseolus vulgaris (Vohl); from the green pods and unripe seeds of the garden pea 
{Pisum sativum) ; the unripe fruit of the lentil {Krvum lens)^ and of the common acacia 
{llohmia pseudaracia) ; from tho heads of the common cabbage (Brassica oteracea, var. 
cajtitata) ; from the herb of foxglove and from extract of diritalis ; from the leaves and 
stems of dandelion ( Taraxacum den sleonis), not from the Aotots or roots; from the shoots 
of the potato ; from tho green herb and unripe berries of asSlifeigus ; and from two cryp- 
togamous plants, viz. Lactarins piper at ua^ L., and Clavartf^ocea^ Pers. (Marm<^.) 

Preparation. — From organs of the animal body. 1. The muscle of the heart, or 
other organs containing inosite, is exhausted with water, as for the prepanition of 
creatine; the phosphates are precipitated from the liquid by baryta- water ; the filtrate 
is evatwrated ; and the creatine allowed to crystal ise out The mother-liquor is treated 
with dilute sulphuric acid to remove the dissolved baiyta, and, after removal of the 
sulphate of barium, heated as long as volatile acids escape. It is then, in order to 
remove the last traces of volatile acids and of lactic acid, repeatedly shaken up with 
ether as long as anything is dissolved. The liquiil, separated from the ether, is mixed 
with alcohol till a turbidity begins to appear; then, after standing for some time, it is 
|*>oured off from the precipitated sulphate of potassium, and mixed with more alcohol, 
whereby crystals of inosite mixed with sulphate of potassium are obtained. Tlie 
crystals of the former are picked out and dissolved in a sm«aU quantity of warm water, 
which leaves tho more difficultly soluble sulphate of pota.ssiura, and are purified by 
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In tte experimentt of Woods, a yoltaic cnwent was first made to pwa through a 
vessel con taming dilute sulphuric acid, and the quantity of gas evolved in a given time 
was determined, and also the simultaneous rise of temperature, the 'strength of the 
current being measured at the same time by the tangent-compass (ii. 460),. The 
electrolytic cell was then removed, and a thin platinum wire introduced between the 
poles, of such a length as to produce a resistance equal to that of the electrol 3 rte. The 
quantity of heat evolved in this wire was then determined, and found to exceed that 
which was previously evolved in the electrolytic cell, by a quantity equal to that which 
would be evolved by the combination of the oxygen and hydrogen set free by the 
current in the previous experiment. 

Joule made similar experiments on the decomposition of dilute sulphuric acid, sul- 
phate of copper, and sulphate of zinc; and, regarding the difference in the quantity 
of heat evolved when the current traversed a circuit completely metallic, and when the 
metallic circuit was broken by the interposition of an electrolyte, as the heat absorbed 
by the separation of the elements of the electrolyte, he obtained numbers which agree 
very fairly with those found by other experimenters for the heat evolved in the union 
of the same elements, as shown in the following table, which gives the quantities of 
heat evolved or absorbed in the oxidation or reduction of 1 gramme of each metal, 
according to various experimenters. 



Joule. 

Dulon^. 

Andrews. 

Favre and 
Sllberjnann. 

Grassi. 

Woods. 

Copper 

Ziuc . 
Hydrogen . 

694 

1185 

33553 

1297 

34587 

600 

1315 

33808 

666 

1277 

34462 

3*4666 

611 

1307 

1 


The proposition in question has also been confirmed by experiments of another kind. 
Thus, for instance, by determining the heat evolved when different metals were dis- 
solved in water or dilute acid. Woods found that it was loss than that which would be 
produced by the direct oxidation of the same metals, by a quantity equal to that which 
would be obtained by burning the hydrogen set free, or which was expended in decom- 
posing the water or acid; and therefore that, when this latter quantity was added to 
his results, they agreed with the numbers given by experiments of direct oxidation. 
The quantities of heat evolved by 1 gramme of the several metals, when augmented by 
that corresponding to the decomposition of the water or acid, were as follows : — 


Metal. 

Heat by solution of 

1 gramme. 

Metal. 

Heat by solution of 

1 gramme. 

Sodium . 

3293 

Tin . . , 

695 

Potiiasiura 

1745 

Lead 

256 

Ziuc 

1307 

Mercury 

118 

Iron ... 

1204 

Silver . 

96 

Copper . 

611 

Bismuth 

96-5 


tndireet nwthods of determining Heat of Ccymbination. — Assuming the truth of the 
proposition ^at in the decomposition of a compound as much heat is absorbed aa is 
liberated in its formation, it is obvious, from the foregoing examples, that the calori- 
metric effect of a given chemical change can bo calculated if the effects 'hf all those 
which occur simultaneously with it are known. Upon this principle, is merely 

that adopted by Woods in the experiments described in the last paragon, Favre and 
Silbermanu have made a very extensive series of determinations of UR^uantities of 
heat evolved in reactions which could not have been easily investigated directly. Their 
experiments were made with the mercurial calorimeter, and the heat due to a given 
process was in some cases deduced from two distinct reactions. Thus, the heat of 
formation of oxide of zinc was deduced (1) from the solution of metallic zinc in dilute 
sulphuric acid, (2) from the solution of zinc in dilute hydrochloric acid. For the pur- 
poses of calculation, the former reaction was considered as consisting in the formation 
of oxide of zinc, with simultaneous decomposition of water, Zn = ZnO + H*, 

and in the subsequent formation of sulphate of zinc by the action of this oxide on the 
dilute sulphuric acid, ZnO -f H’SO* = H*0 + ZnSO*. The heat absorbed by the 
calorimeter during fhe solution of 1 gramme of zinc was 567*0 gramme-d^prees : this, 
according to the supposition, represented the heat of oxidation of the zinc + the heat 
of formation of sulphate of zinc from anhydrous oxide and dilute sulphuric acid — the 
heat absorbed by Uie decomposition of waU^r. Calling the heat of oxidation of one 
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r^rystallisation (Scherer).— 2. The fresh-chopped tissue is corered with water, and 
Uowfd to stand for 24 hours in a cool place, with frequent stirring; the lit^uid is 
tl *n separat^, and the residue pressed; the solution is heated with a little acetic acid 
t separate albumin and haematin, then strained, evaporated ou the water-bath to one 
teuth, precipitated with neutral acetate of lead, and filtered ; and the filtrate is mixtHi wit h 
Usic ^etate of lead, whereupon inosite is tlirown down in combination with oxide of 
lead accompanied by uric acid, cystine, and other substances. The precinitate, after 
W ishing, is aecomposed under water by sulphydric acid, and the liquid filtered from 
the sulphide of lead ; it then sometimes deposits crystals of uric acid, and when 
•raporated to a small bulk on the water-bath, and inixcil wdth alcohol till a turbidity 
is produced, it yields crystals of inosite (Cl oet t a). AceUite of lead may also bo added 
•U once to the water used for making the extract (W. Miiller). — 3. The liouid from 
which the inosite is to be separated is concentrated by eva|X)ration, and mixe<l, boiling, 
witli three or four measures of alcohol ; if a large precipitate, which sticks to the bottom, 
is thus produced, tlie liquid is poured oft' hot ; but if only a slight, not sticky precipi- 
tate is produced, the hot solution is filtered tlirough a previously heated funnel, and 
left to stand for 24 hours ; crystals of inosite are then dcj)ositcd, and are washed with 
a small quantity of cold alcohol. If the precipitate caused by hot alcohol is dissolvtHi 
ill a small quantity of boiling water, and treatcHi like the first solution, a further 
..uantity of inosite is obtained. In case no inosite separates froii^ the cooled solution, 
the mstallisation may be facilitated by addition of ether until a turbidity remains 
fttbr shaking. (Cooper Lane, Ann. Ch. l*hariii. cxvii. UK.) 

From kidnvij beam and other vegetable. organ,'i.—T\\('. fruit eut up in the bean-mill is 
l.imgina pressing bag for half an hour in ladling water, <»r in steam, whereby it 
!MO»»mea joosslble to press it; the expressed liquid is then evaiHiratc-d to a syrup on a 
w it.T-bath, and alrohol is added till a permanent turbidity is j.rtidueed. 'riie crystals 
whieh form are purified by repeated crystallisation from water, with help of animal 

eliarooal. (Vo hi.) . , r 

Marnu^, after froeing tlie aqueous extracts of the plants aLive mentioned from every- 
thing j)reeipitable by tannic acid and neutral act'tate of lead, ami (hvolorising them as 
''uiiijiletely as possible with milk of lime or animal cliareoal, j»n‘eipitaled them with 
l .isio .uelate of lead ; mixed tlio filtrate with ammonia, when ljy a seeond precipitate 
was oblaiiK'd ; df‘Coisi|y).scd both precipitates W'ith snlphydrie acid; eoneent rated the 
filtrate on tlie water-bath till it bc'camc turhid on addition of alcohol; then mixed it 
uitli a doiilile volume of alcohol ; warmed the li»pii<l till it lua'anu' clear; and left it to 
it^'lf for several days, adding a little ether if iu*eessary, as in ( ooper Line s metluxl. 
'1 In- sulj)hide of lend sometimes obstinately retains small quantities of imisitA*, which 
e.iii only bo removed by Ix^iling with water. 

Vropn'tiee<.~A\\OH\\Q is deposited from its concentrated aqueous solution in crystals 
■ ■-utainiiig 2 at. water, C^Il'20‘'.2ir*0. Aecording to Void, the crystals aro tabular, 
like those of gypsum ; acconling to Scherer, they are ohlique prisms, arrangcsl for the 
roost part in groups like cauliftower-hcads ; accorrling to Cloefta, they nn- right rhoridnc 
i Hsms with angles of 138-520 and 41 Sp.eifie gi-avify = 11 154 at 6''(VohI). 
1:: dry air, in vacuo over sulphuric acid, or at lOd®, they Irecome white amiopaque, and 
g ve off t heir water, leaving anhydrous inosite, C•II‘-’()^ a.s a white efl!oresc<*<l mass, 
''Inch melts at a temperature above 21(»°, yielding a colourless liquid, which solnlines 
iu the crystalline state when quickly cooled, and to an amoqrhous nm.ss when cooled 
f'h'wly, but docs not lose w-eight or undergf) further alteratimi (Selierer). 
inosite separates in white, opcqiie cry'stals from the aqueous solution c<x)lc*a ImUow U . 
ohl). Inosite has a pure sweet taste and no rotatory piiwer. . « .o 

llydraUxl inosite dissolves in 6 pts. water at (Vo hi), lu pts at 24 
’ 1 oe 1 1 a). The concentrated solution, of specific gravity 1 '0548 at 1 9 , is not synipy 
«>id not subject to spontaneous decomposition. Inosite is slightly so uble in cold 
a'pieous alcoholy more soluble at the boiling heat ; insoluble in absolute alcohol and m 
<tker. 

Inosite does not combine with chloride of sodium or chle^ide of pota^ium them 
'"’Its crystallising out unaltered from its arjucous solution. The 

fmsic acetate of lead, a precipitate which appe-ars to contain C H O .2inj O. 
/Iccom/waieions.— 1. After dehydrated inosite has been melteil alxive 210 , it swell* 
when more strongly heated, and evolves gas which burns with a pfile blue flame; it 
'tnerwards charred, and then burns with a brightly luminous flame, leaving an eosi y 
n.bustible cinder (Scherer). When quickly heated, it gives off vaiwurawMch exate 
and produces a smeU of burnt sugar (Vohl).— 2. Aqueous inosite is 
ozone (aorup-Besanez, Ann. Ch. Pliarm. c^ 103).— 3 The 
dilute nitric does not give off nitrous acid till moderately concentrated ^ 

I/ ration to dryness, it contains oxalic acid. The aqueous f^lution of the r^idue, fr^ 
oxalic acid bv carbonate of adcium, deposits on standing magnificent purple-red 

t2 
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gramme of sine x, and ealcnlatitig, from the direct determinations preyionsly recorded, 
the calorimetric effects of the other processes, we have 

X « 667-9 + 1060-4 - 336-5 - 1292-8. 

Similarly, when 1 gramme of zinc was dissolved in dilute hydrochloric acid, 603-8 units 
of heat were absorbed by the calorimeter, and the following equation was obtained to 
represent the heat of oxidation of that weight of zinc : 

X « 603-8 + 1060-4 - 2743 1289-9; 

Heat absorbed Heat absorbed Heat evolved by 

by caioiimeter. by decomposition action of dilute 

of water. hydrochloric acid on 

oxide of zinc. 

a result which agrees almost exactly with the foregoing. 

This number having been obtained, the heat of oxidation of metallic copper could bo 
deduced in a similar manner from the quantity of heat set free when a l^own weight 
of zinc was dissolved in a solution of sulphate of copper. In this w-ay tlio number 684 
teas found for the heat of oxidation of 1 gramme of copper. 

The following table gives the heats of combination of one equivalent of several metals 
with one equivalent of various metalloids, deduced from experiments of this kind: — * 




Units of heat evolrcd by combining with 


Metals. 

8 grammes 

35-S nammea 

80 grammes 

127 grammes 

16 grammes 


oxygen. 

chlorine. 

bromine. 

iudiiie. 

sulphur. 

Hydrogen 

34462 

23783 

9322 

- 3606 

2741 

Potassium 

76238* 

100960 

90188 

77268 

45638 

Sodium , 

73510* 

94847 




Zinc 

42451 

60296 



20940 

Iron 

37828 

49651 



17753 

Copper . 

21885 

29524 



9133 

Lead 

27675 

44730 

32802 

23208 

9556 

Silver 

0113 

34800 

25618 

18651 

5524 


Taking the heat developed in the formation of any given compound as a measure of 
tlie energy of the affinity of its constituents, a certain definiteness and precision of 
meaning are given to such terms as strong and weak, active and inert, which are 
often used in reference to chemical reagents in rather a vague sense ; and on comparing 
the numbers representing the heats of formation of various compounds, they will ho 
found to bear out in a general way the manner in whicli such terms are commonly 
applied. The results recorded in tlio alx)ve table, for instance, 8 (Tvo to explain cer- 
tain facta which have often been quoted as anomalous and opposed to the commonly 
recrived idea that the affinities of chlorine are stronger than those of bromine or 
iodine, and the affinities of bromine stronger than those of iodine. The facts referred 
to are such as these ; the observation of Fehling lliat in the fractional, precipitation 
of a solution containing both chlorides and bromides with nitnite of silver, the whole 
of the bromine is contained in the first portions of the precipitate ; the similar obser- 
vation of Field (Chem. Soc. Qu. J. x. 234), and the decomposition of chloride of 
silver when brought in contact with an aqueous solution of bromide or iodide of 
potassium, described by the same chemist ; and particularly the violent decomposition 
of chloride of silver, attended with evolution of heat, which takes place, as observed 
by Devi lie (Ann. CIi. Pharm. ci. 198), when aqueous hydriodic acid is poured upon it. 

The precipitation of bromide or iodide of silver, to the exclusion of the chloride, in 
cases of fractional precipitation with nitrate of silver, and the conversion of chloride 
of silver into bromide or iodide by contact with an aqueous solution of iodide of 
potassium, may be considered as essentially the same phenomenon. When the latter 
transformation is expressed by an equation, the substances whoso formulas appear in 
the left-hand member of the equation are those which suffer decomposition ; while 
those which are formed appear on the right-hand side ; and on comparing the calori- 
metric values of the several terms, making due allowance for their state of solution or 
otherwise, we find that the sum of the calorimetric values on the left-hand side of the 
^nation is less than the sum of the calorimetric values of the substances on the right- 
hand ; thus indicating that, although the conversion of chloride of silver into bromide 
iodide by simple substitution would be attended with absorption of heat, the com- 
bined effect of tdl the actions which take place in the experiments under consideration 
w to cause an evolution of heat. 

t* T?**?*^ nambert represent the romtstlon of aqueous solutions of poUsb and soda : all tbs rest relW 
w atihydrou* compounds. 
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loiiible in dilute acids and precipitable without altem^on hy ammonia (VohlY 
When aqueous inosite is evaporated nearly to dryness with nitric acid, and the residue u 
moistened with ammonia and a small quantity of solution of chloride of calcium, and again 
evaporated, a rose-red substance remains. This reaction affords a delicate and characteristic 


oil of vitriol precipitates nitro-inosite (V ohl), — 4. Inosite dissolves without color- 
ation in sulphuric acid, either cold or at 100^ ; is not blackened till more strongly beate^ 
and then evolves sulphurous anhydride (Vo hi). It is not altered by boiling with 
dilute acids (Scherer, Vohl). — 5. It may be boiled with concentrated po^asA-%, or with 
baryta-water, without alteration or coloration (Scherer, Vohl). — 6. The aqueous solution 
mixed with cupric sulphate, yielda, on addition of potash-ley, a bluish green precipitate 
which quickly disappears on addition of excess of potash. No cuprous oxide separates from 
the solution in boiling, but a light blue precipitate falls when the liquid is left to stand 
for several days (Scherer). Aqueous inosite yields, when heated with potassio-cupric 
tartrate, a green solution, whence a bulky ^een precipitate separates, the supernatant 
liquid again becoming blue. After removing the precipitate, the filtrate shows the 
same change of colour when heated (Cloetta). According to Vohl, the change of 
colour which occurs on heating the deep azure-blue mixture of inosite and potassio- 
cupric tartrate, is not very striking, and is due, as well as the production of the preci- 
pitate, to the presence of traces of foreign substances. — 7. Inosite is not capable of 
undergoing vinous fermentation (Scherer). In contact with cheese, flesh, or decaying 
membrane, and chalk, it undergoes lactous fermentation, carbonic, lactic, and butyric 
acids being formed, (Scherer, Vohl.) 

iritro-inoslte. = C**H“(N0*)*0®. Inosine Juxnitrique. (Vohl, loc. 

cit.) — This compound is obtained by dissolving anhydrous inosite in nitric acid of 
specific gravity i'52, and precipitating the solution with sulphuric acid. The product, 
which, according to the temperature attained by tlie mixture, separates either as a 
powder or as oil-drops which solidify to crystalline masses, is w'oll washed with 
water and recrystallisod from boiling alcohol. It forms rhombohedrons, often some 
lines in length ; melts to an oil when heated, and solidifies to an amorphous mass 
which becomes crystalline after a few days. It is permanent in air, either dry or 
moist ; insoluble in water, easily soluble in alcohol. 

Nitro-inosite deflagrates without residue when quickly heated, and detonates under 
the hammer. It is decomposed when warmed with concentrated acids. It dissolves, 
with dark brown colour and evolution of ammonia, in cold or warm potash-ley. The 
alka’ine solution precipitates cuprous oxide from potassio-cupric tartrate, and a mirror 
of metallic silver f^pom ammonio-nitratc of silver. Nitro-inosite treated with ocirf, 
ammonia and chloride of calcium, shows the coloration of inosite. 

ZlfSO&Xjrzo ACZO. See Terefuthalic acid. 

ZjrTWTZXrAXi COXSroSaTZOXrs. These concretions are of rare occurence 
in man and in carnivorous animals, but occur more frequently in herbivorous animals, 
•specially in horses. They exhibit great diversity in their properties and composition, 
as well as in their origin. Many owe their origin to an albuminous exudate or blood- 
ooagulum, which is retained in the intestine, and gradually solidified by resorption of 
the soluble portion. These stones consist mainly of coagulated fibrin mix^ with 
calcium-salts and remains of food, and sometimes containing a foreign body as 
nucleus. In a concretion of this kind from the intestine of a child, I>ayy found 
74 per cent, fibrin, 19 per cent, of other organic matters, and 7 per cent, inorganic 
sedts. * 

A second kind of intestinal concretion consists chiefly i»f earthy salts, calcic ph(^ 
phato and carbonate, ammoftio-magnesic carbonate, anC^agtiesic carbonate mixed 
or unmixed with remains of food; such stones often contflB a foreign nucleus. They 
are most frequent in vegetable feeders, especially in horsC^ and often attain a weight 
of several pounds. A concretion from the cacum of a cart-horse, analysed by 
F. Simon, was spherical, perfectly smooth, greyish-yellow, weighed 12 J ox., and con- 
sisted of three layers, deposited round a fragment of granite. All three layers con* 
sisted of ammonio-magnesian phosphate, with a small quantity of alkaline phosphates, 
but no phosphate of calcium. The middle layer exhibited a radiating structure from 
the centre outwards, with woody fibres interposed in like manner amongst the stony 
mass. In 100 pts., Simon found 81*11 ammonio-magnesian phosphate, and 1*8 
cent alkaline phosphates. 

Children examined stones firom the colon of a man, which weighed from 
1,000 grms., and consisted of plum-stones, surrounded by a smooth compact mass made 
up of alternate layers of earthy phosphates and ligneous matter. ^ 

The formation of these stones is due to the precipitation of earthy salts originaUy 


HEAT. 


‘Thiia we We . ^ 

AgCl + KBr 

Caloiimetric values 34800 85678 


AgBr + Kd 
26618 97091 


Sum.: 120478 122709 

therefore: heat evolved in the reaction = 122709 - 120478 = 2231 gramme-degree^ 
AgCl + KI = Agl + KCl 

Calorimetric values 3 4800 72479^ 1 8661 97091^ 

Sums: 107279 115742 

therefore: heat evolved in the reaction = 115742 - 107279 = 8463 gramme-degrees. 
Similarly, for tlie reaction of aqueous hydriodic acid on chloride of silver, we nave , 
AgCl + HI - Agl + HCl 

Calorimetric values 34800 16004 18661 40192 


therefore: heat evolved in the reaction = 68843 - 49804 « 9039 gramme-degrees. 

The heat evolved in a considerable number of processes of oxidation has been in- 
directly determined by Favre (J. Pharm. Chira. [3] xxiv. 241, 311, 412; Jahresber, 
1863, pp. 22 ei acq.\ for the most part by effecting the oxidations in presence of water 
in the mercurial calorimeter, by means of hypochlorous acid, whose heat of formation, 
calculated for one equivalent of chlorine, he found by preliminary experiments to be 
— 7370 units. . . , ,, 

For the details of this investigation we must refer to the original pap ers ; the most 
important results obtained are on follows, calculated always for one equivalent of the 
clement operated upon. 


Yellow phosphorus 
Red phosphorus 
Yellow phosphorus 


Phosphorus . 

Arsenic 
Nitrogen 
Nitric oxide . 

Nitrous acid . 
Sulphurous acid , 
Sulphur (portion of 
flowers of sulphur in- 
soluble in sulphide of 
carbon) . 

Plastic sulphur 
Sulphur (precipitated 
from hyposulphite of 
sodium) . 

Sulphur 

Sulphur 
Selenium • 

„ . . • 

Oxalic acid . 

Carbon . » 


Aqueous phosphoric acid . 

Phosphoric anhydride 
Phosphorous acid 
Ilypoplioaphoroua acid 
Arsenic acid 

Solid opaque arsenious acid 
Dissolved opaque arsenious i 
acid ... I 
Pentachloride . 
Trichloride 
Trichloride 
Nitrous oxide . 

Nitric acid . . . 

If M ^ • • ' 

Sulphuric acid . 


Sulphurous acid (Favre J 
and SUbennann) . J 

Hyposulphurous acid 
SeleniouB acid 
Selenic acid 
Carbonic anhydride . 
Carbonic oxide (Favre and) 
Silbermann) . . J 

Oxalic anhydnde 
Carbonic anhydride (Favre) 
and Silbermann) . { 

Chloric anhydride • 


'8-32, 1*71 





INTESTINAL JUICE— INULIN. «77 

dissolved in the ibod, and their subsequent agglomeration by intestinal mucn% or 

of intestinal concretion consists chiefly of undigested residues of food; 
X stones have usually a woody consistence, and are formed round a foreign body, 
r^er examined a concretion of this kind from the rectum of a man ; it con- 
•3 of a nucleus of bone, surrounded by interlaced vegetable fibres, from whi<^ 
*'ater extracted 14 per cent, of animal matter having a fiecal odour, together with 
rmall quantities of sal ammoniac and chloride of calcium. 

^ Another class of intestinal concretions consists of fatty matters mixed with small 
(uantities of fibrin and calcium- salts. Lassaigne analysed a number of small 
Concretions of this kind voided by a girl suffering from tuberculosis. They containwl 
"4 per cent fatty matters (for the most part free fatty acids, perhaps oleic and 
ste-iric), 21 animal matter, 4 phosphate of calcium, and 1 chloride of sodium. 

Bezoar-stones (i, 684) must also be classed amongst intestinal concretions. (Hand- 
worterbuch d. Chem. 2te Aufl. ii. [3] 374.) 

XKT 28 TZH'A& XirXCS. The mucous secretion of the pouch-like glands of the 
intestinal canal (the Lieberkiihnian glands of the small intestine and the follicles of 
the colon). When viewed by the microscope, it exhibits granulated cells and cell- 
nuclei and, as commonly obtained, likewise small quantities of fat and epithelium. 
When’ filtered from these matters, it forms a tolerably clear, mucous, strongly alkaline 
liquid which does not coagulate by heat, and is not precipitated by acetic acid, nor, 
when mixed with that acid, by chloride of barium. When mixed, however, with eight 
or ten times its volume of alcohol, it deposits white flocks, which dissolve easily and 
completely in water; the solution thus obtained is not precipitated by hydrochloric, 
pult.huric, or acetic acid, or by mercuric chloride, but gives precipitates with the neutral 

and basic acetates of load. ^ ^ ^ t i aaa 

The constituents of pure intestinal juice are the same as those of mucus. In 1,000 
pt8. of the filtered intestinal juice of a dog, Schmidt and Zander found 965-3 water, 
347 solid matter, 9 6 punceratic and intestinal ferments, together with insoluble salts, 
16 6 biliary matters (cholic, taurocholie, and glycocholato of sodium), 6 3 taunne, 
0 7 fat, 37 extr.ictive matter, 0-15 potassium, 1-45 sodium, 2-11 chlorine, 0 03 phos- 
phoric anhydride, 0-06 earthy phosphates. In the intestinal juice from tlie upper part 
of the colon of a man, Busch found from 3*8 to 7-4 per cent. ; Frerichs, from 2-2 to 6-6 

p< r cent, solid matter. . . 

The intestinal juice converts starch very quickly into sugar, and digests albuminous 
mil)8tances, flesh, &c., though much more slowly than the gastric juice. (Hanawor- 
t^ rbuch d. Chem. 2te Aufl. ii. [3] 373.) 

JMXTLTK, Hdcnin, Alantin, Menyanihin, Dahlin, Synanthenn^ 

Siiiistrin. — A substance isomeric with, and similar in its properties to, stawh, dis- 
covered by Valentin Rose in 1804. It appears to be a very widely distributed consti- 
tm nt of plants, and is found especially in the roots of elecampane {Inula Hdentum), 
dandelion {Taraxacum dens leonis), chicory {Cichorium Jnlyhvs), feverfew ( yre rum 
TarthnnumY and meadow saffron {Colchicum auiiimnalt ) ; in the tubers of t le po a o, 
the dahlia, and the Jerusalem artichoke {Helianthus tuI>erosus) in 
(from Eucalyjitus dumosa), and probably in the seeds of the sun-flower (//< t(tn 
nnfiuus), and in certain lichens, viz. Liidun fraxineus and lAxhenfasttywtus. 

Preparation. — a. From Mccamvanc-roots. — The roots are boiled with a urge q • 
tity of water, the decoction is evaporated, the extract exhausted with cold wafer and 
the inulin which remains undissolved is washed (Gaultier, ‘ 
roots are exhausted with hot water in a percolating apparatus ; the concen . 

Bi.m is evaporated to 10^ or 12° Bm. and ^i.»h ^pta alcohol ; and 

thereby precipitated is purified by reprecipitation with aleoh^ from ita conce^^ 

»s>lution, and decolorised with animal charcoal (T hi haul t^ ^v^^*r** AlAAhrd 

inulin prepared from elecampane-roots is extracted by boiling i 

(C’roock wit.) . «. i * : 

*. From Piialor* or Dahlia-tuher,.--l. The pulveralent depomt which 
l|io cold from the ezpremed juice of potatoes is dissolved in hotwa 
'»n is aiterod, crapiroted, and left to cool. »he«upon it^dep^^.nulin (BraeonnotjL 
-2. The nearly transparent juice expressed from ^ha-tnl^ which 

f«nie hours, whereupon it solidifies, from t* tiS^^rnbbcd 

;• to l« w^ihed and'dried (Ludwig, N. Br. Arch. 82. 163).-8. D.hha-tub.W 
to a pulp are washed on a hair-sieve in a thin stre^ of . * .tandhask 

eontinnes to run through milky, and the inulin which 

«>llected : or in case it is slow in settling down, the turbid liquid is htotM M 
the coagulated vegetable albumin is skimmed o^ and the reniaini^ liquM It 

; it then, at&r a few days, deposits a thick pulp easy to wash (Liahig, AM. 
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It is obTious that, even supposing the principle upon which these indirect deter* 
minations are made to be quite correct, and all the interfering circumstances to have 
been taken into account, the results arrived at cannot be of the same degree of accuracy 
as those obtained by more direct methods : for the total uncertainty attaching to ail 
the independent data from which they are deduced will be accumulated upon them. 
Moreover, although a comparison of the heat of chemical action, as determined directly, 
with that deduced indirectly, generally shows, in the simple cases in which it is possible 
to institute such a comparison, a degree of agreement which may be taken as a con- 
firmation of the correctness of the principles whereby the calculated result is arrived 
at, and as proving that, at least in these cases, no modif 3 Mng circumstance of any groat 
importance has been overlooked in the calculation, still it cannot be considered as proved 
by existing experiments that the cold of decomposition is always equal to the heat of 
combination. On the other hand, it seems probable, on general grounds, that the 
calorimetric effect of a given chemical process is not an absolutely constant quantity, 
but that it is to some extent dependent on accompanying physical conditions. In 
particular, it seems likely that it must vary more or less with the temperaturo at which 
the chemical action takes place, and therefore — to take a particular example — that tho 
heat evolved by the combination of mercury with oxygen, at a comparatively low tem- 
perature, is not equal to tho heat absorbed by tho decomposition of oxide of mercury at 
a higher temperature. The equality of these two quantities of heat would involve also 
the equality of the specific heat of oxide of mercury with the sum of the specific heats 
of its elements; otherwise, the quantity of heat needed to raise the temperaturo of a 
given quantity of mercury and oxygen from the ordinary temperaturo to a temperaturo 
ul)Ove that at which oxide of mercury is decomposed, would be difierent, if the two 
substances remained uncombined during tho process, from what it would bo if they 
first entered into combination and afterwards separated again ; and since tho final con- 
dition of the mercury and oxygen w'ould bo tho same in each case, tho difference 
between the quantities of heat would have disappeared without producing any apparent 
effect. lu the particular case that ha.s been taken ns an example, it is possible that 
the specific heats of the elementary bodies aro together equal to tho specific heat of the 
compound, or that the difference may bo compensated by tho difference in tho latent 
heats of vaporisation of oxygen at the temperaturo of combination and at that of de- 
eonqx>silion. But, althougli this may be the case, experimental proof that it is so is 
still wanting; and even if it wore affbixled here, or for any otlier particular substance, 
there would still not be sufficient warrant for assuming as a generally established fact 
tluit the cold of decomposition is equal to the heat of combination, independently of tho 
conditions under which these procc.s.scs respectively occur. In connection with these 
Considerations, it is perhaps worth while to draw attention to the fact that tho heat of 
combustion of hydrogen, deduced by Joule from the electrolysis of water at the ordinary 
temperature, is decidedly less than that found by other experimenters who determined 
directly the heat of combustion at a high temperature (see p. 11 1). These experiments 
are pt-rliaps not sufficiently comparable in other respects to justify us in uttaching 
much importance to this re.sult ; but, taking it as it stands, it is in harmony w’ith tho 
f.u t that tho specific heat of water- vax>our is loss than tho sum of the specific heats of 
its constituents. 

The laws b^' wliich Thomsen considers that the dcv<*lopment of heat in chemical 
action is governed, appear to involve views similar to those above explained. Tho 
fundamental projxjsitions apsume<l by him are as follows ; — The intensity of the 
chemical energy of tho same body at a constant temperaturo is unchangeable ; tho 
w'hole quantity’ of heat developed in a ^ven chemical action is a measure of the chemical 
energy therein exerted, and is proportional to the diffi rtmee between the total chemicai 
energy of the reagents and the total chemical energy of the products. 

JL at produced by Cheiuicul composition . — There uro a few phenomena which are, 

at Ica.st apparently, exceptions to the general rule that heat is evolved in combination 
and absorbed in decomposition. It was found, for instance, by Favre and Silbermann, 
that charcoal evolves more heat by burning in nitrons oxide than by burning in pure 
oxygen. The excess of heat in this case could only be due to heat evolved in the 
dworaposition of the nitrous oxide, and direct experiments proved that this decompo- 
sition was attended with evolution of heat. They found further that heat is produced 
decomposition of fteroxide of hydrogen by platinum, and from the exfieriments 
of bavre, already recorded, it appears that heat is ab8orbe<l in the oxidation of chlorine 
to hypochlorous or to chloric acid. Perhaps these and similnr phenomena may b« 
brought into harmony with the general rule, by taking into consideration the evolufion 
of heat due to the combination of two similar atoms to form a molecule, and tho 
con^iiponding absorption of heat due to the separation of the atoms constitutiDg a 
of an elementary body. 

The infiuenec of high temperature in promoting chemical action— as, for instanco 
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-Pham. 2, 285). — 4. Dahlia-tubers rubb^ to a pulp are washed with cold Water on a 
linen or woollen cloth ; the residue is boiled for half-an-hour with 2 pts. water and a 
small quantity of chalk ; the liquid is expressed ; the extract, a^r being decolorised 
with animal charcoal and clarifi^ with albumin, is evafwrated till a film forms on it; 
and the inulin which separates on cooling is washed with cold water, and purified bjr 
solution in hot water and cooling. (Pa yen.) 

Famell uses peeled and washed dahlia-tubers, boils them for an hour and a half 
with 6 pts. of water, and purifies the inulin which separates from the evajporated 
extract by precipitating its aqueous solution with alcohol Croockwit purifies the 
inulin thus obtained by boiling it with alcohol 

s. From Dandelion-roots. Obtained in the same way as from dahlia-tubers. (Witt- 
stein, Repert. 71, 362; Herberger, Repert. 62, 399). 

d. From Chicory-roots. The aqueous decoction is precipitated by neutral acetate 
of lead; the filtrate freed from lead is evaporated till a film forms on the surfeee; 
and the inulin which separates from it is purified by precipitating its aqueous solution 
with alcohol (Woskresensky.) 

e. From Lerp-manna. The substance is exhausted with boiling alcohol ; the residue, 
consisting of starch, cellulose and inulin, is well boiled with water, and the inulin] 
which separates from the filtered extract on cooling, is collected and washed till the 
wash-water no longer exhibits the reactions of starch. (Anderson.) 

Properties . — Inulin is a soft, white, tasteless, inodorous powder, resembling starch, 
When dried on glass or porcelain, it forms a translucent, brittle, dazzling white mass, 
which swells up in water. Specific gravity = 1-356 (Payen), 1-462 (Diibrun- 
faut). It is very hygroscopic, and sticks to the teeth and to moist paper. It exhibits 
l»vo-rotatory power = 34° 42'. (Dubrunfaut, Compt. rend. xlii. 803.) 

Most of the analyses which have been made of inulin agree nearly with the for- 
mula Woskresensky, however (J. pr. Chem. xxxvii. 309) obtained 

quantities of carbon and hydrogen much too large for this formula : he accoi-dingly 
represents inulin by the formula (or C*^H“*0**), and supposes that the inulin 

analysed by other chemists must have undergone partial oxidation; but the near 
accordance of most of these analyses renders this view improbable. 



Calculation. 

Payen, 

at 1500. at 170°. 

Mulder, 

at 120°. at 120°. 

Parnell. 

air*drled« 

6 C 

• 72 44*44 

44-55 

44-19 

44-13 

43-8 

4^37 

10 H 

. 10 6-17 

6-12 

6-17 

6-19 

6-2 

6-40 

6 0 

. 80 49-39 

49-33 

49-64 

49-68 

50-0 

50-23 

(3®H'®0* 
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100-00 

100-00 

100-0 

100-00 

C 

Croockwif, 
at 120®.-! 60°. 

/• g’ 

. 43-37 43-48 

W«)ii\rP8cnRkv, 
at 100°— 12 . 0 . 

A. 1 . 

52-18 49-59 

Anderson, 
at 160°. 
k . 

44-03 

Dubrunfaut, 
at KXP. 

1 . 

44-32 

H 

, 6-23 

6-25 

6-86 

6-86 

6-30 

6T9 

0 

. 60-49 

50-27 

40-96 

43-55 

49-67 

49-49 


100-00 100-00 

10 0-00 

100-00 

100.60 

loo-bo 


fl, 5, from Iceland moss ; c, from dandelion-root ; ef, from elecampane-root ; e, f, y, 
from dahlia-tubers; A, from chicoiy-roots ; i, from dandelion-roots (partially oxidised); 
k, from lerp-manna. 

Inulin, immersed in cold water, or exposed to moist air, absorbs water, and crumbles 
to a dull-looking powder, consisting of hydrated inulin^ Q‘*IP®0 ’*.311^0. 

Inulin dissolves very sparingly in cold water, freely in boiling water, but the 
solution does not form a jelly like that of starch ; it is idWuble in alcohol, which also 
precipitates it from its aqueous solution. It dissolves witjWrown colour in strong sul- 
phuric acid, and is precipitated therefrom by ammonia, buTnot by water or alcohol. It 
18 insoluble in hydrochloric acid, and in cold glacial acdic acid, but dissolves in the 
latter when warmed.* The ^ueous solution is not precipitated by chlorine-water, but 
forms a white precipitate with infusion of galls. 

• Inulin absorbs 8 per cent, ammonia, and dissolves in cold aqueous potash, forming a 
solution which leaves on evaporation a nearly colourless gum, and when mixed with 
acids, deposits, after a while, unaltered inulin. 

Inulin dissolves in aqueous cuprammonia (an ammoniaeal solution of cupric oxide), 
Without previous tumefaction (Cramer, J. pr. Chem. Ixxiii. 16), the solution yielding 
After a few hours, a copious blue amorphous precipitate, insoluble in water and in am- 
monia, soluble in tartaric and nitric acids (Schlossberger, J. pr. Chem. Ixxiii. 373). 
Jt dissolves gradually in aqueous nickel-ammonia, (Schlossberger.) 

. The aqueous solution of inulin forms a white precipitate with barytorwatcr, and with 
diloride of barium mixed with potash. 
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between oxygen and hydrogen, which combine when heated, bnt are without action on 
each other in the cold — id not an exception of the kind here referred to. It is rather a 
thermometric than a calorimetric phenomenon ; high temperature being a favourable 
condition for chemical action in these cases, hut in no way its cause. At very low 
temperatures chemical action appears in all cases to be much retarded : as one illus- 
tration, it may bo mentioned that when liquefied ammonia, cooled to about — 66°, is 
poured upon concentrated sulphuric acid, the two liquids form separate layeM, and for 
some time no action takes place between them (Loir and Dri on). Phosphorus and 
iodine, which combine energetically and with vivid combustion at common temperatures, 
may be shaken together in a tube cooled by a freezing mixture, without exerting the 
slightest action on each other. 

5. Belationa of Heat to Electricity, 

Sleotrtolty produced by Seat. — Pyro-electricity developed in CVysfo/s.— To what 
has been already said on this subject in the article Electhicity (ii. 411) we have only 
to add the results arrived at by G-augain (Ann. Ch. Phys. [3] Ivii. 6) in reference to 
.the pyro-elcctricity of tourmalines. He finds that this phenomenon obeys the following 
laws : — (1.) When any number of tourmalines are united by their poles of the same 
name, they form a battery which produces, under any given circumstances, a quantity 
of electricity exactly equal to the sum of the quantities which the several -tourmalines 
would produce separately under the same circumstances. 

(2.) When several prisms of equal section are superposed, the quantity of electricity 
developed by the combination is merely e^ual to that which would be furnished, under 
the same conditions, by any one of the prisms taken separately. 

(3.) The quantity of electricity produced by a prism of tourmaline is proportional to 
its sectional area, and is independent of its length. 

(4.) The quantity of electricity wliicli a tourmaline dcvelopes when its temperature 
is lowered a given number of degrees, is independent of the length of time in which 
the cooling is effected, 

(6.) When a tourmaline is heated a given number of dcOTees, the quantity of elec- 
tricity developed is precisely the same as that which woiud be produced if it were 
cooled to an equal extent. 

Gaugain finds that the develojiment of electricity, consequent on the alteration of 
the tomperaturo of a tourmaline, is very much more marked if one pole of the crystal 
is placed in electric communication with the earth, than when the crystal is completely 
iusulated. 

l^ermO’^Electricity . — When two bars of dissimilar metils are soldered together at 
each end, a current of electricity generally circulates through the circuit formed by 
them, as long as the two soldoring points are at different temperatures. The electro- 
motive force developed at each joint is a function of the temperature, which, in 
the cases that have been specially examined, may be represented by the formula 
+ bt where t is the temperature, and 6, and c are constants depending on 
t he nature of the metals used. Consequently, the resultant electromotive force, when 
I lie temperatures of the joints are i and t respectively, may be represented by 

« - E-E~ + + 

which shows that the current vanishes not only when the joints are at the same tem- 
perature, or when t =* but also when the sum of their temperatures attains a value 

that is constant for the same pair of metals, — that is when ^ (Avonarius, 

Pogg. Ann. cxix. 406, 637.) 

produced by Bleotrlolty. — The laws regulating the devilment of heat 
I ^ j sudden discharge of frictional electricity, or electricity of high tension, have 
already been treated of in the article Electricity (ii. 396), and in the same article 
^p. 470) It has been shown that the heat produced by a continuous current of electricity 
IS the exact equivalent of the chemical action whereby the xurrent is generated. In 
the application of this rule, the total chemical action throughout the circuit most be 
token into account, electrolytic decomposition being counted positive or n^^tive accord- 
ing as the direction of the current which would be generated by it, were it to take 
plaw i^epeudently of the battery, is the same as that of thp battery or the contrary. 

As zurtnQr explained in the article referred to, the heat developed in the unit of time by 
an electric current is related to the intensity of the curreut and to the resistance of 
the circuit in the manner expressed by the formula : 

PR, 
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It do«« not precipitate aqueous acet^iU of Uad^ either neutral or basic, but with a 

I tion of the neutral acetate containing ammonia, it forms a white precipitate con- 
uining quantities of lead-oxide varying in amount from 51*23 to 32*43 per cent. It is 
^t p^pitated hj ferrous, ferric, or cupric sulphate, mercuric nitrate, nitrate qf silver, 
or chloride of gold. 

J)eeomposit%on8,'—l. Inulin heated above 100® melts, with colouring and loss of 
weight, is converted into a pitchy, sweetish substance, very soluble in water 
rB^connot), insoluble in water and in alcohol (Pa yen). By dry distillation it 
yields acetic acid, having a brown colour, but free from oily matter. When thrown on 
fflowing coals, it emits the odour of burnt sugar.— 2. Heated with water to 100®, it is 
&owly but completely converted into non-cry stallisable, Imvo-rotatoiy, fermentable 

^ 3, By boiling with nitric acid, inulin is converted into malic, oxalic, and 

acetic acids, but not into mucic acid. Its solution in fuming nitric acid is not pre- 
cipitated by water. — 4. When heated with strong sulphuric acid, it turns yellow, then 
brown, and is ultimately carbonised. —6. By dilute acids, eit her hot or cold, inulin is 
converted into sugar, without evolution or absorption of gas.— 6. Aqueous arsetiic acid 
dissolves inulin, with aid of heat ; after continued action, the cooled solution no longer 
deposits inulin, but leaves, on evaporation, a rose-coloured mass, which afterwards be- 
comes darker, and finally black, grape-su^ being first formed, afterwanls formic and 
ulmic acids.— 7. Oxide of lead converts inulin wholly or partially into glucic acid, 
which, if afterwards exposed to the air, is changed into apoglucic acid. A ^rm 
aqueous solution of inulin reduces other salts of lead, also those of copper and silver. 
When an ammoniacal solution of acetate of lead is precipitated by aqueous inulin, the 
tiltrate separated from the white precipitate deposits spangles of lead after a few hours, 
and contains formic acid.— 8. Inulin is not fermentable. Neither its rotatoiw power 
nor any of its other properties is altered by diastase. — 9. It is digested m the 
stomach, and does not pass, as inulin, either into the urine or into the fjeces. 

Inulin is distinguished from starch by its reaction with iodine, which imparts to it 
only a fugitive brown colour; by its solubility in aqueous cuprainmonia, by its power 
of reducing certain metals from their solutions; and by its inaltonibility under the 
influence of ferments. fi-Ti-xn 

XOSACBTZC AOl®. C^H‘10’ = (Perkin and Duppn, Phil 

Miiir f 41 xviii. 64.1 — This acid is obtained, ns an ethyl-compound, by the *<tt'oi> of 
iodyeofix-lassium on bromactote of ethyl diluted with three >■“"*"“7. 
the mixture being digested at 40° in the dark 7 about two hours, and the i^aeeho 
ether then distilled off. To obtain the free acid, the ether is oonvertod into a barium- 
salt by digestion with hydrate of barium ; this salt is decomiios. d by cautious addition 
of sulphuric acid ; and the filtrate is crystallised in a vaeuuni. 

loihicetic acid forms thin, tough, colourless, rhorabohcdral 1 ’’“^“' iS 
taste, and not deliquescent. It melU at 82°, with slight decomisisiUon, “"f * 

again at 85°. It is decompose^ like bromacetic acid, by moist oxide of siher, with 
formation of glycollic acid : 

c*H*io* + Agiio « Agi + c*iro*. 

lodacctate of Ammonium is very soluble, ervstaUine, »"<! 'ts cw- 

fvtttuium-mXt exhibits similar properties. Ihe hartum-onX ■, > 

U^lline, moderately «ilublo in water, and p^ip.tated ^ 

crystallises in prisms, hut easily splits up in solution into 10 iy 

C^H'IPbO’ + H’O = PM + C’H'O*. 

todacetaU of Ethyl is an oily liquid, hearier than water, 
odour. lodacitaU of Amyl is oUy, heavier than water, has the odour of pears, and gtv e. 

off an irritating vapour. « t t \ 

AAtd C*H*I*0’. (Perkin and Du ppa, Chem. Soc. Qu. J. *•) 

-The ethyl-oomimund of this acid, obtained by T*** it^e; 

with iodide of potaasium, ia converted into a calcium- exceaa * and tha 

X-teste. ’ It doe. not l,li-« th. 

The diAodaeHatet are slightly yellow, 

potassium and aodinm-salts, which are heated The caWuDHalt 

foniis rhombohedial crystals, which ^Tfae Ua^Xt, C»H»IPW)’, is 

•onus yeUow silky ueciea, also decoropowd by hesf. The tcmt-ssii, u « , 
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F^m this itibllowB that, by diminiBhing the distance of the circuit, the electro-motive 
force remaining the same, the total heat, H, can bo augmented indefinitely, the inten- 
flity, and therefore also the chemical action in the battery, increasing in proportion 
to the diminution of resistHnce. But in any single jwrtion of the circuit, vrhose resist- 
ance is r, the development of heat will attain a maximum for a particular value of r. 

The heat produced in this part will in fact be A =» /•> = — the value of 

which last expression reaches a maximum when 7? = r, being the constant resistance 
of the remainder of the circuit, including the battery. II unco, in order that as largo a 
quantity of heat as possible may bo generated in a given time in the conducting wire, 
the resistance r of the conducting wire must be made oquail to the permanent 
resistance B of the remainder of the circuit. And, since the heating power of 
the current represents its total energy, it follows that the same proportion between 
the external and internal resisttneo ui* tlie circuit is the most advanhigoous that can 
be adopted for causing the current to produce cluinges of any other kind outside the 


battery. 

Thermal phenomena of a particular kind occur wlicn an electric current, instead of 
traversing a homogeneous conductor, passes from one substance to anotlier. Then, in 
addition to the development of heat corresponding to tlie resistance of the conductor, 
Hcconling to the laws stilted in the last paragraph, ji further development or absorption 
of heat takes phice, depending upon the direction of the current. If the current crosses 
the point of junction of two dissimilar portions of the circuit, in tlie same direction us 
the thermo-electric current which would be gonerate<l by the application of heat to this 
point, then the heat developed there is less than corresfMjnds to the resistance of that 
portion of the circuit, or, in other words, heat i.s absorbed; if the current passes the 
point of junction in the opposite direction, the heat generated is more than what cor- 
responds to the resi stance. 

With a junction formed of the same two metals, the development or absorption of 
heat thus occasioned is proportional to the intensity of the current by which the junc- 
tion is traversed. With combinations of ditbTcnt metals, the extont to wiiich this 
phenomenon occurs varies with the positions of the metals in the thermo-electric 
series (ii. 412), being greatest for those combinations which give the most intouso 
tliermo-electric currents. 


64 Belatiom of Heat to Mechanical Energy, 

In preceding parts of this article, wo have seen lliat increase of volume and of elastic 
force are among the most universal of the effects of heat. In this way heat is ctnisbintly 
pnHlucing motion, and when this motion i.s concentrated in a given solid body, and a 
definite direction is given to it, as in the steam-engine, heat becomes by far the most 
important artificial source of mechanical power that wo possess. Conversely, innumer- 
able familiar facts supply u.s with illustrations of the production of heat at the expense 
of mocliaiiical work. Thus, in all machines there is a certain loss of mechanical 
energy, the work performed by the machine never representing the full equivalent ot 
the work needed to drive it. That portion of the mechanical energy supplied to the 
machine which is wasted, so far as the performance of useful woi*k is concorniHl, is 
e.\pended in overcoming the passive resistances by which the motion of tlio m.'ichine is 
oppo.sed ; such, for instance, as friction between contiguous surfaces not moving with 
the same velocity, or the rigidity of straps or cortls used to transmit movement from 
one part to another. But, whenever motion is produco<l in opposition to friction, or a 
rigid body is forcibly bent, heat is generutwl ; tlie meclxanical energy expended in pro- 
ducing these effects is lost to the purposes of the machine, but the h«*at evolved is its 
representative. Percussion is another means by which mechanical energy can be de- 
stroyed and heat generated in its stead. These an«l similar facts have long attracted 
the attention of philosophers, and great iraixortance has been attached to them in re- 
ference to most of the theories that have been suggested from time to time to explain 
the nature of heat and the effects which it produces. The following is a quotation 
from B track’s Lectures on Chemistry (vol. i. pp. 31, 32), and relates to Bacon s 
investigations into the nfiture of heat contained in his treatise De fornid Calidi: - 

“ The only conclusion, however, that he (Lord Verulam) " is able to draw from the 
whole of his facts, is a very general one, viz. that heat is motion. 

“This conclusion is found^ chiefly on the consideration of several moans by which 
h^t is produced, or made to appear, in bodies ; as the percussion of iron, t ||0 friction 
of wdid bodies, the collision of flint and steel. 

“The first of these examples is a practice to which blacksmiths have sometimes 
*^oourse for kindling a fire ; they take a rod of soft iron, half an inch or less in thick- 
”^**vf**^* laying the end of it upon their anvil, they tom and strike that end very 
quickly on its different sides, with smart blows of a hammer. It very soon becomes 



m lOD ACETYL— lODAMIDES. ^ 

obtained as a crystalline precipitate by adding a solution of the s^um-saH to acetete 
of lead, both being largely diluted. The w/wr-salt, prepared in like manner, him a 
yellow crytttalline powder, which, when gently heated, decompoaes with slight exploedor i 
and evolution of iodine. # 

Di4odacctate of Ethyl, is a yello^sh liquid, having a jmngent^ ' 

burning taste, and extremely irritating odour. It is insoluble, or nearly so, in watw. 
Ammonia rapidly converts it into di-iodacetamide, N.H*.C*HI*0, which is a pale 
yellow substance, sparingly soluble in water. 

ZOBACBTTlb. C-H*IO. — The radicle of iodacetic acid. ^ 

ZOBAIm C*HI*0 = C^PO.H. Hydride of Tri4odacetyl (i. 34). — ^This com- 
pound is said to be obtained by adding iodine to a mixture of alcohol and nitric acid. 

The iodine rapidly disappears, and an oil separates which may be purified by agitation 
with water and distillation over chloride of calcium. It begins to boil at 26®, but the 
boiling point gradually rises to 116®. Potash converts it into iodoform (Aim4, Ann. 

Ch. Phya. [2] Ixiv. 217). Johnston (Phil. Mag. [3] ii. 216) obtained, by a similar 
process, an oily liquid which boiled at 110®, but decomposed and turned brown at 
the same time. Johnston regarded the product as iodate of ethyl (see Gm el in’s 
Handbook, ix. 186). Schoonbroodt (Bull. Soc. Chim. de Paris, 1861, p. 109), by 
adding hypochlorite of potassium to an alcoholic solution of iodine till the latter was 
decolorised, obtained a copious precipitate consisting of small shining needles, easily 
soluble in water, sparingly in alcohol, and resolved by potash-ley into formic acid and 
iodoform: hence it was probably iodal. 

ZOBAMZBE8 and ZOBAMMOVZUM8. Under these terms may be included 
’ a number of compounds, mostly of an explosive character, produced by the action of 
iodine on ammonia. The composition and properties of these products vaiy according 
to the mode of preparation adopted. 

I. Zodamidea. By digesting io<linc in excess of aqueous ammonia ; by adding 
a laige excess of aqueous or alcoholic ammonia to a saturated solution of iodine in 
alcohol, and then diluting with water ; by adding ammonia to a solution of iodine in 
nitro-muriatic acid (which contains protochloride of iodine, ICl) ; or by decomposing 
the explosive compound called chloride of nitrogen, with iodide of potassium — a 
black powder is ppocipitnted which when dry is violently explosive. It must be 
collected on a filter, and washed with water; and to guard against accidents in drying, 
it is advisable to divide the filter, with the moist precipitate upon it, into small pieces, 
and expose them to warm dry air at considerable distances from each other. Or the 
precipitate may ho dried under a receiver filled with ammonia gas, in which case, 
according to Millon. there is no fear of explosion. 

The product obtained by cither of them^ processes, commonly called iodide of 
nitrogen, is a brownish-black soft powder, which when dry explodes from the 
slightest cause, prvxUicing a loud report and destroying any solid bodies that may bt 
near it. The explosion is attended with a faint flash of violet light, nitrogen being 
set free as gas, and iodine in the form of very fine powder. It may be exploded by 
friction, even under water, and in the dry state can scarcely be touched without ^ 
exploding, the slightest elevation of temperature, and even the friction produced by 
sliding over the surface of smooth paper, being sufficient to explode it. 
moist, it decomposes slowly in contact with the air, yielding nitrogen, iodic 
and hydriodic acid: A similar decomposition is produced more rapidly by 
water, or by alkaline solutions. Sulphydric acid decomposes it, producing hydril^O 
acid, ammonia, and a deposit of sulphur. With sulphurous apid, it yields io^de of 
ammonium, hydriodic acid, and sulphuric acid. Bromine~wdt^ decomposes it instan- 
taneously, chlorine more slowly : strong nitric anc2 attacks ilgriolently. (Gladstone.) 

This description applies to all the products obtained the processes above- 
mentioned; nevertheless, these products are not absolutely^entical in composition; ^ 
but they all appear to be iodam ides— that is to say, ammonia-molecules having the 
hydrogen more or less replaced by iodine — combined in some instances with ammoiiia 
itself. Gay-Lussac regarded the product of the action of iodine on ammonia as a com- - 
pound of iodine and nitrogen alone, in fact, as tri-iod amide, NI*, and, according 
to recent analyses by Stahlschmidt (see p.281), this compound does appew to be 
formed under certain conditions ; but repeated experiments by several <^emi 8 t 0 havo 
shown that the explosive compound thus produced frequently also contains hydrogenj 
for when portions of it in a state of perfect dryness are repeatedly exploded 

under a bell-jar, iodide of ammonium is deposited on the sides of the vesseL 

According to Millon (Ann. Ch. Phys. [2] Ixix. 78), the compound ia moBO- 
ioda mide, NH*I, and the decomposition just mentioned takes place as rsfiareseiitedby 
the equation: 

2 NnT - NHH + I + N. 


120 HEAT. 

red hot, and can be employed to kindle shavings or wood, or other very combustible 
mutter. 

“ The heat producible by the strong friction of solid bodies, occurs often in some 
paiis of heavy machinery, when proper care is not taken to diminish that friction as 
much as possible, by the intc'rposition of lubricating substances ; as in the axles of 
wheels that are heavy themselves, or heavily loaded. Thick forests are said to hare 
taken fire sometimes, by the friction of branches against one another in stormy weather. 
And aavages, in different parts of the world, have recourse to the friction of pieces of 
wood for kindling their fires. .... 

“ The third exanudo above adduced in the collision of fl,int and steel, is universally 
known. 

“ In all these examples, heat is produced or made to appear suddenly, in bodies 
which have not received it in the usual way of communication from others, and the only 
cause of its production i^ a mechanical force or impulse, or mechanical violence." 

From these and many other similar phenomena, it is abundantly clear that, by the 
expenditure of heat, meehanieul work can be effected, and that heat can be produced by 
the expenditure of work. Dismissing, therefore, for the present, all considerations as 
to the ultimate nature of heat, we may say that heat and work are mutually convertible, 
and we have in tliis section to consider the conditions which regulate the transformation 
of one of these forma of energy into the other. 

Work produced, by Seat. — The mcasiire of the work done by heat, when it 
causes expansion, is obviously the product of the resistance overcome into the space 
through which the expansion takes place; that is, if r denote the resistance, and v and v' 
the initial and final volumes of the body which undergoes expansion, the work done by 
the heat will bo represented by 

A = r(t>' — <;). 

In estimating the resistance by which the expansion of a given body is opposed, it is 
needful to take into account, not only the external pressure upon its surface, but also, 
as has been already pointed out (pp. 40 and 73), tlie molecular forces which tend to 
maintain unaltered the relative positions of its ultimate particles. The work, per- 
formed by heat when it causes expansion, must therefore bo considered as made up of 
the interned work^ a,, performed in opposition to internal molecular forces, and the 
external work, expended in overcoming external pressure. In solid and liquid 

bodies the nitio, of tlio internal to the external work is very considerable, but in a 

perfect gas, the resistnneo to expansion arising fi’om the mutual attractions of the 
molecules is insensible, and therefore also the expenditure of work in overcoming this 

resistance is insensible : hence, in this case ~ = 0, or Oo *= A, But since it is tho 

external work only which is available fur the production of external effects, tho con- 
sideration of the transformation of heat into meehanieul energy is much simpler in the 
case of gases than in that of liquid or solid bodies ; it is further much tho most 
important practically, for although the heat employed in the performance of int^^rnal 
work upon solids or liquids is not necessarily lost ultimately, it is, for the time at 
least, totally unavailable. Wo may perhaps compare the transformation of heat into 
work with the commercial transformation of labour into wealth : then, a perfect gas 
will represent a medium of transformation comparable with an industrial process which 
requires no previous expenditure on the part of the workman to enable him to exchange 
his labour for wages ; while a solid or liquid will represent a medium of transformation 
comparable with a process wliich can only bo curried out hy the prev^rik investment 
of a considerable capital. Tho capital thus ^^sunk" may be realis^ again at some 
future time, but it represents a certain quantity of labour, which, foM^ time being, 
cannot be transformed into wealth. 

In order that work may be continuously performed by heat, it is not enough that a 
portion of air or other gas should be expanded once for all in a cylinder closed by a 
piston, or in any other similar apparatus. It is true that motion would be thus pro- 
duced, and that this might be the full equivalent of the heat expended, but tl^ process 
would soon come to an t nd. Practically, the extent to which a gas can be expanded 
so as to produce motion, is very limited, both by the size of the apparatus that can be 
used^ and by the temperatures that are attainable. In order that the process may be 
continuous, the action of the maeliine, by means of which the transformation is effected, 
must be periodic: after a certain cycle of changes, all its parts must return to the same 
platiyo positions and condition as they had at fiwt^ and the air or gas must return to 
its original pressure and temperature. Such a cycle might evidently be repeated inde- 
finitely, and if any transformation of beat into work were effected by it, the same 
kmount of transformation woxdd take place each time the cycle was completed. At 
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NH»I 


NP + 3HCI « 
NHP + 2HC1 = 
NIPI + HCl « 
+ mV + HCl 


Bineau (ibid. TS] xv. 71), by detennining the quantities of hydriodic acid, ammonia, 
.nii nitrogen produced in its decomposition by sulphydric acid, was led to adopt the 
^uiTnHI^ which is that of di-iodamide : 

NHP + 2H*S « NHH + HI + S». 

Gladstone (Chem. Soc. Qu. J. ir. 34) takes the same view of its constitution. By 
decomposing with sulphydric acid, the compound produced by the action of ammonia 
on an alcoholic solution of iodine, he finds that it contains 2 at iodine to 1 at. nitrogen, 
while its decomposition by aqueous sulphurous acid is represented by the equation ; 

NHP + 2SH20* + 2H*0 « NH«I + HI + 2SH*Ot 

He also finds that the formula NHP is in accordance with the formation of the com- 
pound by the action of hypochlorite of calcium or iodide of ammonium (obserred by 
Playfair), that reaction being attended with evolution of ammonia, according to tho 
equation : 

CaClW + 2NHH « NHP + CaCl* + 2H*0 + NH». 

Bunsen (Ann. Ch. Pharm. Ixixiv. 1) has also examined the constitution of 
iodide of nitrogen, and arrived at different conclusions. He observes that the mode of 
formation of the explosive compound from iodine and ammonia, with hydriodic 
acid as the only secondary product, shows that it must be a substitution-product of am- 
monia, of the form NI’, NIlI* or NIPI, associated at most with ammonia and hydriodic 
acid ; 2. That it cannot contain hydriodic acid, because it dissolves in hydrochloric 
acid without evolution of gas, and forms a solution containiiqr ammonia and protoclilo- 
ride of iodine, but no hydriodic acid ; 3. That, to determine its composition, it is suffl- 
cient to ascertain how much ICl and how much NIP it yields with hydrochloric acid, 
and to see which of tho following equations agrees witli the results : 

3ICI + NIP . ... (a) 

2ICI + NH» . • . . (A) 

ICl + NH* . . . . (c) 

ICl +2NH* .... (4 

Preparations obtained by mixing cold and more or less saturated anhydrous alcoholic 
. sidutions of iodine and ammonia, wliich were not decomposed by washing with absolute 
alcohol, gave, when dissolved in hydrochloric acid, quantities of ammonia, inline and 
chlorine, in the atomic proportion of 2 : 3 : 3, showing that the oon-stitut ion of tho 
comix)und thus formed was NP.NH*. A preparation obtained by adding ammonia to a 
solution of iodine in nitro- muriatic acid diluted with water, and washed as quickly tm 
possible with cold water, gave, with hydrochloric acid, quantities of ammonia and pro- 
toehloride of iodine in the atomic proportion of 6 : 12, showing that its formula wa* 
4NP.NIP. When washed with water for any length of time, oven till tho greater part 
of the compound was decomposed, with separation of iodine and nitrogen, the undo- 
composed portion still yielded more than 1 at. ammonia to 3 at. chloride of lodme, a 
pmo^at ammonia entered essentially into its «>"«titut)on Bnnsen is of 
there exist two distinct compounds, NP.NIP and 4Nr.NH», formed in the manner 
shown by the equations, 

O 2NH* + 61 « NP.NH* + 3in 

^ 8(NP.NH*) + 3H^O «=» 2(4NP.NH*) + 3(NIP)*0. 

The formation of the eo-called iodide of nitrogen by the Ktion 
tion of iodine in nitro-mnriatic acid, would be 

solution contained, not ICl, but, as is sometimes supposed, / , . iodine in 

W formed from the hitter. Bunsen has, however, shown that 
. nitr^muriatic acid conUins only ICL The formation of the explosive compound from 
ICl is explained by the equation, 

'' 2NH* + 3ICI - (NP.NH*) + SHCT. 

The immediate producU of ita explosion arc nitrogen and hydriodic acid : 

NP.NH* - N* + 3HI. 

which Utter U. for the most part, reeolred by the high 

hydregen, while another portion unite, with the ammonia of the 

iodidfof ammoninm, thereby eetting free quantities of iodine and nitrogen equirmen* 

'“iV^^nd obtained I*? ‘‘ 

intermediate between the two eorapounda obtained by Bnneen . 

=■ ONUI* 
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|MgM 60 and SI, we aaw that in the passage of a gas through a succession of oondi- 
tions, with respect to temperature, pressure, and volume, which can be represented 
graphically by a rectangle, and are such that the 
tijial state of the gas is the same as its state at the ^^7. 

beginning of the process, a certain quantity of heat is 
expendedi which is proportional in amount to the 
area of the rectangle representing the succession of 
changes; but it was not there explained what be- 
comes of the heat thus expended. 

ileturnlug to the consideration of this case, and 
using the same notation as before, it is plain that, 
during the passage of the gas from the state A to the 
state S, through the intermediate stages represented 
by the lines AI), Dll, a quantity of work is performed, 
which is represented, iu kilogramme-metres, by 

A ^p{v - v); 

and that while the gas returns from the condition B 
to the condition A, along BCA, there is expended n 
quantity of work represented by 

A' = p(v — v) ; 

aud, therefore, during the whole cycle ADBCA, a quantity of work is ultimately gained 
equal to 

A - A' « (p' - p) iv* - v). 

But, by the last equation on page 51, the amount of heat expended at the same time is 

<2 - ^ ^ (c' - c) (p' -p) (v' - V); 



therefore, between the heat expended and the work produced, there exists a relation 
expressed by the equation 

.... («). 

If wo assume that the difference between the specific heat under constant pressure and 
the specific heat at constant volume is constant for each gas, and is inversely propor- 
tional to its density (a relation which is implied in equation (fi), p. 42), the coefll- 

cient of {A — A') in this expression is constant; we may therefore represent it by 

and w'rite equation (u) thiLs : 

Q-Q-=~(A-A') or E(Q- g)~A-A-. 


That is to say, the heat expended is proportional to the work performed, and viceversd ; 
so that for each kilogramme-degree of heat expended, a quantity of work is performed 
equal to E kilog;rammc-metrrB. 

The value of E can bo deduced from equation (7i) by introducing the numerical 
values of the constants, namely : 

II » 10,333 kilogr., a =* 0 003665, D « 1293 kilogr. 
c'- 0-2374, and c - 0168 (p. 42). 

These values give us : 

E^ 423; 

that is to say, vhen heat is transformed into work, every kilogramme-degree of heat 
(1000 of the heat-units hitherto employed in this article) consumed generates 423 
kilogramme-metres of work ; or, more generally, the heat needed to raise the tempera- 
ture of ^any given weight of water from 0^ to 1® C,, is equivalent to the amount of 
mechanffeal energy required to raise 423 times the tamo weight of water through one 
metre from the surface of the earth. 

Iho ratio E is therefore called the mechanical equivalent of the unit of beat, 
reciprocal is, as we shall see, the thermal eouivalent of the unit of work. 
That the relation betw’cen the heat expended and the work generate*! is necessarily 
con^ant, whatever the process may be by which one is transformed into the other, 
results from the following considerations. Jf by one process a unit of heat could be 
to perform E units of work, and by another process E + e units of work could 
pc ^Derated by the same quantity of heat, apportion of the mechanical energy produced 
this second process might be expended in reversing the first, so as to regenerate the 
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flnrt; oompoimd NP.NH*, may be represented as tri-iodammOnammonhiiB, 
^|nHP second compound 4NP.NH*, might be formulated in a similar 

Lastly, it appears ^m the experiments of Stahlschmidt (Pogg. Ann. cxuc. 
421; Bull. Soc. Ohim. de Paris 1864, p. 149), that di- or tri-iodamide may U 
produced aocordiog as alcoholic or aqueous ammonia is ^ded to^ an alcoholic solution 
of iodine. By wiVing alcoholic solutions of ammonia and iodine, he obtained a 
compound yielding by analysis quantities of iodine and nitrogen in the proportion of 
2 at. 1 to 1 at. N, therefore NHI*. 

On the other hand, a product obtained by adding aqueo^ ammonia to an alcoholic 
tincture of iodine, yielded by decomposition with sulph^drio acid, products containing 
8 at. 1 to 1 at. N, according to the equation, 

NP + 3H«S = NH<I + 2HI + S*. 

The same substance treated with iodide of methyl, yielded in 24 hours, two layers of 
liquid, the upper consisting of aqueous hydriodic acid and iodide of ammonium, while 
the lower contained iodoform and penta-iodide of tetramethyl-ammonium : 


2NP + 3CH*I « 2NH* + 3CHP, 

Iodoform. 

aiid2NI« + 9CHU = 2HI + CHI* + 2N(CH*)*I» 

Iodoform. Pentu-iodide 
of tetramethyl- 
ammonium. 


On treating the lower liquid with boiling absolute alcohol, a solution was obtained which 
deposited the penta-iodide in shining green crystals, while iodoform remained in the 
mother-liquor ; and this mother-liquor being treated with potash, gave off ammonia 
and yielded iodoform, together with yellow crystals having the composition of di- 
^ (I* 

1 CH* saline residue contained butyrate of potassium and 


other salts. 

If the tri-iodamide used in the preceding reaction still retains ammonia, the pro- 
ducts obtained are penta-iodide of tetramethylammonium, and a compound of 2 at. iodo- 
form with mono-iodide of tetramethylammonium, = (C1P)*NI + 2CHI*. 

By acting with ammonia on penta-iodide of tetramethylammonium (which contains 
4 at. iodine in a state of less intimate combination than the fifth, and ready to act like 
free iodine), Stahlschmidt has obtained a compound containing which may 

be regarded as a compound of di-iodamide, NHP, with tri-iodide of tetnunethyl- 
ammonium. The same compound is formed on mixing alcoholic tincture of iodine with 
an ammoniacal solution of mono-iodide of tetramethyl-ammonium. It is a black 
powder, which explodes at 100°, or in contact with sulphuric acid, giving off nitrogen, 
and leaving the penta-iodide. The same decomposition takes place on heating its 
alcoholic solution. Sulphydric acid reduces it to mono-iodide of tetramethylammonium. 
Nitric acid decomposes it slowly. Heated with potash, it yields iodoform. It is in- 
soluble in most liquids, but dissolves slightly in absolute alcohol (Stahlschmidt.) 


II, Xodanunoiiiiiiii* NH*!.; or Iodide of Ammonia, NH*.I. — Dry iodine 
absorbs dry ammonia-gas, ICO parts of iodine taking up 8 3 pts. of ammonia at + 10°, 
9 pts. at 0°, and 9-4 pts. at— 18°. The product is a blackish-brown very tenacious 
liquid, having a metallic aspect^ smelling of ammonia and iodine, and imparting a 
brown stain to the skin and to paper. When heated, it giveij off a portion of the 
ammonia and sublimes in violets vapours. Its lustre and tenacity are destroyed by 
excess of ammonia. It dissolves readily in alcohol, and jlresolved by water into 
iodide of ammonium and di-iodamide : ^ 

2NH*I « NH^I + NH»I.-* ^ 


In a current of hydrochloric acid gas, it is completely decomposed, yielding nitrogen 
gas, sal-ammoniac, iodide of ammonium, and free iodine. (Mi lion, Ann. Ch. Phys. 
Ixix. 78.) 

According to Bine au, 100 pts. iodine absorb 20*55 pts. ammonia-gas, yielding 
•a product having the composition N*H*I*. This may be represented as an iodide oj 




pInp 1 

L |nh*iJ 


.L 


(H* 

jNH*I. 

Millon’s compound, if its composition has been correctly determined, is lemaHtable 
as presenting the only known instance of an ammonium-molecule existing in the free 

*^IL Iodide of Sodammonliiiii* NH*P » (NH*I).L-— This compound, discovered 
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oriaiiisl quantity of heat : thus by combining the two proceswa, the first being Wo^^ 
l>a(^war(lB, ‘each unit of heat expended would reproduce itself and e units of work ?« 
addition ; there would thus be generation of mechanical energy without any correspond- 
ing annihilation of any other form of energy. (The principle here implied, that a 
given quantity of work is capable of giving rise to as much heat as is needed for its 
own production, results from the above equation (w), but it will be further considered 
in what follows.) n i 

Nevertheless, in consequence of the unavoidable defects of all experimental processes, 
the values of E deduciblo by different methods are not exactly equal, but the agree- 
ment between them is quite sufficient to establish the fundamental principle of the 
real constancy of the relation between heat and work. A table giving the results of 
the most important determinations of this ratio will be found further on under the 
head Heat produced by Work, 

Ifnder all circumstances, the quantity of heat which must be employed in order to 
effect the transformation of a given amount of it into work considerably exceeds the 
quantity transformed. In the example above considered, the total quantity of heat 
imparted to the gas was Q ; but of the work, A, generated by this amount of heat 
during the passage of the gas from the state A to the state B, a certain portion, A\ 
was employed, during the return of the gas to its initial state, in regenerating the 
quantity of heat Q\ The useful work performed was, therefore, A — A\ and the quan- 
tity of heat transformed was Q — and the ratio of this to the total heat employed, 

namely, - represents the efficiency of the process of transformation, or the value 

of the enmne in which it takes place as a source of mechanical energy. The maximum 
value which this fraction is capable of attaining, depends on the range of temperature 
passed through by the fluid which is the medium of transformation. This can be most 
easily demonstrated in a case where the changes of the volume of the gas take place at 
constant temperatures ; that is, where it is kept at one temperature during the whole 
process of expansion and at another during the whole process of contraction. 

Tiiese conditions are approximately realised practically in the air-engine invented 
by the Rev. Robert Stirling, in 1816. This engine consists essentially of two cylinders ; 
a larger one to which the heat is applied, whicli we may call, for distinction, the heating 
cylinder, and a smallor one, which may be called tho working cylinder, wherein the 
tranformation of heat into work takes place. The bottom of tho working cylinder Is 
connected by a pipe without a valve with the top of the heating cylinder. Within the 
heating cylinder is a plunger, composed of non-condueting materials, which occupies 
nearly half its length, and between it and the sides of tho cylinder are passages by 
which tho air can pass from one end to the other when the plunger is raised or lowered. 
In the working cylinder is a piston which fits it air-tight ; this pi.ston and the plunger 
of the other cylinder arc both attached by connecting rods to cranks fixed to the same 
axle, but making an angle of ninety degrees with each other. The heating cylinder 
is closed at the top, and tho rod from which the plunger hangs passes through an 
air-tight stufiing box ; the working cylinder isopen at the top. Heat is applied to the 
bottom of the heating cylinder, and the upper part is kept cool. 

Tho action of the engine is as follows : Suppose the plunger to be at the top of tho 
heating cylinder, and consequently, the piston in the working cylinder in the middle of 
its struko ; then, if heat is applied to the bottom of the heating cylinder, the air con- 
tained there below the plunger will bo expanded, and will press the piston upwards ; 
but the motion of the piston being communicated through the axle to the plunger, the 
latter will descend, and displacing tho heated air from the bottom oC the heating 
cylinder, drive it into tho cool space at the top. Tho elastic force of thfe air being thus 
diminished, the piston will be forced dovm by the pressure of the aigjnpon its upper 
surface ; the plunger now returning to the top of the lieating cylindcJrahe air will bo 
didven to the bottom, where it will bo again heated, and the piston wiCnhe again forced 
up by its expansion. Thus by the alternate heating and cooling of the same quantity 
of aiT, the motion of the engine is kept up. 

In consequence of tho manner in which the piston and plunger are respectively con- 
nected with the axle, each attains its maximum velocity while the other is at rest, so 
that the action of the engine during one revolution may be considered as essentially 
made up of four periods : in tho first., the temperature of the air is raised, its volume 
remaining the same, and consequently its pressure increasing ; in the second, the air 
expands, performing work, but so much heat is imparted to it during the expansion, 
that its temperature remains constant ; in the third period, the temperature of the air 
is reduced to what it was at the beginning of the first period, its volume being unaltered, 
and therefore its elastic force being diminished ; and in tlie fourth, it is compressed to 
its original volume, the heat generated by the compression being withdrawn, so that 
the air remaius at the same temperature throughout the whole process. These four 
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. (i«thrie (CJhem. Soc. J. xvi. 239), is obtained: 1. By adding finely-povdered 
* Jl* e to a saturated solution of nitrate or carbonate of ammonia mixed with about 

4hiid of an equivalent quantity of potash. The iodine immediately liquefies, with- 
ourperceptible rise of temperature, and unites with the elements of the ammonia, 
forming a very mobile brownish-black liquid, while the supernatant solution remains 
colourless. The iodide of iodammonium is separated by a pipette from the saline 
solution.— 2. A similar, and probably identical liquid is obtained by adding to the 
solution of nitrate of ammonia, mixed with potash, a saturated solution of i^ne in 
aqueous iodide of potassium. 

Iodide of iodammonium dissolves in ether, alcohol, chloroform, sulphide of carbon, 
and aqueous iodide of potassium. When heated, it is partly resolved into iodine, and 
an iodiferous liquid, which may be distilled without decomposition, and is probably 
Millon’s or Bineau’s “iodide of ammonia.” 

NIPP = I + NH»I. 

3NH»P - P + 3NIP.I*. 

Exposed in the dry. state to the air, it decomposes spontaneously into ammonia 
and iSine, no permanent gas being eA’olved. On agitating it in a eudiometer-tube 
with mercury, iodide of mercury is formed, and the m<Tcury is depressed by tlie 
liberated ammonia, which latter is completely absorbed by water : 

Nn»I* + Hg NIP + HgP. 


It is decomposed by water, colouring the water reddish-brown, from senaration of 
iodine, evolving nitrogen gas, and yielding a residue of di-iodamide, wliich explodes 
spontaneously under water : 

4NH>P + H*0 =: 2NHP + 2NH‘I + 2HI +IPO « N* + 4HI + P + 2NIPI + H*0 
The formation of the di-iodamide is more rapid than its decomiH^sit ion, so that some 
of it is left after the original compound is broken up. 

The caustic alkalis effect the same decomposition as water, but more quickly, on 
account of the greater affinity of their metals for iodine. 

Acids determine the formation of ammonia, e. g. : 

NIPP + HCl » NIPCl + I*. 

NH*P + ilSO* « (NH^)"SO‘ + P. 

A portion of tho compound prepared by the first method (p. 282) and dccompos^ 
in this way by dilute sulphuric acid, yielded in one experiment » »^XTroa.Js T n„ 
U:i l7 I, in another, 6-69 NH* to 63 04 I. the formula ro<,uinn()' 0-27 NHHo 03 78 1. Un 
Mihiiiitling the compound to fractional solution with chloroform, the r.«iduowM found 
to have cMctly the same composition as tho original sul.etniiec, showing tliat tho suh- 
slaiico operated on was a definite compound, and not a iiiixiure of two or more. 

XOBAMMCOirZVM. (Sec p. 282.) 

XOBAirXIbXWB* Syn. with Iodopiibnylamink. See Phenyiaminb. 
XODAWZSIC ACXB. CTI^O*. Produced, together with hydriodate of oxftni- 
samic acid, by the action of hydriodic acid on diazoanis-oxanisamic acid : 

C*H»N»0>.C*H’N0* + 2HI « C’lPNOMlI + + N* 

Diazoanis^anUanUc 

It forms white needles, insoluble in water, easily soluble 

The is a white amorphous precipitate. (I. Ones s, y. . » 

Jahresber. 1869, p. 466.) 

XOBAJkSBXrxOirS ACXB. See AnsEKic Oxyiodtdb of (i. 386). 

XOBATJBS. See Iodine, Oxyobn-acids of. 

XOBAUBATBS. See Gold, Iodides of (iL 929). 

XOBBTBTXkABKXHB# Sec Ethylaminb (ii# 638). 

XOBBTBTBBVB. See Ethylene, Iodated (ii. 679). 

XOBHinntXO Acn>. See loDiOB OF Htoboobh (p. 284). 

XOJtunuxmm. Compounds derived from gljrcerin or from glycwto (ii- »»»). “T 
a«sumptio”fUir*ements ^ hydriodic acid and elimiiiotion of waUr. Only two h«ve 
hitherto been obtained ; both of which are glycidic ethers, viis. 

lodhydro^ycide or Epi-iodhydrin . • - CT!*0* + HI - JEH). 

lodhydrodiglycide (Bcribclot’s lodhydrin) ^ [o* = 2C*II*0* + HI - »H*0. 
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moeeMiTe operationfl, constituting together one cycle in the action of the engine, may'be 
represented by a diagram such as jig. 548^ where t^e abscissa O A represents the Tolnme 
-To, of a unit of weight of air at the ini- 
tial temperature the ordinate 

AM represents the corresponding 
pressure heated, 

without change of volume, from the 
temperature to the temperature 
ti ; during this operation, its elastic 
force increases to Pi, represented 
in the diagram by the ordinate A P; 
and to effect this change a quantity 
of heat equal to c — io) must be 
imparted to it, c being the specific 
heat of air at a constant volume; 
but as no expansion takes place, no 
work is performed. Next, the air 
expands from the volume Vq to the 
volume t/i, represented by the 
abscissa OB. Since the tempera- 
ture of the air is kept constant while it expands, the presauro varies inversely as the 
volume, a relation represented by the hyperbolic arc P Q, so that the final pressure of 
the expanded air is represented by the ordinate B Q. During this operation, external 
Work is performed, which is obviously proportionaJ to the area A P Q. B, contained 
between the arc P ^ the axis of abscissae, and the two ortlinates A P and B Q. But 
in order to prevent the cooling of the gas during its expansion, a quantity of heat, q, 
must be given to it, of which the mechanical equivalent is exactly the external worlc 
which this area represents. In the third operation, the air is cooled to its initial tem- 
perature ^01 volume remaining unaltered, and therefore no work being generated or 
expended. The pressure is thus reduced from B Q to B N, and a quantity of heat 
rwiuiros to be withdrawn equal toe (^, — fo). Lastly, the air is compressed, while kept 
at the constant temperature, to its original volume Vq. To effect this, work must be 
expnded and heat must be removed from the air. The relation between volume uiid 
pressure being represented by the hyperbolic arc NM, the work needed for tlie com- 
pression of the air is represented by the area A M N B, and is precisely the mechanical 
equivalent of the quantity of beat, q\ which must be withdrawn from the air in order 
to maintain its temperature constant during the process. 

Accordingly, during the first two operations, the uir receives a quantity of heat 
equal to c (ti — tj) + q, and developes a quantity of external work geometrically 
represented by the surface APQB. In the two following operations the air loses a 
quantity of heat equal to c t^) + q\ and there is expended a quantity of work 
geometrically represented by the surface AMNB. The ultimate useful expenditure of 
lieat is, therefore, q — q’, and the available quantity of work generated is represented 
by the area MPQN, or the difference between APQB and AMNB. The total ex- 
penditure of heat, during the complete cycle of operations, is q \ the quantity q given 
out by the air during its compression at the temperature to cannot in any way be 
made available for the maintenance of the action of the machine, and may therefore be 
considered as entirely lost. The quantity of heat e(/, — ^o), which the air gives 
out when cooled from the temperature ti to the temperature may, on the con- 
trary, bo employed to heat another quantity from to to and, therefore, does not 
make part of the ultimate expenditure. The reason why this portion of heat can be 
reeovered, while the quantity q' cannot, is, that it is heat of a higher temperature, 
whereas q\ being heat of the temperature I® useless for heating any b^y to a 
temperature higher than The ratio of the useful expenditure of heat to the total 

expenditure is, therefore, 

S 

The values of the quantities o and j' can be found as follows : — representing the 
mechanical equivalent of heat by JE, we have, as a consequence of the above discussion, 

£2 surf APQB, and Hq' » surf. AMNB, 
and consequently 


But PQ and MN, being each an arc of a rectangular hyperbola of which the lines of 
no volume and no pressun^ OY and OX, are ^e asymptotes, it follows that the surfiice 


surf APQB 
surface i 


surf. AMNB 




284 IODIDE OF ACETYL — IODIDE OP HTDBOGEN. 

The first has been already described (ii. 899). The second is obtained by saturating 
glycerin with hyiiodic add, keeping the liquid in a close vessel at 100® for forty 
hours, and then treating it with potash and ether. It is a syrupy liquid of a golden 
yellow colour, and specific gravity 1783. It has a saccharine taste, dissolves about 
on -third of its bulk of water, but is not itself soluble in water. It is soluble in alcohol, 
and still more in ether. It is not volatile without decom^sition. It bums without 
residue, giving off vapours of iodine. Potash decomposes it slowly at 100®, producing 
iodide of potassium, a liquid which appears to be identical with glycerin, and a volatile 
liquid, probably oxide of glyceryl (C*H*)*0*. The iodine in cod*liver oil is perhaps 
in the form of this, or a similar compound. (Berthelot and De Luca, Compt. 
rend, xxxix. 748.) 

ZOBIBB OF ACBTTX. See Acettl (i. 35). — The iodides of other organic 
radicles are also described under the several radicles. 

XODZOB OF ABimcmirilC* See Aluminium (i. 157).— The iodides of other 
metals are also described under the several metals. 


ZOOZOB OF AMMOirZA. See Iodammonium (p. 282). 

ZOOZBB OF AMMOBTZVM. See Ammonium-Salts. 

XOBZDB OF BOBOir. See BonoN (i. 627). 

XODZOB OF BTDROOBXr. XOBHTBBZO or BTBRZOBZC ACZB. HI. 

Iodine does not combine with hydrogen at ordinary temperatures, even under the 
infiuence of sunshine ; but when hydrogen gas and iodine vapour are passed together 
through a red-hot tube, combination takes place. According to Blundell (Pogg. 
Ann. ii. 216), spongy platinum brings about the combination at ordinary tempera- 
tures. The affinity of iodine for hydrogen is inferior only to that of oxygen, fiuorine, 
chlorine, and bromine ; consequently iodine separates hydrogen from most of its com- 
binations, viz. from phosphorctted hydrogen, sulphydric acid, ammonia, and many 
organic compounds, e.g. alcohol, ether, and volatile oils, the result being in all cases 
the formation of hvdriodic acid ^Gaultier; Colin). Iodine does not decompose 
water, even at a red heat, or at all events, produces mere traces of iodic and hydriodic 
acids (Gay-Lussac). If, however, there is likewise present any substance that can 
take up the oxygen of the water, hydriodic acid is produced in abundance. Hence 
water and iodine, in contact with phosphorus, form hydriodic acid and phosphorous 
acid (Gay-Lussac): with sulphurous acid, only however when a considerable 
quantity of water is present, they yield hydriodic and sulphuric acids. With sulphites, 
if largely diluted, the products are hydriodic acid and a sulphate ; similarly with 
hyposulphites ; with arsenious acid, hydriodic acid and arsenic acid ; with stannous 
salts, hydriodic acid and a stannic salt j and with certain metals, hydriodic acid and a 
metallic oxide. 

Preparation. — 1. In the gaseous state. — a. 1 pt. of phosphorus and 9 pts. of iodine 
are moistened with a small quantity of water, or covered with moistened glass-powder, 
and heated in a retort connected with a mercurial trough. Towards the end of the 
operation, hydriodateof phosphamine (p. 201) may sublime. Personne (Compt. rend, 
lii. 46j5) recommends the use of amorphous phosphorus for this purpose. The phosphonts 
is to be introduced into a tubulated retorb covered with a layer of water, and iodine 
added by successive portions, while the whole is gently heated. A regular stream of 
hydriodic acid-gas is then given off quite free from iodine- vapour.— 5. 1 pt. of phos- 
phorus is gently heated with 14 pts. of iodide of potassium, 20 of iodine, and a small 
quantity of water. If the evolution of gas becomes too violent^ the vessel must be 
plunged into cold water; if it becomes too slow, heat must be applied (Mi lion, 
J. Pliarm. xxviii. 299) : £ 

4KI + !«• + P* + 7H*0 « K'P*0^ 

2. In the liquid state. — Iodine and persulphide of hydrogeiv^9liich, when they come 
in contact., unite, and form a yellowish-brown liquid, are placed together at the elos^ 
end of a dry glass tube; and at a short distance from them, in a bend of the tube, is 

S laced a small quantity of water. If the tube be then sealed, and the first-mentioned 
quid brought in contact with the water, decomposition takes place, resulting in the 
separation of sulphur and hydriodic acid, a considerable portion of the latter condens- 
ing in the liquid state. (Kemp, Phil Mag. [3] vii. 444.) 

3. In aqueous solution. — The aqueous acid may be prepared by p^ng the gas 
obtained by either of the preceding methods into water, which absorbs it very rapidly 
and in large quantity; or directly: 1. By distilling iodine with phosphorus and a 
lazge quanuty of water. — 2. By passing sulphydric acid gas into w^r in which iodine 
is diffused, the liquid being well agitated all the while, till the iodine has di^ppared, 
and the liquid, vmich was brown at first, has become colourless ; the liquid is then 
filtered and heated to commencing ebullition, in order to expel the excess of sulphydric 
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APQB ia to the surface AMNB as AP to AM. Therefore, 

Pi - Po But^i and Pa ““® ”“®® ^ 

Ler tfe same vohune. e„, at the t,ro temperatures t. and ; consequently, 
(by equation b, p. 46)» and- 
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T, and T„ representing the absolute temperatures (see p. 52) corresponding to the 

centigrade temperatures ^ and ^ ^ generated by the 

A similar ; the alternate expansion and contraction of a gas, would 

fS to r sametprcTonlfitf;^^^^^ » afo-ongine 

whatewr its mode of action, provided no beat is spent uselessly in causing changes of 
tomnerature X ™tio of the useful expenditure of heat to the total expenditure is 

cquS to the’ditforence of the absolute temperatures between which the engine works, 
"^‘Thf agrelnX't^f IhU with the results 

IpmsTtion to the older view, acc rding to which heat is regarded as an indestructible 
entity, and the production of mechanical energy by it, p (Icpcnding upon its trans- 
ferenco from a hotter to a colder body. According to this latter theory, the efficiency 
of an air-engine ought to be mucli greater than that of a steam-engine, j—a conclusion 
which has^ot, however, hitherto been confirmed m 
example, the quantity of heat transformed into work compared 

sunpliod to a steam-engine, might be calculated upon tins theory, as foUows:-Let the 
engfnc be supposed to bo worked at a pressure of 5 atmospheres, cwisequently at 
the tempera hire 162° Each kilogramme of saUiratod stfam supplied to the cylinder 
at this tenipcraturo requires for its formation, according to Kognault s experiments 
(p. V), 6.53^ kilogramniVdogrees of heat, the heat contained in the jvater with 

which the boiler is fed. If wo suppose the eiigino to be worked 

the pressure of the atmosphere, and that the steam n mains saturated during the 
expansion, it will escape into the atmosphere with the temperature 100 and when 
cooled again to the temperature of tho water supplied to the boiler, each kilogrammo 
will give out 037 kilogramme-degrecs of heat: under these conditions, 
the steam only loses, during its expansion in the engine, (Go.3 ~ , 7 - t) -- lo 

degrees of heat out of the whole quantity contained imt. If the 

of the water, be 10°, for example, 013 kilogramme-degrees of heat will have been 
required to generate each kilogramme of steam, and the traction or not qui o 
will represent the proportion of the total heat wliicli has been converted into n^cchamcul 
energy. Tho value of this fraction may bo increased somewhat by adding a conden^r 
to the engine, so as to obtain a greater range of expansion. If, for example the 
temperature of the condenser is 40° and the steam expands in the 
tension is the same as that in the condenser, or 65 millimetres, f 
never quite attained in pmotice. the quantity of h^it ^ren up 
each kAogramme of steam will be 619 - 40 = 5(9 

boiler is fed with the condensed water at the temperature 40°, the J » 

quantity of steam will have required 663 - 40 - nx 

avse, therefore, 613 - 579 = 34 parts of heat will be converted wor^^t of 
every 613 parts imparted to tho boiler: accordingly^, or very neai^^, will ve tne 

fraction represent iug the efficiency of the engine. . , c • • a 

This calculation (borrowed from Regnault, M<^m. Acad, ^icnces, xxti. inti^ 
pp. v. vi.\ it will be observed, supposes that all the licat which is not regained in the 
condenser, or contained in the steam w^hich escapes into the ntraosphere, has wen 
converted into work : nevertheless, the efficiency of the en^ne come.s out much^ below 
what is actually attained in practice. By careful experiments on lai^e engines, of 
upwards of 100 horse-power, in which the loss of heat by radiation and conduction, or 
by other accidental causes, was estimated and allowed for, as accurately as possibly 
Him found that the differi nco between the quantity of heat supplied to the boiler, and 
that absorbed by the condenser, amounted to between ^and J, on an average to about 
4, of the former quantity. Practically, therefore, the steam engine is between twice 
end three times as efficient a machine as wouid appear from the above calculatioD. 

The key to this contradiction between theory and practice, lies in a false assumption 
tliat has been made in the calculation. It was assumed that, when saturated steam 



IODIDE OF HYDROGEN. 28S 

■A /aav-I<«*sac). Since the eulphar, as it precipitates, envelopes the iodine which 
acid ^m^ssolved, Le Eoyer and Dumas recommend the process of saturating 

gtill remw the liquid from the undissolved portion-converting the 

iodine into hydriodic acid, by means of sulphydric acid— digesting in this 
fresh portion of iodine, which dissolves much more abundantly in the hydriodio 
nroduced— decanting again -once more saturating with sulphydric acid— 
acid aire j ^ iodine, &c., &e. Another method is that of Stratingh, which 

Tn Dassine sulphydric acid gas through a solution of iodine in 16 pts. of 
TIo? mtedluting with 32 pts.^f water, and freeing the product by distillalioi, 

in. this manner «. .able, 

from aiTO product of disagreoablo odour, arising from the action of 

a^W 1 the alcohol.-3. Iodide of barium dissolved in water is exactly 
the sulpliw -Quivaleiit quantity of sulphuric acid, and the product is separated 

tfiSol f^mmiThatc ofblrium(&lover>hil. Mag. [3] xix. 92).-4. Granulated 
by hltra Vitli iodine and water till the liquid becomes colourless ; sulphydric 

“d 'Ll then Ssed tllugh. and tho liquid d'ccantcd (Joss, J. pr. Ciiem. 1 133). 
Tht solution of the acid obUiiied by cither of these methods may be oonceii- 

*'" ‘irLtwtr— HyL'iodic acid is a colourless gas, which reddens litmus strongly, and 

nrfS dcnse white fumes in moist air. It has a very sour sufrocatinj; odour, extinguishes 

fl r and is not itself combustible. Its specific gravity, according to Oay-Lussae s 
flame, and ... .oq wliich shows that tho gas is composed of equal volumes of 

Sr^r^dWintCurtit 

• 127 + 1 _ 64 referred to hydrogen in unity, and 64 x 0 0693 - 4-4362 referred 

18 2 


fj'j • V .;a mav be liquefied by pressure (p. 284). The liquid pd has a 
yellowLtur.Lfd liUdific^ at - 61 °. forming a transparent colourless mass inteisocU-d 

by fissures, like ice. j pungent at first, afterwards 

The aqueous amd smells L^Ltratod.’ irfumes stro.fgly in the air Its specific 
astringent When c „,’re„ptli. An acid coi.tainiug 67-0 per Cent. 

gravity and ^‘jLo J,der a prc.ssure of 774 mm. A weaker or a stroiigor acid 

lUboilsconst^tly at U7 d I ,],o ordinary pressure (in an 

may be reduced to tins streng Wlifn dry hydrogen gaR is passod 

atmosphere of till the remaining acid atl^iins a constant strength, 

tiirough weaker or stronger ” t HI, if the exiicriment is made 

this acid is found to contain ^ to JO 7 cent H ^ 
at a tempemture between 16 and . ana 

been performed at 100 ®. (Roscoc, .. e . oxvcen gases passed through a 

D.Lnpositions,^l. A Thoaqu^us 
re<l-hot porcelain tube is resoh ed into . exiosiKl to tho air, becoming brown 

solution^nde^oesasimi^ their oxyge{ ^ the 

from separated iodine, luc 10 B ^ , Bcoarating iodine. Hydrated 

hydrogen of the hydriodic acid, to water (Th/nard). Sulphurous anhy^ 

^oxide of hydrogen is converted by it into water M ; 

„d 

If ...rri. p«Mnl.tbe W S».g 

odic acid gas, or its concentrated aq iodine • 

0. ,b. .ddifio. .1 «... * 1 .™ ““ "• 

of aqueous «>lution ^ by^driodic acid into ferrous salts, iodine 

(Gay-liussec). -“^Led (Gay-Lussac).— 3. Chlorine gat, in smaU 

being at the same hyLochloric acid and iodine : 

quantity, converts hydriodic aCid 8^^ J ^ I . 

inlargerqu^itity.intohyd^Lo^c^Y^^^^^ ^ ^ 

(Gay-Lnsaac). In a rimilar manner. mid hydriodic mud ga. y«ld hyd^- 




HEAT AND MECHAJHCAL El^iaGY. 
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ill cylinder of a fiteam-enginei it remains in the state of saturated steam, 
contained in it was estimated, in accordance with this supposition, firom 
B eg nanlt ^8 determinations of the total heat of saturated steam at Tarions tempo* 
ratures. In feet, however, saturated steam, if it performs external work while expand- 
ing, snfto partial condensation at the same time, and the latent heat of vaporisation 
of the steam which condenses becomes available for the production of work in the 
cylinder. It is not therefore saturated steam which escapes from the cylinder of an 
engine working under the conditions we have supposed, but a mixture of steam and 
water, containing a quantity of heat^ less than the total heat of vaporisation of an 
equal weight of saturated steam at the same temperature by the latent heat of va- 
pcffisation of the proportion of water present. Tlie necessity of this condensation was 
deuced by Bankiue in 1849, and soon aftermirds by Clausius, as a necessaiy con- 
sequence of the existence of the mechtinical equivalent of heat, and shown to be the 
^ncipal cause of the accumulation of water in uiyacketed steam-cylinders, which had 
Jong been known as a practical inconvenience in the working of steam expansively. 
The beneficial effect of employing superheated steam, and of enclosing the cylinder in 
a steam-jacket, is that the steam can then expand, performing external work, without 
undergoing liquefaction. Tlie condensation of aqueous vapour, when it does work on 
expanding, is distinctly seen in the formation of a mist iindes an air-pump receiver, 
containing moist air, w'-hen the piston of the pump is raised. 

The fact that a considerable part of the heat supplied to a steam-boiler is consumed 
in converting the water into steam, is not therefore a reason wliy an air-engine, in 
which no portion of heat is similarly expended in causing a change of state, should be 
more efficient than a steam-engine; and the investigation of the conditions under which 
w'ork is generated in the steam-engine leads to the general result, that the effieioney of 
any heat-engine is independent of the nature of the fluid which is the medium of 
transformation of heat into work, and which may bo air, steam, or any other vapour or 
gas ; but that, supposing the reception of heat to take jjlace %vholly at one temperature, 
and the rejection of heat w'holly at anotluT, the lieat transformed into mechanical 
cnorg)', is to the w’hole heat received by the fluid, as the raugo of tem]>crature is to tho 
absolute temperature at which heat is received, and that, between given limits of tem- 
perature, the maximum efficiefieyis attained when the reception and rojoctionof heat take 
place, in the manner just stated, at the highest and lowest temperatures respectively. 

The most conclusive confirmation of this result is that when it is applied to the 
calculation of the mechanical equivalent of heat from Ilirn’s experiments on largo 
steam-engines already referred to, the mean numberfound is 413, w'hich differs by only 2^ 
per cent, from that deduced at the beginning of this section from the thermodynamic 
properties of air. ^ 

Heat prodaoed liy IXTorlc. — In the introduction to this article (p. 16), it is 
pointed out as a general fact that heat maybe generated by reversing any of its effects. 
A process by which heat is made to generate work may, therefore, by reversal, become 
a process for the conversion of work into heat. But, us mentioned at tho place quoted, 
mechanical energy may be tran.sformed into heat by non-reversible processes, such as 
its expenditure in friction or percussion. There are also indirect methoas of transforming 
work into heat which cannot bo reversed, step by step ; for instance, mechanical enerj^, 
used to give motion to a magneto-electric machine, can be caused to genemte eloctricity, 
and this electricity, if not expended in effecting chemical changes or in repro<iucing me- 
chanical energy, takes the form of heat in traversing the conducting wire, although by 
applying heat to the homogeneous conductor, electricity could not be regenerated. This, 
therefore, is an indirect, non-reversible, process of transformation. But it is found that 
whether the process by which mechanical energy, or work, is converted into heat is 
direct or indirect, reversible or non-reversible, the quantity of heat generated by a 
given quantity of mechanical energy expended is, w'ithin tho limits of experimental 
error, always the same, and, within similar limits, the same as the quantity of heat re- 
quired to regenerate the original quantity of mechanical energy. 

The simplest mode of transforming work into heat, is perhaps the compression of a 
gMi, by which means, as in the familiar experiment of the firc-sjrringe, a temperature 
sufficiently high to inflame easily combustible substances can be produced without 
difficulty. The generation of heat in this manner can be made a continuous process, by 
alternately compresssing the gas at a high temperature and allowing it to expand at a 
low temperature. The reversal of the four operations represented by the diagram, 

547, p. 121, would constitute such'a process, and by the application of reasoning such 
as that previously employed in the consideration of this case, it is evident that the 
^aoik wmeh it would to necessary to expend, in order to effect this reversal, would ba 
^’ppflBPWnted hy A and that the heat generated thereby would be 

Q- O' - I (^ - A’). 

K being as before, the mechanical equivalent of beat. 



m IODIDES, METALLIC. 

bromic acid eon and iodine, the action being attended with evolution of heat (B alar d). 
Hence hydriodic acid imparts a blue colour to starch on the addition of chlorine or 
bromine (not in excess), or of sulphuric, nitric, or iodic acid, or a mixture of hydro, 
chloric acid and chlorate of potassium. — 4. Votassinrriy zinc^ iroUy mercury, and other 
metale, immersed in this gas, are converted into iodides, 1 volume of hydjpogen being 
at the same time liberated frdm 2 volumes of hydriodic acid gas (Gay-Lussac).— 
6. With most daetc metallic oxides, hydriodic acid forms water and a metallic iodide. 
Some of these iodides separate immediately, so that, with the salts of certain metallic 
oxides, aqueous hydriodic acid forms precipitates consisting of metallic iodides, and 
distinguished by the following colours: Oxide of bismuth, brown; oxide of lead, 
ortmge-yellow; mercurous oxide, greenish-yellow; mercuric oxide, scarlet; oxide of 
silver, yellowish-white. Other metallic iodides remain dissolved in the liquid, and in 
that state may be regarded as hydriodates of metallic oxides. With metallic peroxides, 
e.g. the peroxide of manganese or of lead, hydriodic acid forms a metallic iodide (or 
hydriodate), water, and free iodine; e.g. 

PbO + 2HI = Pbl* + n*o + I. 

With many organic compounds, hydriodic acid reacts in the same manner as with 
inorganic compounds, sometimes deoxidising them, with formation of water and elimi- 
nation of iodine, sometimes simply exchanging its hydrogen for a radicle of the organic 
compound. Examples of the first mode of action are afforded by mannite, with which 
hydriodic acid ■nelds iodide of hexyl, water, and iodine (p. 154), and by eryihroman- 
nite, with which it yields in like manner iodide of tetryl (ii. 605). An instance of the 
second mode of action is exhibited by salicylate of methyl (wintergreen oil), with which 
hydriodic acid forms iodide of methyl and salicylic acid. (Lautemann, Ann. Cb. 
Pharm. cxxv. 13.) 

C»H>(CH»)0* + HI « CH*I + C^n»0>. 

It is by reactions of this kind that Matthiessen and Foster (Chem. Soc. J. xvi. 358) 
have shown that cotarnine and its derivatives are methylised compounds. (See 
CoTARNiNB, ii. 90 ; Hemipinic acid, hi. 142; Opianic acid, and Nakcotine.) 

Hydriodic acid unites directly with ammonia, phosphamine, and other organic 
amines, phosphines, arsines, stibines, &c., forming salts, which may be regarded either 
as hydriodates of these ammonia-derivatives, or as iodides of the corresponding deriva- 
tives of ammonium, e.g. hydriodate of trlethylamine, N(C'^IP)’.HI, iodide of triethyl- 
ammonium, [N(OT1*)^]I. Similarly with other organic bases. 

• It likewise unites directly with many hydrocarbons containing even numbers of 
hydrogen-atoms; the olefines and camphenes, for example. Greville Williams, by 
distilling the hydrocarbons obtained from Boghead naphtha with fuming hydriodic acid, 
obtained compounds which might be regarded as hydriodates of olefines, C"H^.HI, or as 
iodides of the corresponding monatomic alcohol-radicles, as when treated 

with alcoholic ammonia, they yielded the hydriodates of the corresponding amines, 
C"H**t*N.HI. The hydriodates of the olefines are not, however, in all cases identical 
with the corresponding monatomic alcoholic iodides ; hydriodate of amylene, for ex- 
ample, is merely isomeric with iodide of amyl ; for when treated with moist oxide of 
silver, it yields a hydrate of amylene, not exhibiting the properties of common amylic 
alcohoL Similarly with hydriodate of hexylene (p. 188). 

XOBZBB OF XrZTXOOZUNr. See Iodamidbs (p. 280). 

ZODZDSSf MBTX.XIiXiXC« These compounds are obtained by the same processes 
that yield the chlorides and bromides. 

1. By the direct action of iodine on a metal, frequently even at ortiinary temperatures, 

as in the case of mercurj". The combination is attended wijfi development of heat, 
sometimes with flame, which is coloured violet by the iodin&apour {e.g. potassium 
sodium). C3. 

2. By the action of iodine on certain metallic oxides, hydrates, or carbonates. 
Iodine displaces the oxides of potassium, sodium, barium, and calcium at a red heat, 
and that of oxide of silver at ordina^ temperatures. When solutions of caestic or 
car^nated alkali are treated with iodine, mixtures of iodide and iodate are produced, 
which last salt is decomposed by heat into iodide and oxygen. Iodine and peroxide 
of barium, when mixed with water, decompose into iodide of barium and oxygen, thus : 

P -H BaO* - Bal* + 0*. 

3. By the action of certain meUils, such as potassium, zinc, and iron, on hydriodic acid, 
the metal then replacing the hydrogen. — 4. By saturating hydriodic acid with oxides, 
hydrate^ or carbonates. With a peroxide and hydriodic acid, iodine is liberates — * 
6. The insoluble iodides are prepared by adding hydriodic acid or the solution of a 
metallic ii^de to solutions of the heavy metals. 

All iodides are destitute of metallic lustre ; some of them are vexy beautifully 


iter heA'T. 

The eipenditore of m^hameal enorgy in oompreosing liquid and solid Ik^Eioa it 
attended with the production of heat. According to Thomso n, the ol 

compression may he expressed by the formula : 



where B is the effect in question, r the absolute temperaturef a the coefficii^\e|A|niaaa - 1 
sion by heat, p the pressure, E the mechanieal equivalent of heat, and ^ 
heat of the substance. This formula has been venfled by Joule (Proo* Hoy. Soa ii;*- 
496) by experiments on water and upon oil, the temperatures varying in the first 
between r2® C. and 40*4®, and the pressures between 16-64 and 25*34 attnosphei^^"^ 
in the experiments on oil the temperature was always about 17® and the pressuree 
varied from 7 ‘92 atmospheres to 25*34. In the experiments on water at l*2^pia(j^fe; 
caused a lowering of temperature instead of a rise, as in the other experimentii^*<f^ 
result which agrees witli the fact that water contracts by heat at this temperatnrel 
Similarly, when weights are laid upon metallic pillars, heat is evolved, and is absorbed 
when they are removed, the quantity evolved or absorbed increasing with the Weights 
employed (Joule, viii, 564). Conversely, the stretching of metallic wires iSiuses 
heat to disappear. Joule found {ibid. viii. 355) that an iron wire, f inch in diameter 
was cooled i degree C. when stretched by a weight of 775 lb. Similar results 
obtained with cast iron, hard steel, copper, and lead. The thermal effects were in all 
cases found to be almost identical with those deduced from Professor Thomson’s 
theoretical investigation, the particular formula applicable to the case in questioa being 

<2 « where Q is the heat absorbed in a wire one foot long, and the other symbols 

have the same significations as above. Vulcanised india-rubber, which, when stretched, 
contracts by heat (p. 73), became hotter when the stretching weight was applied, and 
colder when it was removed. Similar results have been obtained by Edl u n d, (Ann. 
Ch. Phys. [3] Ixiv. 245), whoso experiments lead to the following general conclusions; — 

1. Wlien a metal is stretched, without exceeding its limits of elasticity, a cooling 
effect is produced proportional to the mechanical force employed to stretch it. 

2. If the metal afterwards return to the original volume, performing in so doing a 
quantity of external work equal to that expended in stretching it, it is heated to the same 
extent ai ihat by which it was previously e6oled, and consequently proportional to the 
mechanical force- by which the metal was kept in the stretched state before contracting. 

3. If on the other hand, the metal resumes its original bulk without performing 
externiil work, it is more strongly heated than in the previous case, and the difference ’ 
between the two heating effects is proportional to the external work performed, in the 
one case, by the metal during its contraction. 

4. From these three principles, it follows that when a metal passes from the volume 
Vq to the volume without exceeding the limits oi perfect elasticity, the accompany- 
ing calorific effect does not depend solely upon the initial and final volumes, but also 
upon the manner in which the entire change takes place. 

Expkrucbntal Dsterminatton of Tire Mbchanical Equivalent op Heat.— It is 
obvious that any of the processes whereby work is transformed into heat, or heat into 
work, may serve for the determination of the numerical ratio existing between 
of work and the unit of heat, provided the process is such as to admit of 
mea«irement of the work or heat expended and of the heat or work product dSH 
earliest attempt to ascertain the value of this ratio appears to have been madl^>m| 
Count Hu m ford. His experiments described in bis essay, entitled Att Experim^ij^^ 
Inquiry concerning the Sonree of the Heat which it excited by FricHom lhniuSi%eS^ 

Royal Society, January 25, 1798, and published in the PhiL TranslCjso in “ 

Political, Economical, ar^ Philosojgkkd, by Benjamin Count of RuwBd,” 3 voK 8v^ 
liond. 1798-1802, vol. ii. p. 469), were made by pressing a blunt sted borer against that';? 
bottom of a cavity made in a brass cylinder which was caused to revolve, while 
borer was kept stationary. Considering the state of opinion at the time as to j^e 
bable nature of heat, these experiments, and especuuly the conclusions drawn n4Ht 
them by their author, are very remarkable, but it is only of late years that they him^ 
attracted Uie attention which they deserve. In the most complete experiment, 
brass cylinder was placed inside a wooden box containing 18*77 lb. avoizdupoia 
water; the temperature of the water at the beginning of the experiment was 66® R;; 
and was found to rise continuously when the cylinder was set in motion, until 
end of 24 hours the water boiled. Bumford states the results of this experi]ttHi'l^:|^ 
tabular form, taking account of the weights and specific heats of th~ bninn i 

steel borer, and gives the total quantity of heat produced, exclusive 
accumulated in the wooden box, and of that which was lost by radiatioi^ 
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colonrad. Their specific gravity is often lower than the mean spcdflc gravity of their 
constituents : such is the case with the iodides of potassium, lead, copper, and silver. 
(Boullay.) 

But few metallic iodides are decomposed by heat alone ; the iodides of gold, silver, 
platinum, and palladium, however, give up their i^ine when heated. Most metallio 
i^ides when ignited in open vessels, so that the air has excess to them, give up their 
iodine, and are converted into oxides ; such, however, is not the case with the i^ides 
of potassium, sodium, bismuth, and lead. Chhrin^ at red heat, decomposes the me- 
tallic iodides, converting them into chlorides, and either set ting the iodine free or form- 
ing chloride of iodine. Bromine acts in a similar manner. Chlorine-water likewise 
liliorHteB the iodine. Hydrochloric acid gas decomposes metallic iodides at a red heat, 
forming hydriodic acid gas and a metallic chloride. Concentrated euipkuric and nitric 
acid and likewise acid sulphate of potassium decompose all metallic iodides on the 
application of heat, the products being iodine, which escapes in violet vapours (which 
give a blue colour to paper moistened with starch), and a sulphate or nitrate of the 
corresponding metal. "V^ien this change is protluced by nitric acid, pernitric oxide is 
ftjrmea at the same time ; sulphuric acid and acid sulphate of potassium evolve sulphu- 
rous anhydride, sometimes also sulpliydric acid. Sulphuric acid or acid sulphate of 
potassium with peroxide of manganese, peroxide of lead, or chromate of potassium, 
produces the same decomposition, but without evolution of sulphurous anhydride. A 
of microcosmic salt saturated with oxide of copper communicates u beautiftil 
green colour to the blow- pipe flame on the addition of a metallic iodide (Berzelius). 
Metallic iodides agitatea witli sulphuric acid and sulphide of carlxm^ communicate 
an amethyst-red tint to the latter. 

Very few metallic iodides remain unaltered in contact witli water: such, however, is 
the case with the iodides of bismuth, lead, copper, and 8(*venil of the noble metals. 
Some of them are converted by water into an oxide, wliich is precipitated, and hydri- 
o^lic a<'id which dissolves in tlio water (iodide of tin) : or into a precipitated compoun‘1 
of iodide and oxide of the metal, and a solution of the iodide in aqneons hydriodic acid 
(the icniides of antimony and tellurium). Most metallic iodides are perm’tly soluble 
in water ; and the solution may he reganled as containing either the unnltt^red io<lide, 
or a hydritxiate of the oxide formed by double decom|K)sition (e.g. the iodides of tlie 
alkali- metals, iron, nickel, cooalt, &c.). 

The soluble iodides are extremely poisonous. When evaporated out of contact of air, 
they generally leave anhydrous metallic iodides, wliich partly M'paraie in the 
crystalline form before the water is wholly driven off. Tlie earthy hydriodates, 
how»>ver, are resolved, on evaporation, into the earthy oxides and hydriodic scwl, 
which esca|>es. A very small quantity of chlorine colours the solution yellow ov 
hr«»wn, by partial decomposition; uml a somewhat larger quantity takes up the 
whole of the metal, forming a chloride (or hydrochlorute), ana separates the iodine, 
which tlien gives a blue colour with starch ; a still larger quantity of chlorine gives 
the liquid a paler colour, and converts the separated iodine into trichloride of iodine, 
which does not give a blue colour with starch, and freauently enters into combination 
with tlie chloride produced. Strong sulphuric acid and somewhat concentratefl nitrio 
acid colour the solution yellow or Ivowti ; and if the quantity of the iodide is large, 
and the solution much concentrated or heatetl, they liberate iodine, which partly 
♦‘Hcapes in violet vapours. Starch mixed with the solution, even if it ho very uilute, 
is t«mo<l blue-— permanently, when the decomposition is effected by sulphuric acid; 
for a time only when it is elfected by nitric acid, esTiecially if tliat acid be added in 
large quantity. If the sulphuric acid contains sulphurous acid, which is very likely 
to Ik» the case with fuming oil of vitriol, it does not produce the blue colour, even when 
abided in laige excess. If a liquid in which irxline is present (urine, for example) 
contains much organic matter, which may dec(>mposo the sulphuric acid and form 
sulphurous acid, it will not produce the blue colour with starch and sulphuric acid 
uidcss it bo diluted with wafer (Dupasquior, J. Pharra. 28 , 218 ). If we solution 
likewise contains a salt of iodic acid, most acids produce a brown colour and separate 
i^Kline; because, by virtue of their affinity for the base of the iodate, they facilitate the 
mutual decomposition of the hydriodic and iodic acid : IHO* 6111 3H*0 -s 31*. 

The separation of iodine, and the blueing of the starch likewise takes place on adding 
hydrochloric acid to the solution, together writh a stannic, ferric, or cupric salt, or a 


hydrochloric acid to the solution, tocher writh a stannic, ferric, or cupric salt, or a 
^»lt of chromic acid. Also, if the solution of the iodide be covered with gclatinona 
••taroh, the negarire pole of a small voltaic battery immersed in the former, and the 
I^'sitive pole in the latter, tbe starch is turned blue in the neighbourhood of thepoaitire 
»‘re, even if the solution contains a much larger quantity of bromide or chloride than 
■ (Steinberg, J. pr. Cbem. xxv. 288 ). if the aqueous solution of a metatlie 

*ol»de contains only pai^ of iodine, it gives a strong blue coloor with dilute 
gvlattnotta starch, on the addition of aqua-regia ; with pert of iodine, the 
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Mp^i^ratare of 26‘68 lb. of water 180 degrees Fahrenheit, or from the 
W point; he then quotes experiments by Crawford and by him- ’ 

concludes ** that the quantity of heat produced equably, or in a 
may use that expressioq.), by the friction of me blunt steel 
Ihe 1^1^ of the hollow metallic cylinder, in the experiment under con- 
I ^cUer than that produced equably in the combustion of nine xtmx 
rof an inch in diameter, all burning together, or at the same time, with 
mes.” 

pliaagraphs which follow this are especially remarkable, as they show that 

Hh^otd distlhi&y saw the source of this heat in the mechanical energy which was 
^ifiaiided daring its production : — 

the machinery use<l in this experiment could easily be carried round by the 
one horse (though, to render the work lighter, two horses were actually 
I iu doing it), these computations show further liow large a quantity of heat 
mtgftx be produced, by proper mechanical contrivance, merely by the strength of a 
horse, without fire, light, coni*buHtion, or chemical decomposition ; and, in case of 
necessity, the heat thus produced might be used in cooking victuals. 

** But so circumstances can be imagined, in which this method of procuring heat 
would imt be disadvantageous ; for more heat might be obtained by using the fodder, 
necessaiy for the support of a horse, as fuel.” 

After bringing forward arguments and direct experiments to prove that the evolution 
of heat cannot have been due to an alteration in the capacity for heat of the particles 
of met^ detached from the larger solid masses by the friction, and that it cannot have 
been furnished by the air, nor by the water, nor by the piece.s of metal by which the 
cylinder and borer were supported, he says: — ‘‘It appears to me to be extremely 
difficult, if not quite impossible, to form any distinct idea of anything cai»able of being 
excited and communicated, in the manner the heat was excited and communicated 
in these experiments, except it be motion.” 

According to Joule’s reduction of these results, they indicate that the heat required 
to raise the temperature of a pound of water one degree b’ahr., is equivalent to tho 
mechanical energy represented by 1034 foot-pounds. This number differs considerably 
from that deduced from the more accurate experiments to l>e »le.scribed below ; but tho 
difference is of the kind tliat might have been anticipated, and, considering the manner 
in which Rumford’s experiments were made, it is not exce.ssive. It will be seen that 
these were not of a kind to furnish accurate data for determining tho quaiititutivo 
relation between lieat and w'ork, and it even seems likely that the idea of instituting a 
comparison between theso two quantities first occurred to Rum ford after the 
. i$xperiments were finished, Lis idea, during their performance, having been mrfbher 
i^ualitative than quantitative, and hi.s primary object, as indicatwi in the title of liSs 
* paper, to ascertain the nature of the source of the h<‘at developed by friction. But, 
although tlio numerical results of this investigation were not sufficiently definite to 
possess any great value, tlie investigation, as a whole, is of great importance as indi- 
cating a distinct stage in the development of ideas concerning the nature of heat and 
its relations to other forms of energy ; and it is for this reason that wo have devoted 
to it so comparatively large a share of space. 

These ideas seem to have advanced but little beyond tin's point until about the 
yetf 1849, In that year J. R. Mayer introduced into science the expression “ meclia- 
of heat” (Ann. Cli. Pharm. xlii. 233 ; Phil. Mj«g. [1] xxiv. 371), and 
’ ^bably as much as by the calculation of the numerical value of thisequiva- 
led upon the then inaccurately known ratio of tho two specific heafs of air 
ibutod to promote the general adoption of tho view tlnit heat and work are 
ootfvertiWe. In the same year, Golding, of Copenhagen, communicated to 
B^'al Society of Denmark experiments on tlie production of heat by friction, from 
he concluded that tho evolution of heat was proportional to the mechanical 
expended, and independent of the nature of the substances between which the 
took place. But it was Joule who was the first to publish experiments 
^Wu^l^were at the same time sufficiently varied and suffieionfly accumte to attract the 
; JpWW attention of scientific men, and to be accepted by them as definite proof that 
: fransformation of mechanical energy info heat, or of heat into mechanical energy, 

tgktti T)lac© in every case according to a constant numerical ratio. 

Jdule^s first experiments, bearing directly upon the subject, were published in 1848 . 

xxiii. 441). In this investigation he showed that the heat evolved by 
^ riectnc current, furnished by a magneto-electric machine, is proportional to the 
*4^ ll¥§j!jg c^energy expended ; and that the work done by an elcctro-magnetic engine 
ftOiitt Se work of chemical affinity in the battery, work which would otherwise 
^ the form of heat. From these facts he drew the conclusion, “'Jhat the 

of increasing the temperature of a lb. of water by one d^ree 
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pweipitete is violet ; with rose-coloured ; and with a pale rose-colour is 

produced after the lapse of a few hours (fiarting, J. pr. Chem. xxii. 46). If 
solution likewise contains a large quantity of metallic chloride, the blueing of the starch 
is not readily produced by the addition of nitric acid, in consequence of the formation 
of chloride of iodine ; in this case, a solution of starch in boiling dilute sulphuric acid 
may be added to the solution of the iodide, and then a very small quantity of 
chlorine water, the liquid being stirred at the same time. (Berzelius.) 

The aqueous solution of an iodide ^ves a brown precipitate with salts of bis- 
muth; orange-yellow with lead-salts; dirty- white with cuprous salts, and also with 
cupric salts, especially on the addition of sulphurous acid ; greenish-yellow with mer- 
curous salts ; scarlet with mercuric salts ; yellowish- white with s^Hver-seXtB ; lemon-yellow 
with ^o^-saJts; brown with platinic salts, first however turning the liquid dark brown- 
red ; and black with salts of palladium^ even when extremely dilute. All these preci- 
pitates consist of metallic iodides, many of them soluble in excess of the soluble 
iodide : the silver precipitate is insoluble in nitric acid and veiy little soluble in 
ammonia. 

When iodine is added to an ^ueous solution of a salt of hydriodic acid, the liquid 
takes up an additional quantity of iodine, equal, according to Baup (J. Pharm. 
ix. 46) to that which it already contains. It thereby acquires a dark-brown colour* 
and is su^osed by some chemists to contain a metallic polyiodide or a salt of hydri- 
cdous acid; but the afiSnity by which the iodine is retained is very feeble. 

Many metallic iodides absorb ammonia in definite proportions, forming compounds 
which may be regarded as iodides of ammonium-molecules, having part of the hy- 
drogen replaced by a metal. 

Some of these compounds unite with the oxides of the corresponding metals, forming 
oxyiodides, e.g. antimony and tellurium. 

Metallic iodides also unite with one another, forming double iodides or iodine- 
salts. 

ZODZmsiSf OROAJZZCft 1. Acid ^ — The iodides of acid organic nidicles have not 
been much studied. Iodide of acetyl, C'-H=*OI, is obtained by the action of iodide of 
phosphorus on acetate of potassium or acetic anhydride ; and iodide of benzoyl, C’H*OI, 
by the action of iodide of potassium on chloride of benzoyl. These acid iodides re- 
semble the corresponding chlorides, but are much more easily docomposible. 

2. Alcoholic lodideSy lodhydric or Hydriodic ethers.— Tho monatomic alcoholic 
iodides are produced by the action of hydriodic acid, or iodide of phosphorus, on the 
corresponding alcohols, and by that of hydriodic acid on the corresponding diatomic 
hydrocarbons, €.g. iodide of amyl, from amylene, C^H'^ and hydriodic acid. 

It is doubtful, however, whether the iodides obtained by this last process are really 
identical, or only isomeric with those obtained from the alcohols (p. 286). 

The monatomic alcoholic iodides are less stable than corresponding chlorides, some- 
time decomposing under the influence of light, into the alcohol-radicle and free iodine, 
e,g, iodide of ethyl. 

Heated in sealed tubes with certain metals, viz. zinc, potassium, or sodium, they 
yield a metallic iodide and the alcohol-radicle : e.g. zinc with iodide of ethyl; potassium 
or sodium with iodide of tetryl. With mercury, tin, lead, arsenic, antimony, and a few 
other metals, under influence of heat, or of the sun’s rays, they yield the iodides of 
organo-tuetaihe bodies ; thus, iodide of ethyl, enclosed in a sealed tube with strips of 
tinfoil, and heated in a sealed tube to 180®, or exposed to the sun’s rays concentrated 
by a lens or mirror, yields iodide of stannethyl, (C*-'H*)*Snl* (ii. 235). Sometimes 
the organo-metallic compound thus formed acts further on tjie iodide, giving rise to 
new products (ii. 633, 535). Similar pactions take place when the alcoholic iodides 
are heated with the arsenides, antimonides, stannides, &c. ^potassium or sodium, the 
organo-metallic radicles being then formed with greater Polity, because the alkali- 
metal unites with the iodine. 

The alcoholic iodides, heated in sealed tubes with ammonia, yield a mixture of the 
iodides of various ammonium-bases, in which the hydrogen of the ammonium is more 
or less replaced by the alcohol-radide ; thus, iodide of methyl with ammonia yields a 
mixture of the iodides of ammonium, and of methyl-, dimethyl-, trimethvl-, and tetrame- 
thyl-ammonium. With ^primary and secondary monamines, they react in a similar 
m^ner, the reaction becoming less complex as the amine itself is of a higher order. 
With tertiary monamines they unite directly, yielding the iodides of ammonium-basei 
in which the hydrogen is wholly replaced by the alcohol-radicle, e-g, 

(C:»H‘)*N -1^ C*HH » (C*H»)OT 

Triethyl- Indtde of Iodide of telrethyl- 
amine. othyl. ammonium, 

Similariy with tertiaiy phosphines, arsines, sHbincs, &c. 


m 


heat. 


. » 1. T. ifl Mual to, and may be eonrerted into, a mediinieal tyg 

of Fabren . gag u. fg tjjd perpendieulBr height of o ne foo t." In a 
enable SogX ^ 1844(Pbil. Mag. [3]itrL ^S, Sfff;,fioAowed 

paper, r^^fore the Itoyal^ ^ rarefaction and condensation of air jspro- 
that tl>«,^«***^^^ ^f^fmI^hlTiieafenerCT evolved and absorbed in those opet^tu^ 

ional to the amount of mechani^ eMi£evo electoo-magnetie 


portional to the amount ot mecnani™.^-^--'—- electoH^ 

and obtained » IsTd’anOStT W- ! andxxii. 1. -, ... 

eipenmenta just refor^ ta of water, sperm-oil, and mercury, and 

deemed the he^ oo^ and 787-6, by experiments on these liquids regpec. 

» equivalent to the Q 

requmed to raise the temperature of 1 lb. of water 1 Fahrenheit 

moreeUborato and careful ™-Si‘ 

TistnA iftfiO Ti 61 • Chom Soc. Qu. J. iii. 316), upon the friction of water, 

2Sd Lt-iro’nrby a method similar to that adopted in those last ““‘.on^ The 
aau uwb n , j for the exDerimenU upon water, consists 


Fig, 649. 


Fig, 660. 


ttnA oMt-iron bv a method similar to cnat ...... --- 

wna^is ^ployed in this investigation, for the expenmenU upon water, consisted of a 
SrPdto-Wel furnished with eight sets of revolving vanes, working four 

^ sets of stationary vanes. This revolving appa- 

ratus, of which Jiff. 649 shows a vertical, an<^ 
Jiff. 550 a horizontal section, was firmly fitted 
into a copper vessel (see fy. 561) containing 
water, in the lid of which were two necks, one 
for the axis to revolve in without touching, the 
other for the insertion of a thermometer. A 
similar apparatus, but made of iron,^ and of 
smaller size, having six rotatory and eight se^ 
of stationary vanes, was used for the experi- 
ments on the friction of mercury. The appa- 
ratus for the friction of cast-iron consisted of a 
vertical axis, carrying a bevelled cast-iron wheel, 
against which a bevelled wheel was pressed by 
a lever. The wheels were enclosed in a cast- 

— - — iron vessel filled with mercury, the axis passing 

throtiffh the lid. In each apparatus motion was given to the axis by the descent of leaden 
wlighto m (/y. 661) suspended by strings from the axes of two wooden puUeyB,one ol 

Fig. 661. 
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which is shown at p, their axes being supported on friction-wheels 

ooaei 
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and thsj 


Ibvl 

be easily attached to or removed from the friction ^paratus. r -.ui' i 

The mode of experimenting was as follows: The temperature of the fncttonul 
apparatus having been ascertained, and the weights vmund up, the roller was fixed to 
the axis, and the precise height of the weights ascertained ; me roller was then set at 
liberty, and allowed to revolve till the weights touched the fioor. The roller was 
then detached, the weights wound up again, and the friction renewed. This havii^ ' 
been repeated twenty times, the experiment was concluded with another observation of 
the temperature of the apparatus. The mean temperature of the apartment was 
asceitained by observations made at the beginning middle, and end of eadi ejpcrt* 
ment. Corrections were made for the effects of radiation and conduction ; and, 
experiments with water, for the quantities of heat absorbed by the copper veasd aM 
the paddle-wheel. In the experiments. with mercuiy and cast-iron, the heat-capacity 
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jjooholte iodides iretited with poUtmum- of ^odi u m-^ k o M s ytdd the o»ideo of 
«loohol>ndicle6, thus: 


C?H»I + C«H»NaO - Nal + (C*H‘)»0 

Iodid« or EthylMto of Blhjiio 

ethyl. sodium. oxide. 

CH'I + C*H‘NaO « Nal + CHWH' 

lodid. of KthylMo of Mslhf I Mhy 

methyl. sodium. oxide. 

With iilver^alU of organic acids^ thejr yield compound others, e,g.: 

. C^H*0|n _ A.T 


• Kal 


(C*H‘)*0 

Blhylie 

oxide. 


Kal 


Methyl* ethylic 


Ag r 

Acetate of 
silver. 


cm^ p 

Acetate of 
ethyl. 


The facility with which the alcoholic iodides arc decomposed by these several reagents 
n nders them peculiarly well adapted to the preparation of other compounds of the 

* l)iltomic Al^holic Iodides.— iodides of the olefines, which are the 

only known compounds of this group, are produced by direct combintition ; also by passing 
the vapours of the corresponding monatomic alcoholic iodides through a rod-hot 

into : r.g. . 20=11*1 - C=H<P + 0*11* + H» ; 

and by the action of hydriodic acid on the diatomic alcohols (ii. 578). The few 
which have been prepared are crystalline solids, easily resolved into iodine and the 
diatomic alcohol-radicle, the decomposition taking place slowly, even at oi^inaiy tem- 
peratures. They are completely aeconi|K)8ed by alcohdic potash, yielding iodated 
hvdro’arbons; e.q., iodide of ethylene, C’-'llU'*, is resolved into liytlriixlic acid, HI, and 
i.Kletliylene, Tiieir reactions with ammonia have not been inuoh examined, but 

tl)ey appear to be similar to those of the corresiX)udiiig bromidt*s. (See Ktuyi.knk- 
BASES, li. 685.) 

a. The organo-metallic iodides resemble the corresj)oiuling bromides and 
chlorides ; they are obtained in the manner above described by t lie action of inetale and 
alloys on tlie alcoholic iodides under the influence of h<‘nt or light. 

ZOBXBBB 07 NZTROOZnV. See lonAMinra (p. 208). 

ZODZBB8 07 7K0BPB0RO8f SSXifiirzOM, 8trZi7BirR» and TBliliV* 
BZiniE. See these several elements. 

zoozzra. Atomic weight, 127. Sgmhof, I.— This element was discovered in 1812, 
by M. Courtois, of Paris, in the niother-liqu«ir of kelp from which carbonate of soda 
had been prepart'd. Its chemical properties were examined by Clement and 
Dcsormeg (Ann. Chim. Ixxxnii. 304), and afterwards more completely by Davy 
(IMiil. Trans. 18U, i. 74) and Gay-Lussac (Ann. Chim. Ixxxviii. 311, 310; xci. 6). 
Its name is derived from the Greek word W (violet), on acwuiit of the colour of its 
vapour. 

Iodine exists in many salt-springs and other mineral waters; also in sea-wafer, 
which is the great source of it. The proportion of iodine in sea- water is, however, so 
minute, that it can only be deU'cted by operating upon very large quantities; but it 
iMcomes stored up in the bodies of marino plants and animals, esn<*ciallv in certain 
slpe, the Fuevs jxdmatus, for example. These plants are collecU-d on the roust of 
N*«»tland, Jersey, and other places, and burnt to hsIums in a shallow pit to form kelp or 
varec, a substance which was formerly valued chiefly for the carlsnmtc? of sodium that 
it yielded; but now that this salt is more wonomically manufactunHl from chloride of 
so<)iuni, kelp is cliiefly valuo<i for the chloride of potassium and the ifsline obtained 
fr»>m ity (specially the latteir. Iodine exists in kelp in the form of iodide of potassium 
and iodide of soilium, which, l>cing much more soluble than the other constituent!^ 
remain in the mother-liquor after the carbonaU'S and chlorides have ciystalliscd out.^ 

Iwline has also been found in certain land-plants ; e>g., in tobacco, and in $ sj^cies 
of Halsfda, growing in the floating gardens on the fresh-water lakes near the city of 
Mexico. 

^ arious marine animals also contain iodine, vix., the common sponge, I he horsey 
sjtongc ; various species of Scrtidaria, Ikthularia, Hkizostoma, Cyana, J}or\s, p tmos, ana 
oysters. It is also contained in eod-liver oiL the pale oil containing, acconling to l>« 
Jongh, 0 0374 percent, iodine, the pale brown oil 0*0400, and the brown oil 0*0295 jperwnt 

Iodine is likewise found in several minerals, ifiz., as iodide of mercury and lodtw ot 
silver ; as iodide of potassium, sodium, or ma^esium, in Chili •al^.'fre ; aa lodid* of 
calcium or magnesium in certain dolomites ; in the rock-salt of Halle in the Tytol, 
prolwiljly in the form of iodide of sodium ; and sublimes os i^J<l^dc of animoniii^ 
I'.'^ther with sal-anuuoniac. in the burning coal-mine of Commentiy, 
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MECHANICAL EQUIVALENT OF HEAT, 




of the entire apparatus was ascertained by observing the heating effect wluch it pr^ 
duced on a known gua^itity of water in which it was immersed. In all the experiments 
corrections were also jnade for the velocity with wliich the weights came to the ground, 
and for the friction and rigidity of the strings. The thermometers used were capable 
of indicating a variation of temperature os small as ^ of a degree Fahrenheit. 

The following table contains a summary of the results obtain^ by this meUiod; the 
second column gives the results as they were obtained from weighings made in air ; the 
third column, the same results reduced to weighings in a vacuum. 


Material emplojed. 

Kquivalent in air. 

Equiv ileiit fa vacuo. 

M«an. 

Water 

773-640 

772-692 

772-692 

- Mercury . 

<773-762 

J 776-303 

772-814 > 
776-362 j 

774-083 

Cast-iron . 

<776-997 
• {774-880 

776-045) 
774-930 { 

774*987 


In the experiments with cast-iron, the friction of the wheels produced a considerable 
vibration of the frame-work of the apparatus, and a loud sound ; it was therefore 
necessaiy to make allowance for tlie quantity of force expended in producing these 
effects. The number 772 692, obtained by the friction of water, is regarded as the most 
trustworthy ; but oven this may be a little too high ; because even in the friction of 
fluids it is impossible entirely to avoid vibration and sound. The conclusions deduced 
from these experiments are : 

1. That the quantity of heat produced by the friction of bodice f whether solid or 
liquid, is always 2 >roporiional to the force expended. 

2. That the q-uantity of heat capable of increasinq the temperature of 1 lb, of wator 
{weighed in vacuo, and between 66^ and GO® F.) by 1® h\, requires for its evolution the 
exiKnditure of a mechanical force represented by the fall of 772 lbs. through the space 
of 1 foot. 

Or, the heat capable of increasing the temperature of 1 gramme of water by 1® C., is 
equivalent to a force represented by the fall of 423 65 grammes through the space of 
1 metre. This is consequently the equivalent of “ a unit of hat'* 

Since, in consequence of the re«!oarches tliat have boon mentioned, the attention of 
scientific men has been prominently called to tlie mutual e(jui valence of heat and work, 
several investigations have b»'cn made, either for tln3 exj)ress purtmse of ascerbiining 
the numerical ratio expressing that oquivaleneo, or involving (lefenTiinations from 
which that ratio can bo calculated. In the following table, taken from Verde t’s 
Krjyose de la Theorie Mccaniqite. die la Chaleur (Paris, 1863), the most trustworthy 
determinations of the mcclianieul equivalent of beat arc put together. The numbjj^ > 
hero given represent the number of kilogramme-motrcs wliich is eouivalont to 1 kilo- 
granimo-deOTce centigrade, or the number of grammo-motres which is equivalent to 
1 gramme-degree. 


Table of determinations of the Mechanical Equivalent of Heat. 


, 

Nature of the phenomenon wlicnco 
the determmation ii drawn. 

Philusophert who have 
Indicated the theoretic 
cai prinelple of the 
determination. 

Philosopher! who have 
(Upplled the experimental 
data. 

— 

Mechani- 
cal oqiii. 
valent. 

General properties of air . 

(Mayer. 

{ Clausius. 

V. Ke^jault. ) 

Moll and \*an Bcek. J 

426 

Fj^gtion 

Joule. 

(Joule. 

] Favre. 

424 

413 

Wonc^ne by the staam-engine 
Heat evolved by induced cur- ) 
rents . . . . J 

Heat evolved by an electro- 1 
magnetic engine, at rest and > 

Clausius, 

Joule. 

Him. 

Joule. 

413 

462 

Favro. 

Favre. 

443 

in motion . . , ) 




Total heat evolved in the cir-) 
cnit of a Daniell's battery ) 
Heat evolved in a metallic wire i 

1 through which an electric [ 

1 current is passing . ) 

Bosscha. 

( W. Weber. 

{ Joule. 

|420 


Clausius. 

Qaiutus Icilins. 

1 400 
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* Iodide of mnlhonmm has been foimd in gas-water, in the coke left in the 
and in the ashes of coal and peat from rarious localities. 

Chatin (Compt rend, xxx. 352; xxxi. 280; xxxii 669; xxxiii. 619, 629, 681) has 
found iodine in the waters of various streams and rivers, in quantity increasing with 
the proportion of iron present, and more abundantly in the waters of volcamc dis- 
tricts than in those from the oolitic and limestone formations ; also in the rain-water 
of Paris, Pisa, Florence, and other localities ; but none in the rain-water of moun- 
tainous districts. He also states that it is sometimes present in the air in certain 
localities; but Lohmeyer (Phil. Mag. [4] vi. 237), Macadam (Chem. Soc. Qu. J. 
vi. 166) and others have failed to detect its presence in the air. Macadam has found 
i^ine in commercial potash, in various samples of alkaline carbonates (used as reagents) 
in the ashes of wood- charcoal, in coals, and in numerous plants. 

Preparation. I. From varec or Jcelp, The material is exhausted with hot water ; 

the solution is freed as much as possible, by evaporation and cooling, from the crys- 
tallised salts contained in it (chloride of potassium, chloride of sodium, carbonate of 
sodium, sulphate of sodium, &c.); and the mother-liquor— which, besides iodide of 
sodium, still contains sulphide and hyposulphite of soctium, and a portion of the salts 
already mentioned* — is subjected to one of the following processes : 1. It is heated in 
a subliming apparatus with oil of vitriol : 

2NaI + 2WSO* - Na*SO^ -f 2WO + SO* + P. 

This method is not very advantageous, because the sulphurous acid evolved acts upon 
the iodine and the water which is present, in such a manner as to produce hydriodic 
and sulphuric acids. (Soubeiran.) 

2. The mother-liquor is heated in a subliming apparatus with peroxide of man 
ganese and sulphuric acid (Wo lias ton): 

2NaI + 2H*SO< + MnO* = Na*SO* + MnSO^ + 2H*0 -f P. 

Mr. Whytelaw, of Glasgow, adds one measure of oil of vitriol, carefully and in small 
portions at a time, to eight measures of the mother-liquor contained in a leaden boiler 
—whereupon, carbonic anhydride and sulphydric acid (from the sulphide of sodium) are 
first evolved; and, after exposure to the air for a day or two, sulphurous anhydride 
(from the hyposulphite of sodium) escapes, and sulphur is precipitated. He then 
pours off the liquid from the cry.stallised sulphate of sodium into a leaden cylinder 
placed horizontally in a sand-bath, and fitted with a head, the beak of which passes 
into the first of three tubulated receivers luted one into the other ; heats the mixture 
to 66® C. (149® F.); and, after adding the peroxide of manganese and putting on the 
head, gradually raises the temperature to 100®, but not higher, because at 118® C. 
(244® S'.) chloride of iodine begins to distil over. Sometimes also cyanide of iodine 
collects in the last receiver in white, needle-shaped crystals. The liquid which remains 
in the retort still contains iodine, and on cooling, deposits crystals of iodide of lead and 
double iodide of lead and sodium. 

3. The mother-liquor is evaporated to dryness, the residue heated with peroxide of 
manganese, and the iodine precipitated from the filtered solution by chlorine. This is 
Barruel’s method, which is carried out as follows The residue obtained by evapo- 
rating the mother-liquor to dryness is mixed with of its weight of peroxide of 
manganese, and the mixture heatfd in an iron vessel to commencing redness (stirring 
all the while), but not high enough to cau.se the evolution of vapours of iodine ; the 
heat is continued till a sample of the mixture treated with sulphuric acid no longer 
evolves sulphydric acid or deposits sulphur; that is to say, till j;he whole of the 
sulphide and hyposulphite of sodium are converted into sulphat^ The mass is then 
dissolved in such a quantity of water that the solution may ^^e a density corre- 
sponding to 36® of Baum^’s hydrometer ; chlorine gas is pas8e^^|irough the filtered 
liquid, which is constantly stirred, till a sample treated with more’ chlorine no longer 
gives a precipitate of iodine (excess of chlorine would convert the iodine into chloride 
and r^issolve it), and the pulverulent precipitate of iodine is collected on a filter, 
and purified by sublimation. Mohr is of opinion that a loss of iodine may occur in 
this process during the heating of the evaporated residue with manganese. 

4. The mother-liquor is precipitated by a copper-salt and metallic iron, and the 
cuprous iodide heated with peroxide of manganese (Soubeiran). The mother-liquor 
is fluted with, water, and mixed with a solution of sulphate of copper, aa long as any 
precipitate is produced : 

4NaI -»• 2CuSO« « 2Na*SO« + Cu*P + V ; 
tii4 liquid oontaining the free iodine is separated by decantation and washing from 

* A mother-4lquor (Ton varfc. exanfned IW Soubeiran, contained no carbonate or lutphate; theprin- 
eipal taka coatalned tn It, la adoition to the iodides, were the nitrates of calcluin and mafneslam. 
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Dynamical Thboey of Heat. 

For ▼eiy long, two rival theories have been held regarding the nature of heat : on 
the one hand, heat has been viewed as having a material existence, though differing 
from ordinary matter in being without weight, and in other respects ; on the other hand, 
it has been regarded as a state or condition of ordinary matter, and generally as a con- 
dition of motion. From the latter part of the last century, until the modern researches 
upon the mechanical equivalent, the former view had by fur the greater number of 
adherents. Its popularity may be traced chiefly to the teaching of Black and 
Lavoisier. By the former of these philosophers, the various capacities for heat, or 
specific heats, of different bodies, seem to have been regarded as analogous to the 
various proportions of the same acid required to neutralise equal quantities of different 
bases ; while the solid, liquid, and gaseous states were explained by him as represent- 
ing so many distinct proportions in which heat was capable of combining with ordinary 
matter. Very similar views were advocated by L avoisicr : he regarded all gases as 
compounds of a base characteristic of each, with caloric^ and supposed that when, as 
the result of chemical action, they assumed the liquid or solid state, this caloric was set 
free and appeared as sensible heat. Caloric was thus the physical representative of 
phlogiston, in the same way as oxygen was its chemical representative : the physical 
portion of the phenomena previously attributed to dephlogistication, being regarded by 
Lavoisier as caused by the liberation of caloric, just as the chemical portion was 
explained by him as combination mth oxygen. Thus he uniformly speaks (Traite el6- 
mentaire de Chimie) of the “ decomposition of oxygen-gas by combustible substances, 
into oxygon (which combines with the combustible) and caloric (which is set free). 
It is true that Lavoisier guards himself against definitely expressing his belief in the 
existence of caloric as a substance, but he enumerates it in his list of elements, and 
seeks to explain all calorimetric phenomena by the analogy of the cembination or 
separation of elementary bodies. Hence, whether regarded by him as necessarily 
material or not, it became, for his followers, an imponderable element.” 

It will be seen that heat was compared to a material substance, by both Black and 
Lavoisier, in order to explain its then known quantitative relations ; and from this 
point of view, the conception introduced by them had the great advantage of being 
more easily grasped than any which the advocates of the immaterial nature of heat 
bad to offer in its place. It w'as much easier to conceive of definite quantities of uii 
exceedingly subtile substance or fluid, than of definite quantities of motion which was 
itself undefined as to its nature. It was a direct consequence of the material view', 
tllat heat should be considered as indestructible and as incapable of being produced, 
and therefore that the total quantity of heat in the universe should be regarded as at 
all times the same. 

The greatest difficulty which the upholders of the substantial existence of heat had 
to meet, was its production by mechanical means, a phenomenon of which, as we have 
seen, several instances were distinctly recognised. Here it was not easy to deny the 
actual generation of heat, and to explain the effects as depending merely on its altered 
distribution. Nevertheless, the evolution of heat by friction and percussion was gene- 
rally considered, by the advocates of the material view, as in some way resulting from 
a diminution in Uie canacities for heat of Uie bodies operated upon ; and this explana- 
tion derived considerable support from the remark, made by Black, that apiece of soft 
iron, which has bemi once mode red hot by hammering (see p. 119), cannot be so 
heated a aecond'time until it has been heated to redness in a fire and allowed to cool. 
In this case, certainly, it seemed as though the hararaering forced out heat from the 
mass of iron, like water from a sponge, and that a fresh supply was taken up when tlio 
iron was put in the fire. But, as has been shown already, this e^^natiou .did not 
satisfy Rum ford, who, in the investigation described above, roadejBect experiments 
Upon the specific heat of the chips of metal detached by the friction^ Mud found it to be 
identical with that of brass under ordinary circumstances. An experiment which 
proved, if possible, still more decisively, that the heat generated by friction cannot bo 
tmeribed to a diminution in the specific heats of the substances, was made by Davy, 
in 1799 , the year following the publication of Kumford’s researches. Davy 
arranged two pieces of icc, so that they could be caused to rub against each other under 
the exhausted receiver of an air-pump, but so that it was impossible for heat to bo 
impart^ to them by conduction, and found that by friction they were rapidly con- 
verted into water, that is to say, into a liquid whose specific heat was twice as great as 
that of ioe. From this experiment Davy drew the same conclui^ion that Rumford had 
drawn from his own results, and expressed himself in very similar terms: — “The 
immediato cause of the phenomena of heat then is motion, and the laws of its commn- 
nication are precisely the same as the laws of the communication of motion.” (^ElemmU 
t(fCkemic^ Phiiosoph^f I<ondon, 1812, pp. 94, 95.) Similar views were very forcibly 
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Um i^ipitsted enprouf iodide, and mixed wiUi sulphate of copper and iron ftliagi tiU 
it BO longer smellf of iodine : 

P + 2CuS0« + Fe* « Cu*P + 2FeSO*; 

and the cuprous iodide thus produced is quickly separated by olutriation ftom the 
excess of iron-hlings and from the liquid, before the ferrous sulphate has time to 
oxi<^te in the air. The two portions of iodide, obtoinod os above, are next dried at 
a gentle heat (a stronger heat would decompose the cuprous iixlide, since it is mixed 
with basic ferric sulphate, and evolve iodine); the whole is mixed with twice or three 
times its weight of peroxide of manganese, and a sufficient quantity of sulphuric acid 
to form it into a paste; and the mixture is strongly heated in a subliming apparatus: 

Cu*P + 2MnO* 4- ASIVO* « 20uS0< + 2MnS0« + 2H*0 + P; 
or the sulphuric acid is dis^^ensed with, and a stronger heat applied : 

Cu»I* + SMnO* « 2CuO + Mu»0« + I'. 

In both cases, the iodine which passes over is accoinpanieil hy water derived from 
the hydrated cuprous iodide, from the sulphate of caleiuin pi-eicipitaled witli it, and 
from the sulphuric acid when it is used in the process. Tliis wjiter holds in solution a 
|iortion of the iodine, which may l)e again nrecipitatj^l by sulphate of copper. By this 
process, 100 pts. of the mother-liquor yield 1 pt. of iodine. 

IL From the motherMquor of the Caliche of — This mother-liquor oontmnii, 
according to Reichardt’s analysis : 


Nitrate of sodium ..... 23 300 

Chloride of sodium f/504 

Sulphate of magnesium .... 2 ‘2U 

Chloride of magnesium , . , , 1*121 

lodate of sodium 0*‘I4() 

Water, given off at 100® .... 57 400 

Combined water (and loss) .... C 025 

100 000 


According to Oruneborg (J. pr. Chem. lx. 172), pail of the iodine in Ibis liquid is 
in the form of iodide of magnesium, which is d^vonijxwed, <luring the ev»i|K)rHlion, into 
magnesia and hydriwlic acid, thereby occasioning hms of i(xiine; this however may Im 
prevented by the addition of caustic soda. Tlie licjiior is tlien tr<*aled with iron filings 
and sulphate of copper (as in Soubciran’s metluxl) till the whole of the iodine is 
precipitated as ferrous and cuprous iodide: 

4NaIO* 2CuSO< + Fe'> - CVP + FoP -f 2FeS0‘ + lOFeO 4- 2Na*0; 

lixiate of 

w tntliuia. 

and the precipitate, which also contains oxychloride of copper, is distillml with peroxide 
of manganese and sulphuric ivcid. The receiver conlainK crystals of ifsline and chloride 
of iridine. The latter is heated with carbonate of potassium, whicli sep>ir>ites all the 
iodine, with formation of chloride and chlorate of potassium. 

Jacquelin and Favre extract the iodine from the niothcr-liqnors of caliche and com- 
mercial nitrate of sodium, by the following pnaess, founded on the action of sulphurouii 
acid on the iodates : 

Mg(IO*)* + 6H*SO* - MgSO« -f 4IP80* + H*0 + I*. 

The solution of the nitre having been concentrated to3f>® or 37® Ibn., a sample of it is 
mixed with aqueous sulphurous acid, cautiously and with const iint stirring, until all the 
iodine is precipitates! ; the quantity of sulphurou.s aeid tiw<l is then noted; and from 
tlm data thus obtaintxl, the manufacluring operations are managed. 

The solution of the nitre is run into a cisteni built of stone or fire-bricks, and closed 
^dth a cover coated on the under side with glass plafi^. The cistern is litfi'd with an 
agitator, having stoneware arms worked from al>ove through the cover, while the solu« 
tion of sulphurous acid is being mixed v.ith the liquid. The iodine which prccipiUtei 
is collected, washed, and sublimed as alxjye. 

If the iodine is present in the form of iodide and lodatc together, both chlorine and 
sulphurous acid must be employed, the necessary quantities having been piwfonsly 
ascertained by test-samples. If the iodate is present in the lar^t proportion, the 
chlorine-ifBter ia used, and then the aqueous sulphurcms acid; oat whan llw 
is the chief ingredioDt, the order of treatment is reverse<l. , / , . . 

in. From Mineral lenfer#.— The quantity of iodbe existing in certain miiictal 
waters tnd in spent artificially iodised baths may be extracted by means of ebaieosb 
which completely precipitates free iodine on the surface of its particleai it 


DYNAMICAL THEORY OF HEAT. 

advocated by Dr. Thomas Young in his Lectures on Natural Philosophy ; but* My 
the m*yority of scientific men, facta such as we have been referring to, though xeco^ 
ni^d as ditnculfeies in the way of the material theory of heat, were not allowed to cause 
its* rejection. The ease and apparent precision with which the quantitative phenomena 
of latent and specific heat could bo explained, or at least expressed,, upon this tlieoxy, 
still caused it to be generally preferred to one which gave a less definite and, as it 
seemed, more hypothetical explanation of these phenomena. The mechani<^, or 
dynamical theory, which regarded heat as consisting in a state of molecular motion, 
cannot be said to have been definitely established until it also was made quantitative, — 
until it was shown that exact numerical laws regulated the production of hetit by work 
or of work by boat, equally with its production during solidification, or disappearance 
during fhsion. This, as wo have seen, was effectually accoinplislied by Joule, and 
chiefly as the result of his investigations and of others conducted in the same spirit, 
philosophers have now been compelled to extend their ideas of quantity from matter to 
energy, and thus has ari.sen the new science of Energetics, or the quantitative study 
of the transformations of energy (as chemistry is the quantitative study of the trans- 
formation of matter), comprcliehding and uniting all the different branches of physical 
science. 

We cannot attempt to give anything like an adequate idea of the state of develop- 
ment which the mechanical theory of heat has now readied; but, in order to illustrato 
tlie general nature of the theory, and to show in what sort of way the conception that 
“ heat is motion has been applied to the explanation of such phenomena us have 
formed the subject of this article, we give hero an outline of the view of the constitu- 
tion of gases which this theory affords, first put forwanl, in its present form, by Joule 
(see Ann. Ch. Phys. [3] 1. 381) and subsequently developed by Kro nig (Pogg. Ann. 
xeix. 315) and Clausius (ibid. 363), and of the explanation of the relations existing 
b(*tween solids, liquids, and gases, whieh lias been doduced from it by the last-iianiod 
philosopher. The account which follows, of these applications of the dyimniical theory, 
i.s taken from Watts’s aupplement to Graham's hdamntsaf Chemisiry. It will bo 
seen that the explanations of phenomena whieh this theory affbrds, are at least equally 
(Idlnito with those which cau be given upon the view of tlio material luituro of 
heat. 

First, then, it is assumed that tho particles of all bodies aro in constant motion, and 
that tliis motion constitutes heat, the kind and quantify of motion Varying according 
to the state of the body, whether solid, li(juid, or gaseous. 

In gases, the molecules — each molecule being an aggregate of atoms — are supposed 
to be constantly moving forward in straight linos, and with a constant velocity, till they 
itnpingc against each other or against an impenetrable wall. Tliis constant impact of 
tlie molecules produces the expansive tendency or elasticity, which is the ^culiar 
characteristic of the gaseous state. The rectilinear movement is not, however, tno only 
one with wliich the particles are affected. For the impact of two molecules, unless it 
takes place exactly in the line joining their centres of gravity, must give rise to a 
rotatory motion; and, moreover, the ultimate atoms of which tho molecules aro com- 
posed may be supposed to vibrato within certain limits, being, in fact, thrown inbj 
vibration by the impact of the moleeule.s. This vibratory motion is called, by Clausius, 
the moti^ of the constUiunt atoms (Biwegunym der Btstandthcilc). The total quantity 
of heat in the gas is made up of the progressive motion of tho nioli'iculeB, together with 
the vibratory and other motions of the constituent atoms; but the progrossivo motion 
alone, whieh is the cause of tho expansive tendency, determines the temperature. Now, 
the outward pressure exerted by the gas against the containing envelope arises, accord- * 
mg to our hy^thesis, from the impact of a great number of gaseous molecules against 
the sides of the vessel. But at any given temperature, that is, with any given velocity, 
the number of such impacts taking phice in a given time, must vary inversely as tho 
volume of the ^ven quantity of gas ; hence the pressure varies inversely as the volums 
or directly as the density^ whieh is Boyle’s law. 

volume of the gas is constant, the pressure resulting from the impact of 
tho molecules is proportional to the sum of tho masses of all the molecules multiplied 
into the squares of their velocities, in other words, to tho so-called vis viva or living 
Jarce of the progressive motion. 

If, for example, the velocity be doubIe<l, each molecule will strike the sides of the 
vesikd ^th a two-fold force, and its number of impacts in a given time will also be 
doubled ; hence tho total pressure will be quadrupled. 

Now we know that when a given quantity of any perfect gas is maintained at a con- 
stant volume, it tends to expand by ^ of its bult at zero for each degree ceotipade. 

ence th^ressure or elastic force increases proportionally to the temperature reckoned 
rom— 273° C. ; that is to say, to the absolute temperature. Consequently, the absoltM 
^*pcrature is proportional to tho ^is viva of the progressive motion, 

k2 
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retnains fixed like a dye upon cloth, and*4?ftnnorbe footed by heat» by cfaloHn^ 
or by water or alcohol either hot or cold. Animal charcoal acts most ^weffoUy, but 
lamp-black is recommended for the purpose on acaount of its cheapness and its 
state of fine division. The water contaftmng thp iodine-compound having been tinted 
with a mixture of 1 pt. sulphurip -iq t pts, nitric acid, to set thewdirie free, is 
run on to a filter filled with charcoal, and the charcoal thus iodised is placed u^n 
another filter, where it is mixed with hydrated protoxide of iron, whereby the iodine is 
converted into soluble iodide of iron, which may be obtained in the solid state by eva- 
porating in a current of hydrogen, or distilled with peroxide qf manganese and sulphuric 
acid in the usual way, to obtain iodine. 

Purification . — The iodine obtained by either of the preceding processes may be 
purified by washing with a small quantity of water, pressing between paper, drying 
and subliming a second time. According to SeruUas, the iodine of commerce may b^ 
completely purified by solution in alcohol, filtration, and precipitation with water. ^ 

For further details relating to the manufacture of iodine, see Richardson and Watts's 
Chemical Technology^ vol. i. part 3, pp.‘ 662-676. 

Properties . — Iodine is at ordinary temperatures a crystalline solid, having a greyish'- 
black colour and metallic lustre, like plumbago or specular iron-ore. It is transparent 
only in very thin slices, and then appears red by transmitted light. It is very soft, 
and easily pulverised. It crystallise.s by sublimation in large brilliant, rhomboidai 
^•lates, or in elongated octahedrons. Finer crystals are obtained from solution, as by 
exposing to the air an aqueous solution of liydnodic acid, or a solution of iodine in ether. 
The c^stals belong to the trimetric system, having their axes in the ratio of 4 : 3 : 2. 

Iodine melts at 107® C. (224*6 F.), and solidifies in a lamellafed mass on cooling. 
It boils (when immersed in strong sulphuric acid) between 176® and 180® C. (347°- 
366® F.). In the open air it volatilises at ordinary temperatures, especially when 
moist, diffusing an odoui* having considerable resemblance to that of chlorine, but 
easily distinguished from it. Its vapour has a splendid violet colour (hence the name 
of the substance). Ihe saturated vapour is so deep-coloured, that a stratum four inches 
thick is impen’ious to daylight or candlelight. The colour is seen to great advantage 
when a quantity of iodine is thrown upon a hot brick. Iodine-vapour is one of the 
heaviest of gaseous bodies, its specific gravity referred to air as unity being 8*716 
according to the experiments of Dumas, and 127 x 0*0693 = 8*801 by calculation 
from the atomic weight 

Iodine dissolves but sparingly in water, 1 pt. of iodine requiring 7,000 pts. of water 
to dissolve it at ordinary^ temperatures. Alcohol and ether dissmvo it more readily, 
forming dark brown liquids. The alcoholic solution yields crystals of iodine by eva- 
poration, and is decomposed by water, which throws down the iodine as a brown 
powder. Iodine also dissolves with facility in water containing soluble iodides, or 
nitrate or chloride of ammonium, the solutions having a deep red colour. A liquid 
containing 20 grains of iodine and 30 grains of iodide of potassium in an ounce of 
water, is known as Lugol’s solution, and is preferred in medicine to the alcoholic 
tincture, because it is not decom{)osed by dilution with water. Iodine is soluble in 
sulphi^ of carbon, a very small quantity of it being sufficient to impart to the liquid a 
very rich violet tint. 

Iodine in its chemical reactions resembles chlorine and bn^mine, but is less energetic, 
and is displaced from most of its combinations by either of those bodies. It destroys 
colouring matters but slowly, and does not decompose water under the infiuonce of the 
sun’s rays. It exerts a destructive action on organic tissues, producing a deep yellow 
brown stain on the skin, paper, &c. This colour disappears afreif a while under the 
influence of heat, if the contact has not been too much prolong||d. 

Iodine forms with starch a compound of a deep blue colo^iluble in pure water, 
but insoluble in acid and alkaline solutions. Its production Sbrds an exceedingly 
delicate test of the presence of ii^ine. If the iodine is in the free state, the blue 
colour is at once piwluced, but if it is in combination as a soluble iodide, no coloration 
hikes place till the iodine is liberated by chlorine or nitrous acid (see Iodides, Metaluc, 
p. 287). The blue compound is decolorised at a temperature of 70® or 80® C. (168®- 
176® F.), but recovers its colour us the liquid cools. 

Iodine is employed in the laboratory for many chemical preparations, and as a test for 
stjuxsh. It was first introduced into medicine by Coindet of Geneva, who employed it 
^th success for the treatment of goitre, either dissolved in alcohol, or in solution of 
iodide of pot^ium, or as iodide of sodium ; and since that application, most mineral 
waters to which the virtue of curing goitre was ascribed, have been found to contain 
iodfee (Boussingault, Ann. Cli. Phys. liv. 163). On the other hand, Lohmeyer 
(Phil. Mag. [4] ri. 237) failed to detect iodine in the air and water of certain monn- 
Uinous distnets which are peculiarlv free from goitre. Iodine appears to have a specific 
action in causing the absorption of glandular swellings, and is also administered as a 
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Buddom aressel of the form of a reetongoto por^elopiped, the leugthg of vh<«e 
«des ^ X, y, X, to contain n gaa-moleculcs, each having the mass m. Suppose, also, 

the space enclosed by this regsel to be divided into ^ equal cubes; and at a giVen 

instant let there tie in each of these cubes sk ps-molecuies, moving sere^ly h the 
-X +v -V -X, and with the common velocity e. Let it also 
brsfpposed that the molecules exert no mutual action upon each other, but pass with- 
out hKdrance from side to side of the vessel. It is required to determine the pressime, 
which the gas exerts against one of the sides, yx, of the vessel. The pressure arising 
from the imViact of h single gas-molecule is mca, if a denote the number of impacts 
which take place in a unit of time. Now, a molecule moving at right angles to ye or 
paraUel to x, strikes against ys every time that it passes over the space 2x ; therefore 
0 

To find the total pressure P upon ys, the quantity, mca, must bo multiplied by the 
number of molecules which move parallel to x, which number, since two atoms out of 

eveiysbcareparalleltor, is | HenceP « m.c, ^ And the pressure p upon a unit 


of surface of the side yz,\^p 
const; nt factor : 


c ^ . 2. ; or if we put xyz = v, and leave out the 
2x Z yz 


nme^ 


This expression shows that the pressure exerted upon a unit of surface is the same for 
each aiac of the vessel ; also, that the pressure is inversely in proportion to the volume 
of the gas, which is Uoyle’s law. . v 

The product, wo*, or the vis viva of an atom, is the expression of the temperature 
reckoned from the absolute zero, or — 273® C. 

If, in the preceding value of p, wo put wc* = t, wg have 


p . 


nr 

V 


that is to say, when the volume is constant, the pressure varies directly as the absolute 

temperature. (Krdnig.) , „ - *t,. 

If, for two different gases, we suppose p, r and v, equal, it follows from this expres- 
sion,’ that n also must be the same for both. That is to say, at the same t^emporaturo 
and ju^cssure, equal volumes of different gases contain the same number of molecules. 
Hence also, the mass, m., of a molecule is proportional to the specific gravity, s, of tho 
gas : or, the molecular weights of different suWances are proportional to their vapour- 
densities (taken at temperatures at which the vapours have tho properties of true 
gases). 

Clausius, taking into consideration the vis viva of the vibratory and rotatory 

. , . finic* 

movements as well of tho progressive movements, arrives at the expression, p « 


or j)V «=» which differs from that of Kronig only by h constant factor. 

From this equation, it is possible to deduce the mean value of tho absojuto pro^essivo 
velocity of the molecules of any gas for any given temperature, gives, m fact^ 
directly, 

nm 


or, putting j for the weight of the gas, and y for the force of gravity,— 

an expreufion which contains only numerically determinable quantities Denoting by 
p the density of the givs compared with that of air at 0®, intr^ucing into the formula 
the known values of the weiglit of a litre of air and of the force of gravity, taking p 
equal to the normal atmospheric pressure, and denoting tho absolute temperature by t, 
the value of c, expressed in metres, becomes 

' “ m 



IODE(^: I^Mig^_CHLX)RIDEa SM 

tank. Iodine iwi^wed in Uie |K>Ud otOto ^iuftes ulottation of the mucous membmno of 
the s/omnohi Odd death. ^ 

Iodine is extensively used in photography. The sensitive film of the daguerreotype 
plate consists of iodide of sUver, produced by^ositposing a ptdished plate ofthe motal to' 
the action of iodine-vapour; and surfiu^ of napei^ collodion, alVumin, &c. are remiered 
capable of taking photographic pict^ by dipping them first in a solution of nitrate ^ 
silver and then in iodide (or sometimes bromidi*) of potassium. 

ZOBnrSt BBOMZBB8 OF, Iodine forms with bromine a solid, volatile, 
crj'stalline compound, probably a protobromide, IBr (B a lard), and with excess of 
bromine, a dark brown liqid^ soluble in water, probably a pentabroniide, IBr* ^Lowtg). 
On exposing the pentabromido together with a small quantity of a^ter to a tempemtuni 
below 0®, a crystalline hydrate is formed which at + 4® is resolved into water and 
bromide of iodine. (Lowig.) 

ZOBZVB, CBliOUDW OF. Iodine unites dinvtiy with chlorine, forming A 
protochlorido and a trichloride, and pc*rhaps also a j>entaeliloride. Thcrt> is also a 
tetrachloride produced by decomiK^sition of tlie protoeliloride. 

Frotoobloride. ICL— Of this eoin])ound there are said to bo two modification^ 
one liquid at common temperatures, the other solid ; but the diffenmees observed are 
jwrliaps duo to the presence of small quantities of foreign sub8tauct^8, or to slight 
variations in the proportions of the chlorine and io«lim*. It is obtaiiunl 1. By 
passing dry chlorine gas over dry iodine till the whole is liquefied, but no lunger. • 
2. By distilling iodine with chlorate of jiotassium, oxygen Ix'ing then evolvinl, the proto- 
chloride distilling over, and a mixture of chloride, ic^te, and perchlorate of potassium 
rtnnuining behind (Berzelius): 

I» + 3KC10* - KC10« + KIO* + KCl h 0* + 101. 

Tlie protochloride of ic^ine obtained by either of these processes is described ns a 
reddish-brown oily liquid, and nothing is said about its solidification {GvieUtCi 
IlantIffOflk, ii. 346). According to J. Trapp also (J. pr. Cbem. Ixiii, 108), the 
liquid protochloride obtained as above does not solidity. But P. Hchutzenberger 
(Zeitschr. Chem. Pharm. 1862, p. 1) by passing dry chlorine in the cold over dry 
iiKline (100 grms.) till it was liquefi^, then adding more iodine (50 gmis.), distilling 
Intween 100° and 102®, imd rectifying between tlie same limits, obtaiu<Ml a liquid 
which crj'stallised in long ntynlles when cooled to 10® in an o|>en vessel, but if sealed 
up in a flask before it had time to solidify, retained its fluidity for 24 hours oven when 
c«K>hHl to between 2® and 3®, and when the flask was openo<l, txilidified suddenly, with 
rise of temperature,' like a supersaturated solution of Glauber’s salt. The crystals 
when exposed to the air, melted at 30® and solidified again at 26®. A similar result 
was obtained by introducing 31 grms. of iodine into a flask (*onUiining 8*7 grms. of 
chlorine (quantitic*s pro^mrlional io the utomie weights). The whole of the chlorine 
wiis rapidly absorbeil, and a liquid was forniiMl which romaimHl unaltor<‘d for many 
hours at 6® or 6®, but ultimately sfdidifled completely. — By distilling iodine with 
chlerate of potassium, Schiitzenberger likewise obtained a dark-coloured liquid which 
quickly crystallised. 

Trapp {loc, eit.) has also obtained the profochloride of iodine in the solid state by 
rtrongly heating iodine in a retort till it melted, and passing a stream of diy ehlurino 
into the iodine-vapour till all the iodine had disappeared ; the up|K*r part- of tlie retort 
then became filled with a thick red-brown vapour, and the solid protochloride of iodine 
!H>llected in the receiver in laige, hyacinth-red, transparent prisms and tables, which 
melted at 25® to a red-brown oily liquid. 

Protochloride of iodine is very volatile ; has a pungent odour of chlorine and iodine; 
attacks the eyes strongly; tastes slightly acid, strongly astringent and biting; stains 
the skin deep-yellow, and produces smarting. It decolorises indigo and liimtis, but 
does not give a blue colour with starch. It deliquesces in the air, and aacording io 
^y-Lussac, dissolves easily in footer without dfx!omposition ; aceoiding to Schutaen* 
berger, on the other han<^ it is decomposed by water, yielding iodic and hydrochlorio 
•cids, with separation of iodine, and formation of an ioilised compound, which remains 
mssolved in the water, but may be extracted then-from by ether. The protochlorids 
dissolves in alcohol and in ether, forming yellow solutions. 

Protochloride of iodine sometimes decomposes spontaneonsly into the totracblorids 
free io^ne : 4IC1 — ICP -e I* (Kknimerer, J. pr. Cbem. Ixxxiii. 88).— Whan 
^ted, it gives off the trichloride, leaving a retidoe of pure iodine : 8IC1 *» Id* -»• I* 
(Kan^ Phil. Mi^. [3] x. 430). Sulphurous and sulphydric acids decomtxife it witli 
^rpmtion of iodine. With aqoeoua aolutiona of the fixed alkalis it yiel<ui a cbUnci^ 
and iodate and free iodine : 

6KHO + 6Ja - 5KC1 4- KIO» + 8H*0 + I\ 

*^0 iodine liowever diiscdving in excess of the alkaU in the form of iodide and fodati^ 
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whidi at 0® Oi^ for Oxygen e 461 metres per second 

„ Nitrogen c * 492 „ „ 

„ Hydrogen e — 1844 „ „ 

Hence, the velocity of translation of the molecules of a gas is inversely as the square^ 
root of its density, which gives Graham’s law of the diffhsion of gases, and the 
law of their velocity of entrance into a vacuum. 

Moreover, as the motions of the constituent particles of a gas depend on the manner 
in which its atoms are united, it follows that in any given gas the different motions 
must be to one another in a constant ratio ; and, therefore, the vis viva of the pro- 
gressive motion must be an aliquot part of the entire vis viva of the gas ; hence also 
the absolute temperature is proportional to the total vis viva arising from all the 
motions of the particles of the gas. 

From this it follows that the quantity of heat which must be added to a gas of 
constant volume in order to raise its temperature by a given amount, is constant and 
independent of the temperature. In other words, the specific heat of a gas referred to 
a given volume is constant, a result wliich agrees with the experiments of Kegnault, 
mentioned at p. 34. This result may be otlierwiso expressed, as follows : 7'he total 
vis viva of the gas is to tJie vis viva of the progressive vu)tion of the molecxdes^ which is 
the measure of the iemperature^ in a constant ratio. This mtio is different for different 
gases, and is greater as the gas is more complex in its constitution ; in other words, 
as its molecules are made up of a greater number of atoms. The specific heat referred 
to a constant pressure is known to differ from the true specific heat only by a constant 
quantity (see p. 42). 

The relations just consi<lorcd between the pressure, volume and temperature of gases, 
presuppose, however, contain conditions of molecular constitution, wliich are, 
perhaps, never rigidly fulfilled ; and accordingly, the experiments of Magnus and 
Kegnault (p. 48) show that gases do exhibit slight deviations from Gay-Lussac and 
Boyle’s laws. \VTiat the conditions arc which strict adherence to these laws would 
require, will be better understood by considering the differences of molecular constitu- 
tion which must exist in the solid, liquid, and gaseous states. 

A movement of molecules must be supposed to exist in all three states. In the 
solid state^ the motion is such that the molecules oscillate about certain positions of 
equilibrium, which they do not quit, unless they arc acted upon by external forces. 
This vibratoiy motion may, however, be of a very complicated character. The con- 
stituent atoms of a molecule may vibrate separately ; the entire molecules may also 
vibrate as such about their centres of gravity, and the 'Vibrations may be either recti- 
linear or rotatoiy. Moreover, when extraneous forces act upon the body, as in shocks, 
the molecules may permanently alter their relative positions. * 

In the liquid state, the molecules have no determinate positions of equilibrium. 
They may rotate completely about their centres of gravity, and may also move for- 
ward into other positions. But the repulsive action arising from the motion is not 
strung enough to overcome the mutual attraction of the molecules and separate them 
eumpletely from each other. A molecule is not permanently associated with its ncigh- 
lx)Ura, as in the solid st.ito; it docs not h*avo them spontaneously, but only under the 
influence of forces exerted upon it by other molecules, with which it then comes into 
the same relation as with the former. There exists, therefore, in the liquid state, a 
vibratory, rotatory and proffressive movement of the mulceulos, but so regulated, that 
they are not thereby foreSi asunder, but remain within a certain volume without 
exerting any outward pressure. 

In the gaseous state, on the other hand, the molecules are removed quite beyond the 
sphere of their mutual attractions, and travel onward in straight lines according to the 
ordinary laws of motion. When two such molecules meet, they fly apart from each 
other, for the most part, with a velocity equal to that with which they came together. The 
prfectionof the gaseous state, however, implies: 1. That the space actually occupied 
by the molecules of the gas be infinitely small in comparison with the entire volume of 
the gas. — 2. That the time occupied in the impact of a molecule, either against 
another molecule or against the sides of the vessel, bo infinitely small in comparison 
with the interval between any two impacts. — 3. That tbo influence of the molecular 
forces be infinitely small. '\^en those conditions are not completely fulfilled, the gas 
Intakes more or less of the nature of a liquid, and exhibits certain deviations from 
Gay-Lussac and Boyle’s laws. Such is, indeed, the case with all known gases ; to a 
jwy alight extent with those which have not yet been reduced into the liquid state ; 

to a greater extent with vapours and oondensable gases, especially near the points 
of condensation. 

return to the consideration of the liquid state. It has been said that 
tae molecule of a liquid, when it leaves those with which it is astoeiated, ultimately 
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—With aqii«)»i» os alcohoKc ammonia, it yieUa ■varitfn* iodami^ (tk« w-ealled iodidea 
of nitrogen (p. 289), according to the proportiona need and the manner u iriiiidi the 
reaction takes place, e.g. : - 

8IC1 + NH* « SHCl + NI». (Mitscherlich.) 

2IC1 + NH* - 2HC1 + NHP. 

ICl + NH» « HCl + NH^I. 

3IC1 + 2NH* « 3HC1 + NP.NH*. (Bunsen.) 


Mercuric chloride added to a concontrated aqueous solution of protochloride of iodine 
throws down mcTCuric iodide, leaving trichloride of iodine in solution (Kane)i 
4IC1 + HgCl* = Hgl* + 2IC1*. 

stannous chlnride added in smfill quantity to the concontrated aqueous solution, pre- 
cipitates iodine, and is converted into stannic chlonde: but on adding a larger 
quantity of the stannous chloride, the iodine disappears, and stannous iodide separates 
in brilliant orange-coloured needles (Kano) : 

2ICI + SnCP = P + SnCl<. 

2IC1 + SSnCl* = SnP + 2SnCR 


Protochlorido of iodine acts very readily on many organic compounds, the chlorine 
taking up an atom of hydrogen to form hydrochloric acid, and the iodine taking its 
place. In this way, many iodine-substitution-compounds may be obtained which could 
not be formed by the action of iodine alone ; e. g., iodopvromeconic acid, C*H»IO*, from 
vvromeeonic acid, (J. Brown, Edinb. Phil. Trans, xxi. [1] 49); mono- and 

di-iodophenic acid.s, from phenic acid, C«H«0 (Sengenwald, Compt. rend. liv. 197). 
On the alcoholic hydrides, hydride of heptyl for example, protochloride of iodine acts 
in a manner opposite to that just mentioned, converting them into chlorides, with 
elimination of hydriodic acid (Schorlemmer, p. 144). In some cases, chloride of 
iodine unites directly with an organic compound, with ethylene, for example, forming 
chloriodide of ethylene, C'^H^CII (Maxwell Simpson, Proc. Koy. Soc. x\i. 278). 
Accortiing to Geuther, however (Ann. Ch. Pharm. cxxiii. 123), when dry coal-gas iS 
passed over fused protochloride of iodine, the ethylene contained in it is converted into 
dichloride of ethylene : 

cm* + 2IC1 == cm*c\^ + p. 


From iodised organic compounds it sometimes takes away one or more atoms of iodine, 
replacing them by chlorine ; thus it converts iodide of ethyl into chloride of ethyl 
(Geuther); 

^ C-IPI + ICl « Cm^Ci + P; 


di-iodide of ethylene into chloriodide of ethylene (M ax well Simpson): 

C^H^P ■¥ ICl = C*H*IC1 + P; 


or into dichloride of ethylene (Geuther) : 

+ 2IC1 C^'H^Cl* + Ih 

Benzene, C®H“, is violently attacked by protochloride of iodine, yielding .chiefly 
crystalline chlorinated products of high boiling point, together with iodated bwles and 

free iodine. , , , ^ 

Trloliloiide. ICl*. — This compound is produced: — 1. By treating iodine at a 
gentle heat with excess of chlorine gas.— 2. By introducing flnely divided iodic anhy- 
dride into dry hydrochloric acid gas ; the mass then liquefies and boils, and on cooling 
deposits trichloride of iodine in long needles (Serullas): ■ * 

1=0* + lOHCl “ 2IC1* -t 5H*0 

Also by mixing the crystallised iodic acid or anhydride with l^ng hydrochloric acid, 
the trichloride then crystallising out. (Soubeiran.) - 

Trichloride of iodine is orange-yellow, and crystallises on cooling after fusion in lo^ 
needles (Serullas). It acts on other substances in the same manner as the nrotochlonde 
(Kane); decolorises solution of indigo (Gay-Lussac); does not turn stanm blue, except 
on the addition of an aqueous solution of stannous chloride, or other dechlorinating 
substance, which sets the iodine free. \ * -i. 

It melts at a temperature between 20® and 26®, evolving chlorine gas, which it a^n 
absorbs on cooling (Serullas). In contact’with a veiy small quantity of “ 

partly resdved into an insoluble yellowish portion (probably a mixture of tncUonde 
of iodine and iodic anhydride), and a solution of protochloride of iodine and hydro-, 
chloric acid (Serullas) : 

4ia* + 6H*0 » lOHCl + 1*0* + 2IC1 

. trichloride of iodine is less readily dissolved by water than the protochloride; the 
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take* ap a aimUar position with regard to other molecnles. ThjH however, does not 
preclude the existence of considerable irregularities in tne actual movements. Kow 
at the surface of the liquid, it may happen that a particle, by a peculiar combinatioil 
nf the rectilinear, rotatory and vibratory movements, may be projected from the 
neighbouring molecules with such force as to throw it completely out of tjieir sphere of 
action, before its projectile velocity can be annihilated by the attractive force which 
they exert upon it. The molecule will then be driven forward into the space above 
the liquid, as if it belonged to a gas, and that space, if originally empty, will, in con- 
sequence of the action just described, become more and more filled with these projected 
molecules, which will comport themselves within it exactly like the molecules of a gas, 
impinging and exerting pressure upon the sides of the envelope. One of these sides, bow- 
over, is formed by the surface of the liquid, and when a molecule impinges upon this surface, 
it will, in general, not be driven back, but retained by the attractive forces of the other 
molecules. A state of equilibrium, not static, but d 3 mamic, will therefore be attained 
when the number of molecules projected in a given time into the space above, is equal 
to the number which in the same time impinge upon and are retained by the surface 
of the liquid. This is the process of vaporisation. The density of the vapour required 
to ensure the compensation just mentioned, depends upon the rate at which the par- 
ticles are projeeted-from the surface of the liquid, and this again upon the rapidity of 
their movement within the liquid, that is to say, upon the temperature. It is clear, 
therefore, that the density of a saturated vapour must increase with the temperature. 

If the space above the liquid is previously filled with a gas, tho molecules of this gas 
will impinge upon the surface of the liquid, and thereby exert pressure upon it ; but as 
these gas-moleculoa occupy but an extremely small proportion of the space above the 
liquid, the particle.s of tho liquid will be projected into that space almost as It it wore 
empty. In the middle of the liquid, however, the external pn'ssure of the gas acts in 
a different manner. There also it may happen that the molecules may be separated 
with such force as to produce a small vacuum in tho midst of the liquid, But this 
space is surrounded on all sides by masses which afford no passage to the disturbed 
molecules ; and in order that they may increase to a permanent vapour-bubble, the 
number of molecules projected from the inner surface of the vessel must be such as to 
produce a pressure outwards, equal to the external pressure tending to compress the 
vapour-bubble. The boiling point of the liquid will, tliorofore, be higher as the 
external pressure is greater. 

According to this view of the process of vaporisation, it is possible that vapour may 
rise from a solid as well as from a liquid ; but it by no means necessarily follows that 
vapour must be formed from all bodies at all temperatures. The force which holds 
together tho molecules of a body may bo too great to be overcome by any combination 
of molecular movements, so long as the temperature docs not exceed a certain 
limit. 

Tho prcduction and consumption of heat which accompany changes in the state of 
ag^ogation, or of the volume of lK)dios, are easily explained, according to the preceding 
principles, % taking account of the work done by the acting forces. This work is 
partly external to the body, partly internal. To consider first the internal work : 

When the molecules of a body change their relative positions, the change may take 
place either in accordance with or in opposition to the action of the molecular forces 
existing within the body. In the former case, the molecules, during the passage from 
one state to tho other, have a certain velocity imparted to'them, which is immediately 
converted into heat ; in the latter case, the velocity of their movement, and conse- 
quently tho tomperuturo of tho body, is diminished. In the passage frtim the solid to 
the liquid state, the molecules, although not removed from the splij^g of their mutual 
attractions, neverthele.ss change their relative positions in oppo8iti«|io the molecular 
forces, which forces have, therefore, to be overcome. In ovaporatic^h certain number 
of tho molecules are completely separated from the remainder, whfbh again implies the 
overcoming of opposing forces. In both cases, therefore, work is done, and a certain 

S jrtion of the v/s viva of the molecules, that is, of the heat of the body, is lost. 

ut when once the perfect gaseous state is attained, the molecular forces are completely 
overcome, and any farther expansion may take place without internal work, and, there- 
fore, without loss of heat, provided there is no external resistance. 

But in nearly all cases of change of state or volume, there is a certain amount of 
external resistance to be overcome, and a corresponding loss of heat. When the 
pressure of a gas, that is to say, the impact of its atoms, is exerted against a movable 
obstacle, such as a piston, the molecules lose just so much of their moving power as 
they have imparted to the piston, and, consequently, their velocity is diminished and 
the temperature lowered. On the contrary, when a gas is compressed by the motion 
bf a piston, its molecules are driven back with greater velocity than that with which 
they impinged on the piston, and, cons«'quontly, the temperature of the gas is raised. 



IODINE: INSTECfn^ AND ESTIMATION. tSf 

aolution may be regarded either as aqueoas trichloride of iodine— irhich Is 
the more probable enipposition ; or as a mixture of hydrochloric acid and iodic aoid 
oontainiog free iodine ; or as a mixture of hydrochloric acid and an acid of iodine 
which contains 2 atoms of Qxygen*(iodous ^d): 

6IC1* + 9H*0 - 16Hei + 8HIO« + I\ 

Iodic Acid. 

or ICl» + 2H*0 « 3HC1 + HIO*. 

ludouc 
ACid. 

A similar solution is obtained on passing chlorine gas to saturation, through 1 pt of 
iodine diffused iu 4 pts. of watc*r, the mixture being ke|>t cool, and the excess of 
chlorine afterwards removed by a current of atmospheric air. The solution, when 
saturated with chlorine as (x>inpletely as possible, Inis a bright yellow colour and 
contains rather more than 3 atoms of chlorine to 1 atom of iodiiu*, because the waWr 
gives rise to the formation of a small quantity of hydrcwhloric acid and iodic acid 
(Soubeiran). Solution of trichloride of ioiliiio may also be pnqmred by precipitating 
an aqueous solution of the protochloride with mercuric cldoridc, and distilling the 
liquid after decanting it from the precipitated iodide i:f mercury. 

When an aqueous solution of trichloride of iodine is gradually mixeil with sulphuric 
acid, and the vessel kept cool, the trichloride scparjitxs in tlie fonn of a white cunly 
mass, which afterwards assumes an orange-yellow colour ; on heating the mixture, it 
dissolves, but separates again as the liquid cools ; on distilling the mixture, the tri- 
chloride passes over (Serullas). Ether does not separate trichloride of iodine (tom 
an aqueous solution (Dumas) ; but if protoclilorido of iixiiuo is also present, the ether 
takes up the trichloride in company with it, provided the solution is not too dilute 
(Sorullasb An aqueous solution of trichloride of icsline iieutralise<l with a fixed 
alkali, yields a chloride, jui iodate, and a precipitate of iotline, which redissolvee in Ml 
excess of alkali in the form of iodide and iodate (Liebig): 

6ICP + ISKHO = 15KCI + 3KI0‘ + P 4 9H*0. 

On mixing the aqueous solution with an aqueous solution of neutral iodate of potoitium 
and then adding alcohol acid iodate of potassium is pr('cipitat4Kl (fferullas). An 
ui^iueous solution of trichloride of iodine agitateil with a smiill quantity of oxide of 
»ilvar, yields chloride of silver and iodic arid ; when a larger quantity of oxide of silrer 
is used, the chloride of silver is mixed with iodate (rierullas), and iodide of silver is 
probably formed at the same time : 

3IC1* 4- 5Ag»0 4- IPO - 9AgCl i- Agl 4- 2niO*. 

Silver-Uaf is converted by aqueous trichloride of iodine into chloride and iodide of 
silver (Serullas). When aqu(*ous trichloride of iodine is mixed with a small 
quantity of a solution of stannous chloride, a precipitate of iodine is obtained, soluble in 
excess of the tin-salt. (Knne.) 

Trichloride of iodine unites with inetaUic chlorides. (Filhol.) 

TetraetiloHde. ICl*. — Produced by spontaneous decomfxwition of the liouid 
protochloride, 4IC1 ■■ ICP 4- I*. Crystallises in red octahedrons, the free ioding 
separated at the same time remaining dissolved in the mother-liquor. (KMmmorer, 
J. pr. Oliem. Ixxiii. 83.) 

Ventaoliloiide. ICP.— Not known in the free state. Dry iodine cannot be made to 
combine with 6 atoms of chlorine (Liebig). Iodine difflirntd in 4 pts. of wativ does 
not absorb much more than 3 atoms of chlorine, and the yellow solution oliCatned yields a 
precipitate of iodine when saturakKl with alkalis (Houbeiran). The sameresultii are 
obtained when the quantity of water is 8 or 10 times as great as that of the iodine. 
If, however, the iodine be diffused through a still larger quantity of water, 20 pts. tor 
instance (Soubeiran), the iodine combines with 6 atoms of chlorine; the soltitioii in 
this case is colourless, or merely coloured yellow fri>m excess of chlorine, which may be 
removed by a current of air ; it exhibits all the properties of a solutioD d hydroehiorio 
and iodic acids (Liebig, Soubeiran, L. Thompson): 

P 4- Cl'* 4- OHK) - lOHa 2HI0*. 

A solntion of the same kind is obtained on mixing dilnte hydrochloric and iodic acids. 
It smelb strongly of chlorine and slowly decolorises a solntion of indigo (Oay-Liissac). 
^ron^ snlphuric acid precipitates trichloride of iodine from it and libccafcs clilariaa. 

xoBnr^ BSTscTSOir An wmcATm or. Iodine in tfat toea 

state is easily recognised by the violet vapour which it gives off when hsatadi tnd bf 
Its reactkai with stsreh. Tlie starch for tlus purpose should br pctfeciljr ttdonrisaa « ft 
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When a liquid is converted into VHponr» the molecules have to overcome the atino- 
Bphoric pressure or other external resistance, and, in consequence of this, toother vdth 
the intern^ work already spoken o^ a l^e quantity of heat disappears, or » rendered 
hient, the quantity thus consumed being to a considerable extent affected by the 
external pressure. The liquefaction of a solid not being attended with much increase 
of volume, involves but little external work ; nevertheless the atmospheric pressure 
does influence, to a slight amount, both the latent heat of fhsion and the melting 
point. 

We must here mention, in conclusion, a very remarkable consequence of the relation 
of mutual convertibility which, as we have endeavoured to show, exists between heat 
and other forms of energy, “ Professor WilliamThomson has pointed out the fwt, 
that there exists (at least in the present state of the known world) a predominating 
tendency to the conversion of all the other forms of physical energy into heat, and to 
the uniform diffusion of all heat throughout all matter. The form in which we gene- 
rally find energy originally collected, ia that of a store of chemical power, consisting of 
uhcombined elements. The combination of these elements produces ener^ in the form 
known by the name of electric currents, part only of which can be employed in analysing 
compounds, and thus reconverted into a store of chemical power; the remainder is 
necessarily converted into heat; a part only of this lieat can be employed in analysing 
compounds, or in reproducing electric currents. If the remainder of tlio heat be 
employed in expanding an elastic substance, it may be entirely converted into visible 
motion, or into a store of visible mechanical power (by raising weights, for example), 
provided the elastic substance is enabled to expand until its temperature falls to the 
point which corresponds to the absolute privation of heat ; but unless this condition be 
f ulfilled, a certain proportion only of the heat, depending upon the range of temperature 
through which the elastic body works, can be converted, the rest remaining in the state 
of heat. On the other hand, all visible motion is of necessity ultimately converted 
entirely into heat by the agency of friction. There is, then, in the present state of 
the known world, a tendency towards the conversion of all physical energy into the 
sole form of heat. 

“ Heat, moreover, tends to diffuse itself uniformly by conduction and radiation, until 
all matter shall have acquired the same temperature. 

“ There is, consequently, Professor Thomson concludes, so far as wo understand the 
present condition of the universe, a tendency towards a state in which all physical 
energy will be in the state of heat, and that heat so diffu.sod that all matter will be at 
the same temperature ; so that there will be an end of all physical phenomena. 

“ ^’’ast ns this speculation may seem, it ap]Tears to bo soundly biised on experimental 
data, jind to represent truly the present condition of the universe, so far as we know it." 
(llankine, Phil. Mag. [4] iv, 8d9.) 

For Radiation and Conduction of IRat, see Radiation. 

Appendix. 

Tlie following table gives the temperatures measured by the air>thermoineter, at 
which, according to Rcgnault's experiraents (M6in. Acad. Sciences, xxvi. 668^, the va- 
pours of the liquids enumerated in it exert a pressure equal to that of 760 miilimetrea 
of nioreur}' : — 


Subslance. 


1 Sui.»tai)cc. 

reroperature. 

Nitrous oxide 

Carbonic anhydride . 
Sulphydric acid . 

Ammonia .... 
Chlorine .... 
Cldoride of methyl 

Oxide of methyl . 

Sulphurous anhydride 
Chloride of ethyl , , 

Chloride of cyanogen . 
Chloride of boron 

Ether .... 

Bromide of ethyl 

Sulphide of carbon 

- 87-900 

- 78-2 
- 61-8 
- 88-6 

- 33*6 

- 2373 

- 23-63 

- 1008 
+ 12-50 

12-66 

1823 

34-97 

38-37 

^6*20 

1 Chloride of silicop 

Chloroform 

Methylic alcohol 

Trichloride of phosphorus . 
Pc‘rchlorido of carbon (CCP) 
Alcohol .... 
Benzene .... 
Bromide of ethylene . 

Oil of turpentine 

Oxalate of methyl • 

Oil of lemons 

Mercury , . . 

Sulphur .... 

66*81<» 

60*16 

66-78 

73-80 

76-60 

78-26 

80-36 

131-60 

169-16 

164-20 

174-80 

367*26 

448*00 


The next table, also from Rcgnault’s experiments {Op. cit. pp. 327-83^ givM the 
■pj^ific heats of various substances in different states oi aggrep;atioii. WheW!, in th# 
column indicating the temperature, some particular degree is given, the number repre* 
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m IODINE : ESTIMATION. 

may “be prepared by boiling potato-starch . or arrow-itoot with water and leaving it to 
cool To obtain a delicate reagent, B^champ (Zeitschr. Analyt. Chem. i 466), recom- 
mends the following mode of preparation. Gelatinous starch is boiled with a quantity 
of concentrated potash-ley equal to of the weight of the starch contained in it, 
till it has become perfectly fluid ; the liquid is then diluted with water, supersaturated 
with acetic acid, and precipitated with alcohol ; and the bulky precipitate is boiled first 
with alcohol of 60 vol. per cent, then washed, first with alcohol acidulated with sul- 
phuric acid, then with pure alcohol of the same strength, and dried. For use, the dried 
preparation is to be suspended in hot water. 

When iodine exists in solution in the form of hydriodic acid or a metallic iodide, it 
may be separated by the addition of chlorine-water, sulphuric acid, or nitric acid, and 
will then give the blue colour with starch. When chlorine- water is used, care must be 
taken not to add an excess, as a chloride of iodine will then be formed which will not 
exhibit the starch reaction. (See Iodides, p. 287.) 

The methods of detecting iodine in insoluble iodides, and in presence of oxygen, 
sulphur, phosphorus, &c., are the same as those employed when it is to be estimated 
quantitatively. 

Quantitative Estimatio «. — Iodine in the free state is best determined by moans 
of a standard solution of sulphurous acid (see Analysis, Volumetric, i. 265). When it 
occurs in the solution in the form of hydriodic acid or a metallic iodide, it may either 
be set free by chlorine-water and estimated volumetrically in the same manner ; or it may 
be precipitated by nitrate of silver in the same manner as chlorine and bromine (i. 677, 
903). 100 pts. of iodide of silver correspond to 64T28 pts. of iodine. 

It may also bo precipitated as iodide of palladium, by mixing the solution with 
chloride or nitrate of 'palladium. A black precipitate then falls, which settles down 
slowly but completely, and when ignited, leaves metallic palladium, 100 pts. of which 
are equivalent to 239*62 pts. of iodine. 

This last method of precipitation serves also to separate iodine from bromine and 
chlorine. If the chlorine is also to be estimated, the precipitation must of course be 
made with nitrate of palladium, not with chloride. If bromine is present without 
chlorine, the iodine must be precipitated with chloride of palladium, because the nitrate 
would precipitate bromine as well as iodine ; the precipitation of the bromine may 
however be prevented by the addition of a soluble chloride. To estimate the chlorine 
and bromine in the filtered liquid, the excess of palla^lium is removed by sulphydric 
acid and the excess of the latter by means of nitric acid or a ferric salt. The bromine 
and chlorine may then be precipitated by nitrate of silver, and the precipitate treated 
in the manner already described (i. 903). Iodine may also be estimated in presence 
of chlorine by the method already described (i. 678) for the estimation of bromine, viz., 
by precipitating the two elements with nitnite of silver and heating the silver precipi- 
tate in a stream of chlorine. The quantity of iodine is equal to the loss of weight 
127 

multiplied by 1-28. 

A precisely similar method may be applied to the detennination of iodine in presence 
of bromine, the precipitate of iodide and bromide of silver being ignited in bromine- 

127 

vapour, and the loss of weight multiplied by — « 2*70. 

127 ~ 80 

For other methods of estimating iodine in presence of chlorine and bromine, see 
i. 678. 

The method of decomposing insoluble iodides^ so as to obtain the iodine in solution, 
are similar to those adopted for insoluble bromides (i. 678). * 

lodates and periodates are reduced to iodides by the action of rfphurous or sulphydric 
acid. To decompose them by ignition would not give accuratijjifswlts, us a portion of 
the iodine would be driven off. 

The compounds of iodine with phosphorus, arsenic and antifhonyvasiy be decomposed 
and analysed by treating them with water or aqueous alkalis, whereby the iodine is 
convertea into hydriodic acid, and may then be precipitated with nitrate of silver from 
a solution acidulated with nitric acid. The iodides of stdphiir are most readily 
analysed by heating them in a combustion-tube with nitrate of potassium and carbonate 
of s(Mium, whereby the iodine and sulphur are converted into metallic iodide and sul- 
|diate. (Guthrie, Chem. Soc. J. xiv. 69.) 

Iodine in organic compounds may be estimated in the same manner as chlorine 
(L 247). In the more easily decomposible compounds, such as the iodated ofganic 
acids, the iodine may also bo determined by decomposing the compound with water and 
aodinm-amalgam, then acidulating the solution with nitric acid, and precipitating with 
nitrate of silver. The same method may be applied to the corresponding bromine- and 
.Alorinc-compounds. (KekuU, Ann. Ch. Pharm. Suppl. i. 338.) 


HEAT. 


ia» 

*>ntiiig the ipectfic best is the elementaty specific heat at that degree of temperature,— 
that Uf the quantity of heat required to cause a very alteration of temperature in 
one gramme of the substance^ compared with the quantity required to cause a like 
infinitesimal alteration of temperature in 1 gramme of water. When an interval of tem- 
perature is given, the specific neat is the mean specific heat within that interval: — 


Substance. 

Solid. 

Liquid. 

Gaseous. 

Temperature. 

ISpCciQc 
I Heat. 

Temperature. 

Specific 

Heat. 

Temperature. 

Specific 1 
Heat. ' 

Water . 

— 78° to 0® 

0-474 

10° 

1-0 

128° to 220° 

0-4806 

»» 

-20 too 

0-504 

10 to 100 

1-0 



Bromine 

- 77-8 to - 25 

p-0833 

- 7-3 to 10 

0-1060 

83 to 228 

•0656 




+ 13 to 58 

*1129 



Alcohol 



-20 

•5053 

105 to 220 

■4534 




0 

•5475 






+ 20 

•6951 






40 

•6479 






60 

•7060 






80 

•7694 



Ether . 



-30 

■6113 

70 to 220 

■4797 




0 

•6290 






+ 30 

•5467 






35 

•6497 



Sulphide of carbon 


-30 

•2303 

73 to 192 

•1670 


II • 

• • 

0 

•2352 




II • 

• • 

+ 30 

•2401 




11 • 

• • 

46 

•2420 



Methylic alcohol 


Oto 20 

•6700 

101 to 223 

'4680 

Acetone 

* « • 


-30 

•4824 

129 to 233 

•4125 


t • • 


0 

•6064 




• • • 


+ 30 

*5302 




• • • 


60 

•6540 



Sulphydrate of ethyl , 


20 to 70 

•4786 

120 to 223 

•4008 

Chloride of ethyl 


- 27-6 to + 4*5 

•4276 

19 to 172 

•2738 

Bromide of ethyl . 


0 to 20 

•2160 

77-7 to 196-6 

•1896 

Cyanide of ethyl 


-30 

•4325 

114 to 221 

•4262 




0 

•5086 



If 

II • 


+ 30 

•5847 




II • 


60 

•6608 



tf 

11 • 


90 

•7369 



Acetate of ethyl . , 


-30 

•4960 

116 to 219 

•4008 

If 

It • 


0 

•6274 



If 

It • 


+ 30 

•6688 






60 

*5902 



Chloroform 


- 30 

•2293 

117 to 228 

•1567 


• • • 


0 

■2324 




« • • 


+ 30 

•23.54 




. ■ • 


60 

•2384 



1 Chloride of ethylene . 


-30 

•2790 

111 to 221 

•2293 

11 

11 • 


0 

•29'22 



If 

11 • 


+ 30 

•3054 



If 

11 • 


60 

•3186 



Benzene 



20 to 71 

•4360 

116 to 218 

•3754 

Oil of turpentine 


0 

•4106 

179 to 249 

‘5061 

tt 

II • • 


40 

•4638 



It 

II • • 


80 

•4842 



II 

II • • 


120 

•6019 




II • • 

• • 

160 

•6068 



Chloride of silicon 

• * 

0 to 20 

•1900 

90 to 234 

•1322 

Trichloride of phosphorus 

• • 

12 to 98 . 

•2092 

12 to 246 

•1347 

Chloride of arsenic 


14 to 98 

•1760 

169 to 268 

•1122 

Stannic chloride . 


14 to 98 

•1475 

149 to, 273 

•0939 

Tetrachloride of titanium 


12 to 98 

*1880 j 

162 to 272 

•1290 


G. C. F. 
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lOblNE ; OXIDES AND OXYGEN-ACIDS. m 

Atomk Weiakt of Iodin€,-^Tko earlier attempts to determine the atoroie weifrht of 
thia element^ bj Proast> Davy, Gay-Lussac and Berzelius, gave results varying ftom 
84 to 126, that is to say, considerably below those obtained by more recent detwmiua. 
tions. Millon, by i^iting iodate of potassium and iodate of silver, and weighing the 
remaining iodides, obtained the number 126*47 ; but the result is not quite exact! be- 
cause the iodides themselves are partly decomposed by ignition. 

The most exact determinations have been made byMarignac (Bibl. uni v. de Geneve, 
xhi. 367) and Dumas (Ann. Ch. Pharm. cv. 93). Marignac determined the quantity 
of iodide of potassium required for precipitating a known quantity of silver the 
nitrate, and found, as the mean of five closely agreeing experiments, that 100 pta silver 
are precipitated from the solution of the nitrate by 163-74 pts. iodide of j)otu88ium ; 
whence the proportion 100 : 163-74 =» 108 : 4? gives 166 04 for the atomic weight of 
io<lidoof potassium; and this diminished by 39-2, the atomic weight of potassium, gives 
for that of iodine the number 126-84. 

In another set of experiments, Marignac determined the quantity of iodide of silver 
precipitated by iodide of i^otassium from a known weight of silver dissolved in nitric 
acid. As the mean of thn‘e closely agreeing experiments, ho found that 100 pts. of 
silver give 217*611 pts, Agl : hence the atomic weight of iodide of silver is 
1 7-51 1 X 108 

Too ■*234-91, which, diminished by 108, gives for iodine the number 

126-91. 

Dumas decomposed pure iodide of silver by ignition in a strc'um of chlorine, and 
weiglied the chloride of silver thus produced. In one ( xperiment 3-620 grms. irniide 
of silver gave 2-149 chloride ; in another 7 011 iodide gave 4 281 chloride. Both these 
results give for iodine the atomic wt‘ight 127, which is the number now adopted. 

ZOnZlSrS, OSLX9B8 AMS) OMYCIBM*ACZS8 Ol*. The seric's of oxidised com- 
|)4 >uikI 8 of iodine is not as yet so complete as that of chlorine. The following hiivoWeii 
described and analyscni with more or less accumey : 


Ilypo-iodous acid 


Acids, 


HIO 


Oxidis or Anhydrides. 


Millon’s Sub-hypo-iodic neid . 
Periodic oxide (Millon’s Hy - ) tv/m 
po-iodic acid) ■’ {lO'orl'O* 

I Intermediate Iodic oxide . . I*0’* 

Iodic anhydride .... DO* 
Periodic anhydride . , , PO^ 

Of these, the only compounds whoso composition has been established w ith certainty 
art) iodic and periodic acids, with their corresponding anhydrides and salts. The ex- 
istence of hyfsi-iodous acid and of periodic oxide has been rendered probable by experi- 
ments which will be presently described. The remaining oxides, I‘*0'* and are 
of very doubtful constitution: the substances analysed were perlmps impure periodic 
oxide, or the last may have been iodic anhydride containing excess of iodine. 

Ifypo-iodous acid. HIO? 

of iodine corresponding to hyjxK-hlorous acid appears to exist, but 
neitlier the acid nor its salts have yot Isien obtaintMl in definit^j Dirm. According to 
Magnus and Ammermiiller, disodic periodate givc*s off part, of its oxygen when ignited, 
and yields a residue, the solution of which in cold water possesses iJooching properliet 
(p. 310). Mitscherlich (Pogg. Ann. xi. 162; xi-ii. 481), by dissolving iodine in 
moderately strong soda-ley, till the liquid began to show colour, and evaporating at a 
low temperature, obtained a salt con.sisting of Na*I^O*. 10lI*O, which however might 
hare been a mixture composed of iodide and iodate of sodium : Nal.NalO* 10H*O ; in 
fact the Bait when treated with alcohol is resolved info soluble icxiidc and insoluble 
iodate. Wohler (Pogg. Ann. viii. 96), by distilling iodine with anhydroua peroxide 
of barium, obtained a yellow liquid which he regurued as hypo-iodous acid, or rather 
anhydride. (Vid. Om. ii, 262.) 

^ According to Schonbein (J. pr. Chem. Ixxxiv. 386), when 1 at. iodine is dissolved 
10 an aqueous solution of 1 at potash, the formation of iodate of potassium does not 
take place immediately, but is preceded hy that of hypo-iodite of potassium, just as in 
the case of chlorine; the solution, which has the odour of saffron, and exhibits 
^pertiM similar to those of the hypochlorite, is however very unstable, the hypo- 
wdite Wing resolved, gradually at ormnary temperatures, and instantly at the boiling 
heat, into iodide and iodate: 3KIO ■■ 2KI + KIO*. Bchonbein also fnds thi^ 
ny^iodite of ammonium is formed by the action of iodine on excess of ammonia. 

According to Lenssen and Ldwentbal (J. pr. Chem. Ixxxvi. 216), hypo-iodouf 
•®»d is eontained in the solution formed by the action of carbonate of sodium (or otlieir 


HEAVt SFAR. m 

aEMLVmAX. Barytes. Nafive Sulphate qf Barium, Ba'*80\ — Thii mineral 
occnn in crystals belonging to the trimetric system. Ratio of axes a : 6 ; c. 0*6206 : 1 : 
0*7618 ; ooP : coP in the macrpdi^nal principal section ■■ 63^ 88V; ooP2 : in 

the same 102 ^ 18'; I^ao : Poo in the basal section « 74^ 36 '; ^oo : ^oo in the 
same » 100 ^ 40 '. ^s, 552-656 represent frequently occurring combinationB. 


Fiy. 652 . Fiff. 653 . %. 554 . 



The crj'stiils aro sometimes prismatically elongated in the direction of one of tho 
ax*‘s (Ju/s. 553, 654), and sometimes reduced to Uio tabular form by shortening in 
one direction (see Crystallooraphy, ii. 149). Cleavago very distinct, parallel to 
cr.f’». Tho mineral occurs also massive, with fibrous or laminar structure; also 
gr:i!iular. Hardness 2’6 to 3*6. Specific gravity 4 3 to 4-72. Colour white, or in- 
clining to grey, blue, green, yellow, red or browm. Streak white. Lustre splendent^ 
bi twcon resinous and pearly. Transparent, exhibiting various degrees of translucency 
down to perfect opacity. It is poractimes foetid when rubbed; an impure variety called 
hepatite exhibits this property in a peculiar degree. It decrepitates beforci tho blow- 
pi}>e, and fuses with aifficulty at the edges only. In the inner flame it is reduced to 
bulpliide of barium, and then gives off sulphydric acid wlien treated with an acid. 

Purehcavy spar contains 34*33 per cent. SO’ and 65*67 Ba’O; but the mineral gonerallv 
also contains small quantities of alumina, oxide of iron, silica, and carbonate of cal- 
cium, Sulphate of strontium is also a common ingredient. Tho variety called caltiron-‘ 
haryte contains 1 at. lime and 1 at. strontium to 9 at. barium. 

It is a very abundant mineral, generally occurring in metalliferous veins, as in tha 
lead-mines of Durham, Cumberland, and Westmoreland, It cwcurs also in seconda^ 
limestones, sometimes in distinct veins, and often in crystals associated with coelestia 
and cjilospar. In Staffordshire and Derbyshire is found an opaque, massive variety 
called catvh^ having an earthy appearance and dirty white colour. On tho continent 
of Europe it is found chiefly at Felsobanya and Kremnitz, at Freiberg, Maricnbei^, 
Clausthal, and Prribram, and at Roya and Roure in Auverme. Rounded masses, 
corapoBed of divergent columnar particles, occur at Mount Faterno, near Boloapui, 
hence called Bolognese stone. At Freiberg, in Saxony, a variety occurs composed of 
indistinct prismanc crystals, having a pearly lustre, called Stangenspath by Wem«r. 
(For the American localities, see Dana, ii. 367.) 

Heavy spar occurs sdtered to calcspar, spathic iron, cerusite, quartz, limonite red 
iron-ore, pyrites, psOomelane, gothite. 

The white varieties of heavy spar are ground and used os a white paint, sometimes 
al(me, but more generally mixed with white lead, the heavy spar alone not possessing 
■ufficieot opacity to form a good pigment. 



298 IODINE: OXIDES AND OXYGEN-ACH)& 

^kaline liquid) on trichloride of iodine, which is yellow, reddens benzene, cdouis starch 
blue, and contains a salt having the composition Nal*0 or NidO.!*, that is, hypo, 
iodite of sodium with 2 atoms of ffee iodine, on the removal of which, either by excess^ 
^ali, sulphurous acid, benzene, or other reagents, the hypo-iodite of potassium 
is immediately resolved into iodide and iodate. The alWine solution of hy^iodous 
add is decomposed by iodide of potassium, yielding free alkali and free iodina accord- 
ing to the equation : 

KI ^ NalO + H*0 = KHO + NaHO + P. 

The subject requires further examination. 

Verio die oxide^ 10*, and Oxides nearly allied to it in corrvposition. 

Periodic oxide is obtained, according to Mi lion, by treating with dilute alcohol the 
powder (p. 299) produced by the action of fuming nitric acid on iodine, regarded by 
Kammerer as nitroso-iodic anhydride, PO^(NO)*. ^ 

When iodic anhydride is heated with 5 pts. of strong sulphuric acid, tUl a few 
bubbles of oxygen are given off, a scaly sulphur-yellow substance is formed, which 
appears to consist of 4I*0».2I0*S0‘H*. If the boiling be continued, the evolution of 
oxygen goes on, and crystals are formed, having a much deeper yellow colour than the 
preceding, and apparently consisting of 2r-0M0* SO«H. Water decomposes both 
these compounds into sulphuric acid, iodic acid, and iodine. By continumg the actiou 
of the sulphuric acid till iodine begins to escape as well as oxygen, two other 
compounds are formed, to which Millon assigns the formula 2I0''.2S0*.H‘0 and 
I‘®O'®.10SO*.IPO. These substances, subjected to the action of moist air, appear to 
yield the compounds 10* and in the free state. To the latter, Milfon gives the 
name suh-hypo-iodic acid [anhydride^ 

When sulphurous anhydride is allowed to act upon iodic anhydride longer than is 
required to form the compound 6P0®.S0* (p. 299), a large quantity of iodine is 
separated, and a lumpy adhesive mass is formed, which, if left for a day standing over 
water in a bell-jar, then washed with alcohol and with water, leaves an oxide of iodine 
containing 1*0**, contaminated with a small quantity of sulphuric acid. It is a brown- 
yellow powder which does not decompose in the air, but absorbs a small quantity of 
water from it. Dilute nitric acid dissolves it, with separation of iodine; fuming nitric 
acid converts it into iodic acid. When heated to 100® it splits up into iodine and iodic 
anhydride; 6I®0‘* ea 131*0* + I*. Water decomposes it slowly at ordinary tem- 
peratures, quickly at 100®, into iodine and iodic acid. 

^ Aqueoim alkalis act in the same manner ; but alcoholic alkalis do not act upon 
it at ordina^ temperatures. This circumstance distinguishes it from the oxides 
,10* and P»0« above-mentioned, which, according to Millon, form with alcoholic 
potaah, brick-red easily decomposible salts. Absolute alcohol, ether, acetic other, and 
sulphide of carbon are likewise without action on the oxide I«0>», even at the boiling 
neat (Kam merer, J. pr. Cbem. Ixxxiii. 72.) 

Iodic acidy Anhydride and Salts. 

Zodlo Aoia. HIO*. (Gm. ii. 253.)—Thi8 acid is produced by the action of oxi- 
dising agents upon iodine in presence of water or alkalis. According to Pettenkofer 
(Jahresber. 1867, p. 681), it is sometimes found in commercial nitric acid (the iodine 
being doubtless derived from the Chili saltpetre used in the preparation). According to 
Kiche (Compt. rend. xlvi. 348), it is produced by the electrolysis of aqueous hydriodic 
acid or aqueous iodine; in the former case, the hydriodic acid is simply oxidised toHIO* 
V oxygen evolved by the decomposition of the water; in the latter the iodine is first 
converted into hydriodic acid, which is then oxidised in the manner jiist mentioned. 
It is also produced b 3 ’' the action of iodine on chloric or bromic ^hci^ (Kam merer J, 
pr. Chem. Ixxxv. 462.) 1 * 

^ Preparation. — 1. Small quantities of iodic acid are conveni«Bk prepared by heating 
iodine with the strongest nitric acid free from nitrous acid in a wide glass tube, and 
living the liquid to cool. Iodic acid is then deposited in crystals (Conn el). 
Jacquelain (Ann. Ch. Phys. [3] xxx. 332) recommends this as the best mode of 
preparing iodic acid in all cases. He heats 6 grms. of diy iodine in a flask with 
200 ^s. nitric acid of specific gravity 1-6 to 60® for an hour; decants the supernatant 
liquids (the up|)er consisting of nitric acid containing pernitric oxide, the lower of a 
i^-brown solution of iodine in nitric acid) from the separated iodic acid ; diatila these 
liqmds do^ to one-sixth ; and gently heats the residue, together with the oystallised 
iodio acid, in a vessel in which it is protected from dust ; iodic anhydride then separates 
in nacreous ciystals.— 2. For preparing larger quantities, Liebig’s method is, however, 
generally preferred. It consists in suspending an ounce or two of pulverised iodine in 
a pound of water, and passing a stream of chlorine tlirough the Kquid, till the iodine 
is completely dissolved : 

6H*o + aa* -I- I* « lOHa + 2 Hio*. 


lag HEBETIN— HELIANTHUS. 

amBTnr. Anhydrous silicate of zinc. (See Willbmitb.) 

BaBBirsaKClXTa. A black variety of augite, containing a large quantity of 
iron, little or no magnesia, and no alumina. Specific gravity 3*5. Found chiefly at 
Tunaberg, in Sweden. 

BB&XJC, Ivy. — The seeds of this plant contain a nitrogenous sub* 
stance resembling emulsin, also fat, two peculiar acids, sugar, a small quantity of 
pectin, and inorganic salts. From the fresh seeds, ether extracts a green oil, 
containing a solid and a liquid fat. The former is somewhat difficult to saponify, 
and yields by saponification a fatty acid, which, after repeated crystallisation from 
alcohol, melts at a temperature not above 30°, and forms a silver salt containing 
from 27’4 to 27'6 silver (Posselt). The acids contained in ivy-seeds are described in 
'the next article. 

BBBBBZO A.CZB. An acid contained, according to Posselt (Ann. Ch. Pharm. 
Ixix. 62) in the seeds of ivy {Hedera helix). It is obtained by treating the seeds 
with ether to remove fatty matters, and boiling the residue with alcohol, which dis- 
solves the acid, and deposits it, after concentration, in needles or delicate scales, 
colourless, and insoluble in water and in ether. The acid is inodorous, but possesses in 
a high degree the acrid taste of ivy-seeds. It gives by analysis, 66*5 per cent. C, and 
9‘6 H ; its rational formula is unknown. It gives off 5 42 percent, water at 100°, 
and chars without melting at a higher temperature. In contact with strong sulphuric 
acid it assumes a fine purple colour. 

Hcderic acid decomposes carbonates, and forms gelatinous salts, most of which are 
insoluble in water, but soluble in alcohol. Even the potassium- and amnionium-si\\tB 
dissolve but sparingly in water, and are deposited as gelatinous precipitates when the 
solutions are- left at rest. The «7i>cr-salt is deposited from boiling alcohol in white 
crystals. 

Ivv-seods likewise contain another acid, the presence of which greatly impedes the 
purification of hedcric acid. This acid is uncrystalli sable ; soluble in water, alcohol 
and ether ; forms soluble yellow salts ; precipitates lead-salts, reduces nitrate of silver, 
and colours ferric salts green. It appears to belong to the family of the tannic acids. 

BBBSBZBIJ. An alkaloid said, to exist in ivy-seeds. (Vandamm'o and 
Chevallier, J. Chim, m6cL [2] vi. 581.) 

BSBTPBABZt. A variety of green lead-ore in which the lead is partly replaced 
by calcium. Found at Lfingsbanshytta, iii Sweden ; also called Mimktenb {q.v.) 

BBljSSTBlTB* An oily hydrocarbon produced by distilling helenin with phos- 
phoric anhydride. After rectification, it is yellowish, lighter than water, and has a 
faint odour resembling that of acetone. Boils between 285° and 295°. Gives by 
analysis 89 0 to 89*8 C, and 101 to 10 4 II, agreeing nearly with the formula 
(89’8 C, and 10-2 H). Its formation may perhaps be represented by the equation : 

C*'H280» » + H*0 + 2CO. 

The evolution of carbonic oxide has not, however, been actually observed. 

Helcnene heated with fuming sulphuric acid is converted into aidpho-kclcnic acid, 
the barium-salt of which contains 17 ’75 per cent, barium. 

BSZtSlfZlf* C*'IT**0*. — A crystalline substance existing in the root of elecampane 
(Inula heknixn7i)\ it was first observed by Geoffrey, afterwards examined by Dumas, 
and more especially by Gerhardt ( TraiU^ iv. 296). It may be obtained by distilling 
the root with water, or better by boiling it with alcohol of 80 per cent. ; filtering the 
solution at the boiling heat, and mixing it with three or four times iUMVolumo of cold 
water. The liquid, after twenty-four hours, deposits heleain ingoing quadrilateral 
prisms. 

Helenin is perfectly colourless, and has very little taste or odouiJOTt is insoluble in 
water, but very soluble in alcohol and ether. It melts at 72°, and'boila between 276° 
and 280®, decomposing more or less at the same time. 

Helenin is not attacked by alkalis in aqueous or alcoholic solution ; but when 
heated with potash-lime, it yields a resinous compound, which remains combined with 
the potash. Strong sulphiwic acid dissolves it with blood-rcd colour, forming a con- 
ju^ted acid. Hyd^rochloric acid gas is absorbed by it in large quantity. 

By chloHru^ with the aid of heat, it is converted into oJUorhclminj perhaps C**H*^CI*0* ; 
and by nitric acid into nitrohdenin. Phosphoric anhydride converts it into heltnme. 

H BZ i ZA lfTHZO ACZZI. 0*^110 1 — An acid obtained from sunflower seedi^ 

belonging, according to Ludwig and Kromayer, to the tannic acid group. By boiling 
with moderately dilute hydrochloric acid in a stream of hydrogen, it is resolved into 
fermentable sugar, and an acid violet colouring matter. 

BBItZABTHUS Ail JNIUUS. Tlte Sunjlowar,^ The peeled seeds of this plant 



lomc Acia I 

The brown acid liquid is then s^hUytupersaturatad with earbouata of aodiuto, I 

whereby a considerable quantity of iodine is pr^ipiuted, which may be ooUeeted oq' j 

s filter, then susi^ded in water, and treated with <ddonne as befbia. The fllteifd | 

Bolntion contains iodate and chloride of sodium, with a trace of carbonat^ whioh may I 

be neutralised by hydrochloric acid. On afterwards adding chloride of barium to the | 

filtered liquid as long as a precipitate is formed, the whole of the iodic acid is thiown< | 

down as iodate of barium, which may be collected on a filter, dried, and then decom- * 

posed by boiling it for half an hour with 2 pts. of oil of vitriol diluted with 10 or 12 
pts. of water. The iodic acid thus liberated dissolves in the water, and the solution 
filtered from the sulphate of barium and evaporatecl at a gentle heat, yields the acid in 
the form of a crystalline mass. Kammerer (J. pr. Chem. Ixxix. 94) dissolves iodine 
in hot saturated baryta-water; filters the solution of iodide of l>arium fh>m the sepa- 
rated iodate; passes chlorine through the filtrate (which at first precipitates iodine, but 
in a state of very fine division, so that it is very quickly oxidised), ana thereby converts 
the whole of the iodide of barium into iodate, from which the iodic acid may then bo 
separated by sulphuric acid. —3. Another veiy got kI method of pre[>aring the acid is to 
digest 4 pts. of iodine with 7‘5 pt.s. of chlorate of i>ot.'<ssiuin in 40 pts. of water acidu- 
lated with 10 pts. of nitric acid, and heat the liquid snffieieiitly U) cause rapid evolution 
i.f chlorine. In a short time the iodine is completely oxidised, and the iodic acid thus 
formed m.ay be precipitated by baryta, and separjited again by sulphuric acid. The 
largest orj'stals are obtained when the solution contains a slight excess of sulphuric acid. 

The crystallised acid, II 10’ or I'-OMr’^O, when exposed to a heat of 130'’, or digested 
in absolute alcohol, is partly resolved into water and iodic anliydridt*, which remains 
combined with the iodic acid, forming the compound I'O’.HIO* or SPO’.ll’O; 

3III0> - I’OMIIO* + H‘0, 


which at 170® suffers further decomposition, yielding water and iodic anhydride. 
Iodic anhydride, PO’, crystallises in forms belonging to the trimetric system, 
and often reduced to tlio tabular form by the predominance of two parallel faces ooP. 
For P the ratio of the principal to the secondary axes is 1 : 07686 : 0 7 122. Angle! 
r : P in the terminal (‘dges «= 99® 22', and 106® 12'; in the lateral edges -» 126® 7'; 
<xP ; ocP = 93® 37'. The pyramidal faces occur s|)henoVdo-hemihcdrHily. CleavoM 
jM‘rfect parallel to I’oo ; imperfect parallel to Pec (Schabus, licHtimmung 
KryHtaftgrstatUn in chnnischrn Lahoratorirn crzrwjter 7Vo/7wXr/e,Wien, 1866 ; Jahrosber. 
1H.54, p. 310). Specific gravity of the crystals *» 4 250 (Pilhol, Ann. Ch. Phys. 
[3] xi. 416). At the temj>eratnro of boiling olive-oil, the anhydride is completely 
resolved into iodine and oxygen. It diswdves in waUt, forming iodic acid. 

Pulverised iodic anhydride is re<luced at ordinary temperatures by a small quantity 
of sulphurous anhydride^ yielding sulphuric anhydride and free iodine; by continued 
action of sulphurous anhydride at 100®, it is converUd into a light yellow granulo** 
erjhtalline mass, consisting of an iodosulphuric anhydride, 6P0\80 . This 
compound is quickly decomposed by contact with air and water, with separation of 
iodine. By absolute alcohol or ether, it is resolved into 1*0* and 80*; and by almholio 
)x>tash it is converted into io<late and sulphate of i)otftssium. Strong sulphuric acid 
<U)ea not act upon it at eomif;’'jn terajafratures ; hydrochloric acid dissolves it, with 
evolution of chlorine and formation of chloride of i(>dine. By still longer exposure to 
the action of sulphurous anhydride, the iodic anhydride is <v>mpletely decomposed, 
^•ielding a large quantity of iodine, and an adhesive mass containing an oxide of 
iodine, i*0'* (p. 298). 

mro’iodic anhydride, I*0*(NO)* ?— Millon (Ann. Ch. Phys. [3] xii. 330X by tri- 
turating iodine with strong nitric acid, obtained a yellow jxjwder which he regarded 
as a compound of nitric acid with periodic oxide, 10*; it was resolved bv water into 
nitric acid, iodic acid, and iodine, and when treated with dilute alcohol yieldinl a small 
quantity of periodic oxide, 10* (Millon’s hypo-iodk aeid\ K Mm merer (J. pr. 
Ohem. Ixxxiii. 72) has obtained the same substance by Millon’t method, also by 
tiv*ating iodine with a mixture of fuming nitric and strong sulphuric acids, and assign# 
to it the compoeitioQ above given. He finds that it is decomposed by diyingover lim^ 
with evolution of nitric oxide, and that, when dried in an atmosphere of carbonic 
anhydride, it splits up into nitric oxide and perio^'c oxide. It la deramposed by 
water and by aqueous acids and alkalis ; hydrochloric acid dissolvef it, with evolntioii 
of chlorine and formation of chloride iodine. Alcohol, ether, and acetic ether aro 
violently attacked, c^en with incandescence, eveivby small quantities (A the cempound. 
®y oxpoaure to moist air at common tempratui^ it is de^mposed into iodine, iodie 
and nitric acid ; in dry and very cold air it remains unaltered for a long Umq. 
Itdrnolves slowly, a nd without decomposition, in strong sulphuric acid, and eonelUitMie 
efparates from the solution spontaneously, but is easily precipitated on acratefaing the 
rides of the vessel with a^ass rod, or adding fuming nitric acid to the sololioii. The 
•ulj.huric acid eolation, wlu n boiled, gives oiT a large quantity of nitric oxide. 
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rontaio, according to Ludwig and Kro mayor (Arch. Pharm, p] xdx. 1, 285); 
1. Helianthio acid. — 2. A fat oil, amounting to 40 per cent, of the peeled seeds.— 
3. A small quantity of fermentable sugar, uncrystallisable, and capable of reducing 
cupric oxide^ only when the latter is present in considerable ouantity in alkaline solu'- 
tion. — 4. A substance soluble in alcohol, precipitated from this solution by ether in 
the form of a syrup, not directly fermentable, and not capable of reducing cupric oxide 
in alkaline solution, but convertible by boiling, either alone or with acids, into a sub- 
stance which reduces cupric to cuprous oxide, and perhaps constituting a link between 
inulin and sugar. — 6. Legumin, — 6. A substance perhaps identical with inulin, inso- 
luble in cold water and alcohol, and converted by tailing with dilute acids into a body 
which reduces cupric to cuprous oxide. — 7- Mulders* homy vegetable albumin 
body resembling cellulose, soluble in strong sulphuric acid, and precipitable from thw 
solution by water). — 8. A mixture resembling cerebrin, and another resembling oleo- 
phosphoric acid. — 9. Cellulose. 

The nitrogenous substance, which is soluble in boiling alcohol, and remains as a 
gelatinous mass when the alcohol is distilled off, appears to bo a compound of helian- 
ihic acid with a protein-substance, accompanied by a soapy compound. 

The peeled seeds dried iu the air at mean temperatures yielded 4*2 per cent, ash, of 
which 3-8 pts. were insoluble, and 0*4 soluble in water. 

BSl^XOnf. C'*H**0’’. (Piria, Ann. Ch. Phys. [3] xiv. 287.) —A body produced 
by the action of very dilute nitric acid upon salicin : 

+ 0 = H^O + 

SalUln. 


also, together with benzoic acid, by boiling benzo-Iiclicin with magnesia (Piria, Ann. 
Ch. Pliarm xevi. 3S0). To prepare it, 1 pt. of pulverised salicin is mixed with 10 pts. 
of nitric acid of 20° Pm. (spocinc gravity 1157), and the mixture is left to itself in an 
open vessel. In about 21 hours the salicin is completely dissolved, e.specially if the 
mixture be stirred from time to time, and crystals of hfdioin collect at the bottom of 
the vessel. They must be pressed between paper and purified by washing with other 
till the ether which runs off no longer reddens ferric salts. Salicin yields about two- 
thirds of its weight of helicin. « 

llelicin crystallises in small, white, very slender needles containing J at. water. It 
is neutml, slightly bitter, sparingly soluble in cold water, dissolves very freely in boil- 
ing water ; it is soluble also in alcohol, but is insoluble in ether. At 100° C. it gives 
oil its water of crystallisation, amounting to 4'54 per cent. At 175° it melts, and at a 
higher temperature gives off vapours of hydride of salicyL Under the influenee of 
ntnihin, or of dilute acids or alkalis at the boiling heat, it is resolved into glucose and 
liyelrido of salicyl : 

+ n*0 = + C’lTO*. 


Helicin. 


Glucose. 


Hydride 
of •Hlicyl. 


At ordinary temperatures, the fixed alkalis and alkaline earths merely increase the 
Hobibllity of helicin in water. 

Bonzo-helicln* = C’^II'VC’II^O)Ob — This compound, which is related 

to ludiein in the same manner as populin to salicin, is obtained by dissolving bonzo-salicin 
(l>opulin) in 10 or 12 times its weight of nitric acid of specific gravity 1*3. It ciys- 
tallisea in tufts of silky needles, which do not give off any water when heated. It dis- 
solves in boiling water ; and if the first drops of a solution filtered at the boiling heat 
crystallise on cooling, the crystallisation extends throughout the entire mass; but on 
again applying heat, and leaving the solution to cool slowly and quietly, it solidifies to 
a gelatinous pulp. 

Bcnzo-helicin is not decomposed by emulsin, but alkalie and acids convert it into 
benzoic acid, hydride of salicyl, and glucose : ^ 


C»H»0» 4- 2H*0 

Benso- 

hrllcln. 


+ C»H«0* + 

Bfmtoic Hydride 

acid. of««llcyl. uiueois. 


By boiling with magnesia (or other bases which do not act upon helicin), it is resolved 
into benzoic acid and helicin. ^ 

Bromhelidii, is prepared like chlorhelicin, and exhibits similar 

ivaetions, but always separates from solution in the gelatinous form, and when diy, 
forms a dirty white powder witliout any appearance of ciysfallisation. 

ChlorlieUciB,C**H‘*C10\ exists in two modifications, which may be distinguished 
as a and 0. 

« Chlorhelicin is obtained by agitating helicin with water in a vessel filled with chlorine. 
The product is purified by pressure, washing with cold water, and solution in boiling 



809^ IODINE : OXIDES AND OXYGEN-ACIDS. 

- lodie acid, HIO» cryatallises from a strong aqueoussoliition in transparent six-sided 
tables without water of crystallisation (Serullas, Marignac). According to Kam* 
melsberg (Fogg. Ann. xc. 12) the c^stals are trimetric, the ratio of the orach vdia- 
gonal, macrodiagonal, and principal axis being = 0‘68905: 1 : 1*1903. The^ exhibit the 
frees ooP, F 00 , oP, with iPoo and 2&oo subordinate. In the brachydiagonal prin- 
cipal section ooP : ooP =* 119® O'; Poo : Foo =80® 4', The crystaJb are transpa- 
rent and have a vitreous lustre ; they are gene^ly either tabular, by predominance of 
oP, or elongated in the direction of the brachydiagonal ; cleavage distinct parallel to oP, 
less distinct parallel to ooP. According toMarignac(J ahresber. 1 856, p. 296, 1867, p. 1 24 ) 
iodic acid crystallises from aqueous solution at 60® — 60® for the most part in the form 
determined by Schabus for the anhydride,* less abundantly in the form just described 
as determined by Rammelsberg. Marignac finds, however, different values for some of 
the angles, viz., ooP: ooP in the brachydiagonal principal section = 114® 46'; foo itoo 
in the same - 79® 38'. K a m m ere r ( J. pr. Chem. Imv. 462) has obtained a hydrate 
of -iodic acid, 2HI0*.9H*0, which crystallises at 17° in beautiful hexagonal tables. 

Iodic acid is veiy soluble in water^ slightly soluble in alcohol. The aqueous acid 
bleaches litmus paper after first reddening it. It is easily decomposed by deoxidising 
agents, yielding in the first instance hydriodic acid, which then, with the remaining 
iodic acid, forms water and free iodine : 

HIO« + 5HI = 3H*0 + P. 

Hence aqueous iodic acid, though it does not of itself impart a blue colour to starch, 
produces this colour immediately on the addition of hydriodic, sulphydric or sulphurous 
acid, stannous chloride, vegetable acids, or other deoxidising agents. In some cases 
however an excess of the reducing agent converts the free iodine into hydriodic acid 
and destroys the blue colour : thus with sulphurous acid : 

H^SO* + P + = 2III + IPSO^ 

Sulphurous Sulphuric 

acid. arid. 

IHtric oxide gas reduces aqueous iodic acid at ordinary temperatures (Kiimmerer; 
The acid heated in sealed tubes with sulphide of carbon is reduced to hydriodic acid , 
in like manner iodate of potassium to iodide (S c h 1 a g d e n h a u ff e n, .7. Pharm [3] xxxi v. 
176). Ferrous sulphate does not of itself appear to reduce iodic acid, but on addition 
of caustic soda and subsequent supersaturation with sulphuric acid, iodine is set free. 
In this case,, it may be supposed that the ferrous sulphate first separates iodine, which 
is taken up by the soda-ley, forming iodide and iodate of sodium, and that, on addition of 
sulphuric acid, iodic and hydriodic acids are set free, which act upon each other in the 
way above mentioned, yielding free iodine (Hem pel, Ann. Ch. Pharm. evii. 97). 
Aqueous iodic acid yields by electrolysis, oxygen at the positive, and iodine at the nega- 
tive pole, the separation of the latter being duo to the action of nascent hydrogen re- 
sulting ^m the decomposition of the water. According to Buff (Ann. Ch. Pharm. 
cx. 2^), the iodic acid is resolved by the current into H and 10*, which latter is 
decomposed by the water, yielding lIIO* and free oxygen. 

Zodates. Iodic acid is monobasic, like chloric and bromic acids, the general formula 
of its normal salts being 

MIO* = 0 or M’O.PO*. 

But there are likewise acid iodates, or more properly anhydro-iodates, which may be 
regarded as compounds of the normal iodates with one or more molecules of iodic anhy- 
dride : thus there are three iodates of potassium, having the following formulae : 

Normal iodate of potassium .... 2KIQf pr K*0.I*0*. 

Di-iodate of potassium . . . 2KIO*.r*gter K*0.2I*0*. 

Tri-iodate of potassium • , , 2KIO*.2l*flf Ar K*0.3*I0*. 

The normal iodates are obtained: I. By bringing iodine in contact with an alkali and 
water, and removing the metallic iodide formed at the same time, by digestion m 
alcohol — 2. By direct mixture of iodic acid with a salifiable base. — 3. By bringing the 
aqueous acid in contact with metals. 

Most iodates are insoluble or sparingly soluble in water, the only easily soluble 
i(^tes being the ammonium-, potassium-, and sodium-salts. The solutions of these salts 
^ve with somewhat concentrated solutions of strontium- and calcium-salts, and with 
dilute solutions of barium-, lead-, and silver-salts, white ciystalline, granular precipitates. 
The silver-precipitate is easily soluble in ammonia, very slightly soluble in nitric 
acid. 

The normal iodates, when heated, either give up 3 atoms of oxygen, but no iodine, and 
are converted into metallic iodides (s. g, KIO* — O* = Kl), or they part with their 
* The crjitale ezantned b/ Schabui probably consisted uf the acUl, not of the anhydride. 
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water, the liquid aa it coola either depositiug small needles of monohjdrated ohlor- 
helicdn, 2C**H‘*C10^H»0, or solidifying to an amorphous jelly containing a larger 

^“rChforhehciris inodorous, bitter, nearly insoluble in cold water, easily ^soluble in 
hot water and in alcohoL The crystals contain 3 per cent, water, which is rather more 
than the amount required by the formula just given (2-76 per cent.), the excess pro- 
bably arising from admixture of a small quantity of gelatinous a chlorhelicm. When 
heated to between 120° and 130°, they give off the whole of their water, and the 
maining anhydrous a chlorhelicin, when raised to a higher temperature, gives off 
vapours of hydride of chlorosalicyl. This product is likewise obtained, together with 
glucose or its products of decomposition, on heating a chlorhelicin with dilute acids or 
alkalis, or by treating it with emulsin : 

C**H'*C10’ + H^O « C'*H*C10* + 

fi Chlorhelicin. When chlorine is passed into an alcoholic solution of hclicin, a white 
granular substance is obtained, which has the composition of a chlorhelicin, but is 
insoluble in water, nearly insoluble in boiling alcohol, and is not decomposed in the 
manner just mentioned by acids, alkalis, or emulsin. 

BBXiXCOXSZM'. (Piria, Ann. Ch. Phys. [3] xiv. 292). — This sub- 
stance, which may be regarded as a compound of helicin and salicin + 

QiajjiBQ’), ia obtained by treating salicin with nitric acid still more dilute than that 
which is used for the preparation of helicin, viz. of 12° Bm. (specific gravity 1*088). 
It may be purified by washing with cold water and crystallisation from boiling water. 
It forais needles resembling those of helicin, and containing | at. water (2C*‘*H®^0>* + 
3H*0). Under the influence of emulsin it is decomposed similarly to helicin, yielding, 
however, saligenin in addition to glucose and hydride of salicyl : 

026^84014 + 2H20 == 2C«H'-0« + CUI-’O* + CUPO®. 

Hellcoldin. Glucose. oVi^alicyK Saligenin. 


Alkalis and acids act in the same manner, the latter, however, converting the saligenin 
into saliretin (C'II*0) by abstraction of water. 

Helicin, salicin, and helicoidin are rslatod to one another in the same manner as 
quinone, colourless hydroquinone, and green hydroquinone. 

HJSXiZOTllOPB or Bloodstone. A variety of chalcedony, having a deep green 
colour with blood-red spots. It is used as a gem. 


POMBTZA. The Garden or Vineyard Snail . — The shell and operculum 

of this moUusc have been analysed by 13. Wicko (Ann. Ch, Pliarm. exxv. 79), with 
the following results : — 

F.arthy Ferric Orgnnic 

CaCO MgCO Phosphate*. Phosphate. Sub-xtance. 

Shell . . 96*07 0*98 0*85 1*15 0-96 = 100*00 

Operculum . 86*75 0*96 6*36 0*16 0*35 6*42 = 100*00 


W. Wicko (Ann. Ch. Pharm. Ixxxvii. 224) found in the operculum 94*24 per cent, 
carbonate, and 6*73 per cent, phosphate of calcium, together with traces of ferric oxide and 
phosphate of magnesium. He supposes that the phosphate of calcium is contained 
chiefly in the smaU nodules which cover the surface of the operculum. Joy (ibid. 
Ixxxii. 366) found in the shell, 98*5 per cent, carbonate of calcium and 1*6 organic 
matter, but no phosphoric acid, silicic acid, fluorine, magnesia, or alkalis. Gobley (J. 
Pharm. [3] xxxiii. 161) found that the shell contained 70 per cent, water, and when 
dried consisted almost wholly of carbonate of calcium, with small cmAlStities of eartliy 
and ferric phosphates, and animal matter. ^ ^ Ejr 

In the animal itself, Gobley found a peculiar mucus, cont.ainingJ«mall quantity of 
carbonate of potassium, which gives it an alkaline reaction, rediss^Mss in water after 
drying, but loies this property after a while. Gobley also found, besides the salts 
usualfy occqniiig in the animal organism, a small quantity of chloride of ammonium, 
a peculiat pf animal matter with carbonate of calcium, partially soluble in 

water, and of iodine. Beneko (Ann. Ch. Pharm. cxii. 249) found in the 

inumaL.a pecidiarl^tty substance called myelin, existing also in the brain and other 
mgam^ wie higKer animals, which swells up in peculiar forms when soaked in water. 

An azotised body contained in the root of black hellebore 
(ffeUebonts hieTnaUsy It is obtained by exhausting the root with alcohol, dilating 
the extract with a certain quantity of water, which precipitates a resin, and concen- 
trating the filtered liquid. 

It forms colourless crystals, Laving a harsh bitter taste, soluble in water and in 
alcohol, more soluble in ether. The solutions are neutral to feat-paper. It is decom- 
posed by beat) also by nitric and sulphuric aeids. Heated with potash it gives off 
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Iodine end 5 atoms of oxygen, and are reduced to metallic oxides BaO.IW- 
0> ^ P « B.iO), accordingly as the meUl has greater affinity for iodine or for oxy. 
gen. Some iodates detonate when heated with combustible bodies, on red-hot 
coals, — sometimes even when merely struck ; but the detonation is much weaker than 
that produced by chlorates or nitrates. The aoueous solution of an iodate mixed with 
sulphurous acid yields iodine and sulphuric acid, ^rt of which combines with the base 
(Gay-Lussac). With sulphydric acid, the solution of an iodate yields hydriodic acid, 
water, sulphur, and a sulphate (H. Rose); with hydriodic acid, or witli a dissolved* 
iodide mixed with an acid to liberate the hydriodio acid, it yields a metallic iodide, 
iodine, and water : 

KIO« + 6HI - KI + P + 3H»0. 

Iodides and iodates containing weak bases may also decompose one another in solution 
without the intonoiitiou of an acid, yielding an oxide and free iodine; thus with the 
sine- salts: 

Zn(IO«)* + 6ZnP « 6ZnO + I'». 

With hydrochloric acid, the iodates form water, a metallic chloride, trichloride of 
iodine, and free chlorine ; and the metallic chloride thus produced often enters into 
combination with the trichloride of iodine (Filhol): 

KIO> + 6HC1 » 311^0 + KCl -I- ICl« + CI». 

Arsenious acid, with the aid of heat, and likewise dichlorido of tin, separate iodine 
fn^m aqueous solutions of the iodates (Simon). Dilute sulnhuric acid at a boiling heat 
8< prates the iodic acid from these salts (Gay-Lussac). When an aqueous smution 
of an iodate is heated with nitric acid, that acid at first taki s hold of the base, either 
wludly or in prt ; but when the solution is ovaporattnl to dryness and more strongly 
hoat«*d, the less volatile iodic acid drives out the nitric acid. (Penny, Ann. Pharm. 
xxxvii. 203.) 

Iodates heated with strong hydrochloric acid and mercury, or with strong sulphorfo 
arid and ferroso-ferric oxide, impart a blue colour to starch, in consequence of the 
lilH‘ration of iotline. 

Iodate of Aluminium. A solution of moist hydrate of alumina in iodic acid 
evaporated to a syrup and then left over sulphuric acid, yields deliquescent crystals. 

Iodate of Ammonium, isprodueeKl by saturating canstie ammonia oi 

carbonate of ammonium with iodic acid or chloride of iodine, and separates as a crys- 
talline jpowder if the solutions are moderately concentrated. Ry sfHmtaneous evapora- 
tion it is generally said to be obtaineti in small shining cubes. According to Masignac, 
however (Ann. Miii. [6] ix. 1), the crystals are dimetric, exhibiting the combination 
op . ooPoo , often with P, 2P, ooP, Poo and 2P« subordinate. Anglo oP : P 
124° 64 ; oP : 2P = 105° 14'; oP : Poo =» 134° 37 ; P : P in the terminal edges ■■ 
109-7°. That the crystals are not monometric, is also shown by the observation of 
Marbach (Jahresber. 1855, p. 145), that they act upon polarised light It decomposes 
with a hissing noise at 150°, giving oflf equal volumes of oxygen and nitrogen together 
with iodine and wator. It detonates on glowing coals, and is decomposed by hydro- 
chloric acid, yielding a compound of sal-ammoniac and trichloride of iodine, together 
with water and free chlorine (Filhol). It dissolves in 38 5 pts. of cold water at 15°, 
and in 6*9 pts. of boiling water. (Ilammelsberg.) 

Iodate of Barium, Bji(IO*)*.H* 0. — This salt is precipitated when iodine is 
dissedved in baryta-water, iodide of barium remaining in s^ilution. It may also !>• 
prepared by saturating an aqueous solution of triclilorido of iodine with cjirbonate of 
barium or baiy’ta-water, or by precipitating a concentrated solution of chloride of 
barium with iodate of sodium. The hydrat^ salt forms a granular powder. From a 
solution in hot nitric acid, however, it is deposited on c/wling or on addition of 
ammonia, in small crystals (Ra mm els berg), which, according to Marignac (/oc. cU.), 
are monocltnic and isomorphous with bromate and chlorate of barium, exhibiting 
the combination aoP.(Pao). —Poo. Angle ooP : o&P in the cltoodi^onal prin- 
cipal section - 82° O'; (Poo ) : (Poo ) in the same - 76° 42';- Poo : ooP « 119° 4'. 
The water of crystallisation escapes at a temperature below 200°. On heating tha 
salt more strongly in a porcelain retort, vapour of iodine and oxygen gas are evolved, 
imd a residue is obtainea, consisting of basic periodate of barium (Rammolsberg): 

5Bs(IO*)* - Ba(IO*)*.4BaO + 81 + 0». 

It dose not detonate on ignited charcoal, but sometimes exhibits phosphorescence 
(Gay-Lussac). Hydrochloric acid dissolves it readily, even in the eokl, the liquid 
assuming a dark-yellow colour (probably arising from the formation of a double dikmdo 
of iodine and barium) and evolving chlorine. It dissolves with difficulty in warm 
nitric acid (Bammelsberg). It U soluble in 3,333 pts. of water at 18°, in 625 pti« 
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aihmoiu«>> It iii not precipitated from its solutions by acetate of lead, chloride of 
mercuiy, or iodide of potassium. (W. Bsstick, Pharm. J. Trans. xiL 174.) 

BBUUBFUVTA. Called also Leelite. A variety of felspar, occurring at Gry- 
phyttan, in Sweden, having a peculiar waxy lustre and deep flesh-red colour. 

BBUiWimi and BB&:LBarXW. See Helsniinb and Helbnik (p. 138). 

BBIMUrTB. A Yariety of chlorite occurring in felspar and quartz. (Dana, ii. 
294). 

BBBACXBTBOXiZTX:. A variety of limestone, generally of a dark colour, and 
distinguished by the beautiful red and green iridescence of the fossil shells which it 
contains. It is found in Carinthia, at llalle in tho Tyrol, and other localities, and is 
made into a variety of ornamental articles^ (Ilandw. d. Chem. iii. 848.) 

BZULVZB. Tetrahedral Garnet , — A mineral consisting of silicate of manganese, 
iron, and glucinum, combined with oxysulphide of manganese. It occurs in regular 
tetrahedrons. Hardness 6 to 65, rather greater than that of felspar. Specific gravity S’l 
to 3*3. Lustre vitreous, inclining to resinous. Colour wax-yellow, inclining to yellowisih 
brown and siskin-green. Streak uncoloured. Subtranslucent. Fracture uneven. On 
charcoal, in the reducing flame, it melts, with intumescence, to a yellow opaque globule. 
When finely pulverised it is decomposed by hydrochloric acid, with evolution of sul- 
phydric acid and separation of gelatinous silica. 

Analyses: 1, 2. From Saxony, by C. Gmolin (Pogg. Ann. iii. 63). 8. From 

Norway, byRammelsberg {Miner alchemic ^ p. 700) : 




1 

E 

3 

Silica 

, 

36*27 

33*26 

33-13 

Sulphur 

Alumina . . ♦ 


1 44? 

605 

6-71 

Gludna 


803 1 

12 03 

11-46 

FeiTous oxide . 


8-00 

5*56 

4-00 

Manganous oxide 


4212 

41*76 

49-12 

Loss by ignition 

• 

94^ 

115 

98-81 

103-T2 


Hence Rammelsberg docbices tho formula 

2(Mn; Fe)''S . 3[2(Mn ; Fo)"0.2SiO’ 2G"O.SiO’] 
which is reducible to the form of an orthosilicato united with a protosulphide, 

3M^Si0^2M2S. 


Ilclvin affords tho only known example of a native compound of a silicate with a 
pulphido. It is found in tho gneiss of .Schwarzeiiberg, in Saxony, associated with 
garnet, quartz, flints, and calcspar: at Lroitenbrunn, in Saxony; and on the Ilortc- 
kallo, a mountain in the Liesthal, near Drammen, in Norway. 

BBMZBBOBXH'X'BBZir. See Bkomhydkin.s. 


BEACZBEBR-r. See CiiYSTAixonnAPiiY (ii. 121, 128, 136, 140, 160, 166). 

BEBZZEOOOITS BZiEZES. A name applied by Sc hi el (Zeitechr, Ch, Pharm. 
18G0, p. 44) to series of organic compounds, tlio terms of which differ from ( no another 
by nClI. 


BEMXMOBEHZSXIC. Hcmimor]:>hous crystals, according to most authors, are 
those which are unsymraetrically terminated at the two ends of the principal axis, 
c. y. siliceous calamine (i. 714), sulphate of magnesium (ii. 150). Laurent, how- 
ever (CJompt. chim. 1849, p. 269), applied the same term to bodies which are similar, 
or to a certain extent analogous, in composition {jTune certaine WUtIwifi dans leur 
composition)^ and crystallise m forms (belonging to the same or tp qrstems) 

m which some of the dihedral angles are nearly equal, whttiCit^Siii^ire very 
unequal '' v ' 


Syn. with SlUCBors Calaminb (i. 714). 

-ZEZBZC AOZ2>. C'®H'*0*. (WShler [1844], Ann. Ch. Pharm. 07.-1 - 
"lyth, ibid. 1. 36 and 43. — Anderson, ibid. Ixxxri. 194. — Matthiessen anti 
Foster, Proc. Roy. Soc. xi. 68 ; further, Phil. Trans. 1863 ; Chem. Soc. J. xv. 346.)-— 
T^ add is produced : 1. By the oxidation of opianie acid: C'®H'*0* + O ■» C’*H*W, 
which may be eflTected by the action ofperoxide of lead and sulphuric add (Wohler), 
or of aqueous dichloride of platinum (Bl^th). — 2. By tho oxidation of narcotine with 
aUute nitric acid (Anderson), or with peroxide of lead and sulphuric acid, or per-, 
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of boiling water (Gay-Lussac), in 1,746 pts. of water at 16®, and ii! 600 pte. of 
boiling water (Hamm eleb erg) ; the anhydrous salt dissolves in 8,018 ptg. water ajb 
13*6®, and in 661 pts. boiling water. (Kremers, Pogg. Ann. xci^ 266.) 

lodate of Bismuth^ 2BTi* 0*.H*0. — lodate of sodium added in. excess to a 
solution of bismuth which is no longer precipitated by water, throjjrS down the whole 
<»f the bismuth as iodate. The precipitate is nearly insoluble in nitric acid. When 
ignited it leaves trioxide of bismuth mixed with iodide. 

lodate of Calcium^ Ca(I0*)*,6H*0. — Crystallises slowly from the mixed solu^ 
lions of iodate of potassium and chloride of calcium in water (Pleischl), a largo 
proportion of the salt, however, remaining dissolved (R a m m e 1 s b e r g). The crystals are 
rendered anhydrous by heat. The dry salt gently ignited in a porcelain retort evolves 
14*786 per cent, of oxygen and 64*072 of iodine, leaving a residue amoimting to 31*143 
per cent, and consisting chiefly of pentabasic periodate of calcium ; but when heated 
more strongly, it evolves a still larger amount of oxygen (in the whole 17*176 per cent.) 
and of iodine (in the whole 62*478 per cent.), and leaves 20*346 per cent, of a mixture 
of pentabasic periodate and much free lime, which may be separated by water 
(Rammelsberg, Pogg. Ann. xliv. 676). lodate of ealcium detonates violently 
on ignited charcoal (Gay-Lussac). Wlien treated with concentrated hydrochloric 
acid, by which it is readily dissolved, it yields an orange-coloured liquid, smelling of 
trichloride of iodine, and similar to that yielded by iodate of potassium ; it does not, 
however, give crystals of the double chloride of iodine and edeium (Filhol). The 
hydrated salt forms four-sided prisms, which effloresce in the air, with partial loss of 
water, and become anhydrous at a temperature below 200® (Rammelsberg). From a 
solution acidulated with nitric acid, it separates in trimetric crystals, ooP . oof oo . 
3P . P . oP . 3f 00 . 4f 00 . Ratio of axes, a : b : o 0*4637 : 1 : 0*5231. ooP : ooP 
in the brachydiagonal«=»132®65';oP : P=:127® 22'; oP : 3P =104® 17' (Sonarmont, 
Marignac, Jahresber. 1857, p. 125). The crystals dissolve in 464 pts. of water at 18®, 
and in 102 pts. of boiling water (Gay-Lussac); in 253 pts. at 16®, in 75 pts. of 
boiling water, and much more copiously in nitric acid. From the latter solution the 
salt is precipitated by ammonia in prisms (Rammelsberg). Alcohol separates the 
salt from an aqueous solution. (0. Henry.) 

lodate of Cerium^ Ce(l0*)*.H*0, is a white precipitate whicn gives off its water 
at 200®, and leaves pure ceric oxide when ignited. 

lodateof Cobalt^ Co(lO*)^H*0, is obtained by dissolving recently precipitated car- 
bonate of cobalt in hot aqueous iodic acid, and separates partly on cooling, partly by 
evaporation, in violet-red crystalline crusts. Dissolves in 148 pts. of cold and 90 pts. of 
hot water. Gives off its water of crystallisation at 200®. At a rod heat, it gives off 
iodine and oxygen and leaves cobaltoso-cobaltic oxide, Co*0*. Alcohol added to a 
solution of this salt in sal-ammoniac, throws down a pale-red double salt . 

lodate of Copper, — lodate of sodium forms with sulphate of copper (after some 
time only if the solutions are dilute) a greenish-blue precipitate, consisting of 
2Cu(I0*)*.3H*0, which gives off its water at 200® (Rammelsberg). According to 
Millon, iodic acid forms, even in very dilute solutions of copper-salts, a blue crystalline 
precipitate composed of Cu(IO’)*.H‘’0, and the same compound is obtained by digesting 
recently precipitated hydrate or carbonate of copper with iodic acid at ordinary tem- 
peratures. When hydrated cupric oxide is washed with boiling water and covered 
with a sufficient quantity of solution of iodic acid, an olive-coloured powder is obtained 
which has the same composition as the blue crystals, but requires a temperjiture about 
40® higher to dehydrate it completely. Ignited cupric oxide shaken up with aqueous 
iodic acid, forms a basic salt, 3[Cu(lO*)^CuO].H*0, which however is converted into 
the olive-coloured salt when the mixture is boiled. 

lodates of Iron,— Ferric lodate, Fe*0‘.2I*0*.8H*0 or 2ffl^I0*)*.Fe*0*.24H*0, is 
a yellowish-white precipitate obtained by adding iodate of sodium to ammonio-forric 
sulphate. The precipitate when dry becomes heavier and assumes a reddish tint. It 
is soluble in nitric acid, and leaves piu*e ferric oxide when i^ited. 

Ferrotte Iodate is produced on mixing ferrous sulphate with iodate of potassium, as a 
white precipitate, which dissolves readily in excess of the ferrous sulphate, but quickly 
turns brown and decomposes, with evolution of iodine, especially when heated. The 
brown precipitate dissolves in hydrochloric acid, with evolution of chlorine, and 
ammonia throws down from the solution a mixture of ferric hydrate and iodide of 
nitrogen. , 

lodate of Lanthanum, La(IO*)* H’O. — Precipitated as a crystalline powder on 
adding sulphate of lanthanum to aqueous iodic acid. From solution in hot water, it 
separates on evaporation in white crystalline scales. Gives off its water at a temperatnre 
aWe 110®. (HoUmann, J. pr. Chem. Ixxv. 321 ; Hermann, tW. Ixxxii. 386.) 

lodate of Lead, Pb(IC)*)*, — White precipitate, very sparingly soluble in water and 
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oxide of manganese and hydrochloric acid (Wohler), or with exceed djT aqueous 
dichlori^ of platinum (lily th)* In these reactions, the narcotine is flnrt convert^ 
into opianic acid, which then suffers further decomposition. — 3. Together with meconin, 
by the decomposition of opianic acid under the influence of caustic potash(MatthiGS8en 
and Foster): 

2C'“n'"0=‘ « 

opianic acid. Meconin. Hemipintc acid. 

Preparation. — 1. Opianic acid is lieated to the boiling point with water and per- 
oxide of lead ; dilute sulphuric acid is added drop by drop till carbonic acid begins to 
escape ; the liquid is left to cool partially ; sulphuric acid is then added by drops till 
all the lead is precipitated, and the filtrate is evaporated to the crystallising point. 
The first ciystals are sometimes mixed with unaltered ^ianic acid, but are easily 
purified from it by their much greater solubility in water (Wohler). — 2. The mother- 
liquor resulting from the action of dilute nitric acid upon narcotino {q.v.), after the 
separation of meconin, cotamine and opianic acid, contains hemipinic acid, which may 
bo obtained by precipitating this mother-liquor with acetate of lead, and decomposing 
the precipitate with sulphydric acid. (Anderson.) 

3. Opianic acid is mixed with a large excess of potash-ley ; the liquid is evaporated 
nearly to dryness ; and the resulting alkaline mass, consisting of meconin and hemipinate 
of potassium, is dissolved in a moderate quantity of warm water, and mixed with excess 
of hydrochloric acid, whereby the meconin is separated as an oil, carrying down with 
it the greater part of the hemipinic acid. The acidified liquid, when quite cold, is 
poured off from the solid cake of meconin and hemipinic acid formed at the bottom, 
and evaporated to a small bulk, so as to separate the greater part of the chloride of 
potassium ; this salt is washed witli alcohol ; the alcoholic washings are mixed with 
the concentrated mother-liquor ; and the fresh quantity of chloride of potassium thus 
precipitated is removed by filtration or decantation. The clear liquid is eva- 
poi’ated nearly to dryness over the water-bath ; the residue thus obtained is 
again treated with alcohol to separate the last portions of chloride of potas- 
sium; and tb# alcoholic solution is filtered and evaporated. On dissolving the 
product of tbcBo operations, together with the original precipitate of meconin and 
hemipinic acid, in boiling water, and rendering the solution slightly alkaline by 
ammonia, nearly all tho meconin crystallises out as the solution cools, while hemipinate 
of ammonium remains in solution, together with a small quantity of meconin. For 
complete purification, the solution of the ammonium-salt is precipitated by acetate of 
lead, and the hemipinate of lead, after thorough washing, is decomposed under water 
by sulphydric acid (Matt hies sen and Foster). This mode of preparation is pre- 
ferable to the oxidation process; because in the latter it is difficult to arrest the action 
at the right point, so that there is always a risk, either of leaving opianic acid imdecom- 
posed, or of losing a j^rtion of the liemipiiiic acid by further oxidation. (See below.) 

Properties. — Hemipinic acid crystallises in colourless oblique rhombic prisms 
(Wohler), or large flat rhorabohedron.s (Blyth). It has a slightly acid astringent 
taste, and a strong acid reaction. It dissolves with difficulty in cold water, more easily 
in alcoJwl and in etJur, The crystals effloresce in the air, and give off I3'73 per cent. 

( =* 2 at.) water at 100® C. At 180® it melts, and solidifies to a crystalline mass on 
cooling. Heated between two watch-glasses, it sublimes in shining luminm like 
benzoic acid. 

Decompositions. — Hemipinic acid burns with a bright flame. Heated with peroxide 
of lead and sulphuric acid, it appears to be completely resolved into water and carbonic 
anhydride (Wohler); distilled with excess of concentrated kydriodip acid, it is com- 
pletely resolved into carbonic anhydride, iodide of methyl, hypogallic acid 

(Matthieesen and Foster) : 

+ 2HI = cm*0* + 2CH>I + gHI 

llunujiiiiic Hypngallic Iodide of 

acid. acid. melhyl. 

Heated with two or three times its weight of strong hydrochloric oriif— eitlier in a 
sealed tube tq about 110®, or in an open vessel connected with a condenser, in such 
a manner that the condensed vapour flows back into the mixture, and with an appa- 
ratus for evolving hydrochloric acid gas, scT that tho liquid can be kept constantly 
saturated with acid, it is resolved into carbonic anhydride, chloride of methyl, and an 
acid having the composition C*H''0*, homologous, therefore, with hypogallic acLd: 

+ IICI = CO* + CH*Ci + C*H*0». 

This acid (not yet named) crystallises in long transparent prisms, nearly insoluble in cold 
water, not mu^ more soluble in boiling water, more easily soluble in alcohol and ether. 
When heated, it begins, to sublime without decomposition at about 200® C., and bean 
a tomperaturo of more than 245® without altei^tion, but at a still higher temperatartt ’ 



lODATES. 



in nitric iicid. Oi w olT iodine and oxygen when heated, and leaves a mixtuM of oxide 
and iodide pi lead, from which the oxide is easily dissolved out by aeetie acid, 
lodaU if Lithium, LiIO*.—Crystalline crusts, soluble in 2 pts. of water. 
lodate of Mflgne^iunt, MgiIO»)^4H^O.— Shining crystals soluble in 3 ots. of 

boiling and cold water, u-i.;.*-- ..v . 

OoP . ODP® . + P . - 

odP: ®P -78® 2(K; 

oePoo « 100° 40^; oP : — i^Poo « 1,56° 32\ The crystals cleave very distinctly 
paralld to oeP<» (M a r i g n a c, J ahresbor. 1 857, p. 1 26). When heated they quickly 
become <»aque and give off water, becoming completely anhydrous at 240° (Mil Ion). 
At a red heat, the salt suffers decomposition and leaves pure magnesia. 

lodate of Manganese, Mn(IO*)*,is best obtained by precipitating a concentrated 
B»)lution of acetate of man^nose with iodat© of sodium. It is pale red, soluble in 
200 pts. of wivter, and when ignited loaves pure manganoso-mangjinic oxide, Accoiding 
to Ik'rzelins, it contains 1 at. water [Mn(IO*)MI*0]. 

Iodat es of Mercurg.--\. Mercuric lodate. Produced by digesting recently pre- 
cipitated mercuric oxide in iodic acid. It is a white anh^Hirous powder, insoluble in 
water, but dissolving easily in hydrochloric acid, with evolution of chlorine. The 
solution mixed writh stannous chloride yields a rod precipitate of mercuric iodide, which 
hy the further action of the tin-salt is reduced to yellow mercuroso-morcuric iodide. 
Mercuric i<xiate when heated gives off oxygon and is converted into i<xlide. 

2. Mercurous lodate, Hg*(IO*P.— -A solution of mercurous nitrate rendered as 
n.Mitml as possible, yields with iodate of sodium a white precipitate, which is dissolved 
).y hytlnichloric acid, with evolution of chlorine, and yields a solution fnim which am- 
Trlonia throws down iodide of nitn^gen. It disfwlvcs with difficulty in nitric acid, and 
is rompletely volatilised by heat, being at the same time resolved into mercuric ii^ide, 
mercury and oxygen. 

lodate of Nickel, Ni(IO*)*.IPO. — Obtained by dissolving recently precipitatod 
hytlrate of nickel in iodic acid, or by evaporating to dryness a solution of 1 pt. sulphate 
of nickel and pt. iodate of soeliiim, and dissolving out the sulphate of sodium from 
the residue with water. From a hot-saturated solution, it separates ns a Jight-groeu 
crystalline powder. It dissolves in 774 pts. of Ixnling and 120^ pts. of cold water. 
When ignited, it leaves pure oxide of nickel. Ammonia dissolves it reiulily, forminga 
blue liquid, from which alcohol throws down blue crystals, or a crystalline powder, con- 

I VrtllJaVT.'W 

sistingof iodate of nickel-diammonium, Ni(IO*)*.4NII* » PO'.N’j 


IP 


lodatf 8 of Potassium. — 1. Mono-iodate or Normal Iodate. This salt is prepared: 
1. Py adding iodine to solution of potash till abrowm colour is producwl, evaporating to 
(Iryne.ss, and dissolving out the iodide of potassium formed at the same time with 
alcohol of specific gravity 0’81 : 

6KHO + P « KIO* -I- 6KI -h 3inO. 


Should the iodate thus obtained contain carbonate of potassium, the latter must bo 
de<H>mposed by acetic acid, the wli.do evaporated, and the acetate of [s^tassiura removed 
by alcohoL 

* 2. By dissolving trichloride of iodine in potash, the products being iodate, iodide and 
chloride of potassium : 

12KHO + 3IC1* - 2KIO* + 9KC1 KI + 011*0. 


The iodide and chloride are dissolved out by alcohol, as In the former process, but the 
latter, being less soluble, is more difficult to remove. 

3. By melting iodide of potassium in a crucible, leaving it to cool till it becomes 
s/'mifluid, and then gradually adding pts. chlorate of potassium. The mass becomes 
fluid, swells up, and solidifies to a sponjnr mass of imlate and chloride of potassium. 
It is dissolvca in hot water, the i(xlate Im to crystallise, the crystals rcdissolvod in hot 
water and the iodate precipitated by alcohol. 

Mono-iodate of potaMium forms small white cubic crystals (Gay-Lussac); 
»Oao . ooO (Marignac), but it is not easy to obtain distinct crystals. 8p(«!iflc 
gravity 3*979 (water at 17*6° » 1) (Kremers). It dissolves in 13 pts. water at 14° 
(Oay-Lnssac); in 19*02 pts. water at 0*6°, in 14*86 pts. at 9*4°, in 1077 pts. «t 
22*2°, in 6*96 pU. at 45*8°, and in 8*67 pta. at 69*2°, An aqueous solution of specific 
gravi^ 1*0741 at 19*6° contains 9*08 pts. KIO*, for excry 100 pta. water. The 
satnnted aQneona soUition teUa at 102° (Kremers, Fogg. Ann. xciv. 271 ; xcv. 121 ; 

5). afore aoluble in aqueous todi^ of potassium than in water. Insolable in 
nioohol of apeeiilc gravity 0*81. Soluble in warm sulphuric acid without deoouposirion 
of the iodic ad^ (Berxeliua) 

At a low red hret, the salt metis and froths up, and is converted, with loM of 
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it melta, and soUdiiles to a crystaUine maas on cooling. It dissolves in stronff sul- 
phuric acid, and crystallises unchanged from a warm saturated solution ; a cold solu- 
tion is not precipitated by water. It gives no coloration with ferric chloride ; with 
nitrate of silver it forms a white precipitate, which blackens on boiling. (Mat- 
thiessen and Foster.) 

When the mother-liquor from which this acid has crystallised is subjected to the 
prolonged action of hydrochloric acid, bypogallic acid appears to be formed. (Mat- 
thiessen and Foster.) 

Hemipinates. — Hemipinic acid is dibasic, its normal salts being represented by 
the formula It is di.stinguished from opianic acid by firming insoluble 

salts with lead, silver, and iron. The aimnonium-salt forms crystals permanent in 
the air. 

The neutral potassium-sad t is very soluble and difficult to crj'stallise. 

The acid potassium-salt, G“’H®KO® . f 11*0, forms large hexagonal tables, easily 
soluble in water and alcohol, insoluble in ether. It gives off its water at 100®. 

Barium-salt. — When a solution of hemipinic acid is neutralised with baryta-water, 
or when solutions of hemipinate of ammonium and cliloride of barium are mixed to- 
gether, the liquid remains clear for a long while if left to itself; but on l)oiling it for 
a short time, small, shining crystalline plates of hemipinate of barium are precipitated, 
and soon fill the liquid, provided the solutions used were not too dilute. The liquid 
on cooling redissolves this precipitate, and becomes almost or quite clear; but after 
standing for a few hours, or for a day or two, it again deposits hemipinate of barium, 
but tliis time in feathery tufts of very small silky needles ; if the liquid bo now again 
heated, these feathery crystals redissolve, and the crystallino plates again make tlioir 
uppoaraiico. This reaction affords the means of recognising hemipinic acid, even when 
prtsent in small quantity only. (Matthiessou and Foster.) 

Ferric hemipinate is a precipitate of a fine orange-yellow colour (Bly th). The 
lead-salt is a white precipitate insoluble in water, but soluble in aqueous acetate of 
lead, whence it separates in transparent nodules (W dh le r). The silver-salt, 
hi a white precipitate insoluble in water. r 

Ethyl- hemipinic acid, is obtained bv passing hydro- 

chloric acid gas into a solution of hemipinic acid in absolute alcoJiol. It crystalJiseai 
in bulky needles, which give off their water (9*6 per cent.) at 100°. It has a strong 
acid reaction, is very slightly soluble in cold water, vatlier more in boiling water, The 
aquoou.s solution precipitates ferric salts, but not lead- or silver- .salts. The ethyl- 
hem ipinates aro difficult to purify. The harium-salt forms needles grouped in tufts. 
(A ndnrson.) 

Syn. with Olycogex (ii. 906). 

HfiPATXTS. A variety of heavy spar containinc bituminous matter, and 
distinguished by the hepatic odour which it emits when rubbed or stinick. 

BBPTTZi. Oenanthyl. — The radicle, not yet isolated, of heptylic or 

trnantliylic alcohol and its derivatives. 

HBVTTX, ACSTATB Or. C'lV’O’ = ‘“‘J Carlct, 

Compt. rend. Iv. 140; Ann. Ch. Pharm. exxiv. 353. — Schorlemmer, Cliem. Soc. J. 
xvi, 217).— -This compound is obtained: — 1. By heating oenanthol (heptylic aldehyde, 
C’lP’O) with zinc and glacial acetic acid. The nascent hydrogen thereby liberated 
unites with the cenanthol, forming heptylic alcohol ; and thin, with the excess of acetic acid 
forms acetate of hoptyl. On washing the product with water, and agitating it with acid 
sulphite of sodium, to remove undecomposed oenanthol, the acetate of hcptyl is 
o})taincd as an oil floating on the surface (Bo ills and Carlet). — 2. By decomf) 08 ing 
chloride of heptyl with acetate of potassium. Tlio two substances, mixed with glacial 
acet ie acid, ^ heated in sealed tubes to 150® — 160® C., for twelve hours. The products 
of the reaction are chloride of potassium, acetate of heptyl, and heptylene. On diluting 
the contents of the tubes with water, drying the light oily lii^uid which separates with 
^loride of c^cium, and subjecting it to fractional distillation, the hejptylene, which 
wils at 95°, is easily separated from the acetate of heptyl, the boiling point of which 
IS much higher (Schorlemmer). Alcohol maybe used in tlie preparation instead 
of glacial acetic acid, but it is less convenient, as the last portions of the chloride are 
then very slow to decompose, requiring a heat of 200® continued for several days. 

(Schorlemmer.) 

Acetate of heptyl is a colourless oily liquid, fighter than water, having an agreeable 
wid boiling at 180® (Bouis ana Carlet), between 179° and 181® 
(ochorleiQiQ^j.^^ which is about 10® higher than it should be according to Kopp’i 
ww (p. 90). It contains, according to the mean of .Schorlemmer’s anaJysc'S, 68*18 per 
eent. carbon, and 11*54 hydrogenj tibia frmnula requiring 68*35 carbon and 11*39 
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22*59 pep cent, oxygen into iodide of potassium (0ay-Lu8sac), If only part of the 
oxygen is expelled, the residue consists of iodiae and iodate^ without any periodate 
(Kammelsberg). It deflagrates with a purple light on glowing charcoal. 

The aqueous solution exhibits with sulphydric acid and other reducing agents, the 
reactions already described for iodates in general (p. 301). From a solution of the 
sail mixed with iodide of potassium, the stronger acids precipitate iodine. With 
strong hydrochloric acid, it yields water, free chlorine, and chloride of iodine and 
potassium: ^ ggci ^ + C1‘ + KICl*. 

A solution of iodate of potassium in excess of boiling nitric acid yields crystals of 
iodic acid on cooling, while nitre remains in solution ; if however it is evaporated to 
dryness, one half the nitre formed is decomposed, and there remains a mixture 
of 1 atom of nitrate and 1 atom of di-iodate of potassium. When greater heat is 
applied, all the nitric acid is decomposed into pemitric oxide and oxygen, and driven 
ofl^ so that the residue consists merely of iodate of potassium. (Penny, Ann. CL 
Pharm, xxxvii. 203.) 

Doubk~dalt of Iodate and Acid Sulphate of Potassium^ KIO*.KHSO*. — This salt 
separates after the tri-iodate (p. 306) from a solution of the mono-iodate mixed with 
sulphuric acid. Itwasflrst obtained by Serullas (Ann. Ch. Phys. [2] xliii. 113), 
who regarded it as a compound of the di*iodate with anhydrous di-sulphate of 
potassium. Mil lo n (Ann. Ch. Phys. [3] ix. 497) supposed it to be a compound of mono- 
iodate and monosulphate of potassium, 2KIO*.K*SO*. The formula above given was 
detemined by Marignac (Ann. Min. [6] ix. 1), who obtained it of the same com- 
position, even when the proportions between the sulphuric acid, iodic acid and 
potash in the solution were varied. The crystals are monoclinic, exhibiting tho 
combination ooP. ooP2 . ooP3 . ooPoo . oP . -P . - P2 . — Poo . -f-Poo (predominating 
at the ends) + 8Poo . (Poo ) . (^Poo ). Angle ooP : ooP in the clinodiagonal principjil 
section =* 64° 63'; ooP2 : ooP2 in tho same = 92° 10'; oP : ooP = 91° 29'; oP : 
^Poo a* 93° 14' ; QoPoo : + Poo r= 116° 50'; ooPoo : —Poo «=• 120° 42' (Marign ac). 
When heated to redness, they give off oxygen and iodine and leave sulphate and iodide 
of potassium. 

DidodatCy 2KIO*.PO* or K*0.2PO*. — Obtained — 1. By mixing the aqueous solu- 
tion of the mono-iodate with hydrochloric acid, and precipitating with alcohol. — 2. By 
partially saturating an aqueous solution of trichloride of iodine with caustic potasJi or 
carbonate of potassium, whereupon the mixture becomes heated, and on cooling 
deposits a compound of ^ the di-iodate with chloride of potassium (the mother-liquor 
saturated with potash still yields tho mono-iodate). Tho solution of this compound, 
largely diluted with water, and evaporated in the air at 25°, yields the di-iodate in 
beautiful transparent right rhombic prisms, with dihedral summits, having a sour, 
astringent taste, and acid reaction. 

According to Marignac (Jahresb. 1856, p. 297), the crystals contain K’0.2P0®.n*0, 
and exhibit three essentially different forms, one trimetric, the other two monoclinic, 

_ the occurrence of which is independent of tho temperature of crystallisation. The 
trimetrio crystals, which separate only from solutions containing ^ small quantity 
of the mono-iodate, exhibit chiefly the combination ooP.oofoo. oePoo . oP . JP . JP . 
^^ 00 . . Angle ooP : ooP r= 82° 10' ; P : P in the macrodiagonal principal section « 

87® 10'; in the brachydiagonal =» 101° 40'; oP: P 106° 4'; oP : JPoo * 
127° 23'; oPiiPoo = 146° 48'. No cleavage. According to Schabus (Jahresber. 
1854, p. 310), the combination is oP (predominant) . P . fP . Poo . ^Poo . ooP . ooPoo . 
ooPoo. For P, the ratio of principal and secondary axes is 1 : U;8973 : 0*7819. Angles 
P : P in the the terminal edges *=» 111° 13' and 121° 2'; in the lateral edges = 97° 2'; 
ooP : ooP *s 82° 4'. Cleavage imperfect parallel to oP. — Ae second form, which is 
monoclinic, separates, according to Marignac, chiefly from sqttions containing a slight 
excess of acid. According to Schabus, the predominant coSmination is ooP2 . ooPoo. 
oP . + P . — P. The principal axis, clino- and ortho-diagonals, are in the proportion 
1 : 1*7307 : 0*8627. Angle of the inclined axes « 87° 16'. oeP2 : oeP2 in the clino- 
diagonal principal section «= 78° 48'; oP : -P » 129° 22'; oP : +P « 128° 9'. The 
crystals are often joined as twins, the face of combination being apparently parallel 
to -I- ^Poo . Marignac has also measured these crystals, viewing them in a different 
direction, so that the faces oP, ooPoo , ooP2, &c. in the preceding determination, become 
resfwctively ooPoo , oP, (^Poo ), &c. in that of Marignac, Eegarded thus, the crystals 
exhibit the faces oP . ooPoo . ooP2 . — P . (Poo ) . (^Poo ), with several subordinate clino- 
diagonal domes and hemipyramids. ooP2 : ooP2 in the clinodiagonal principal section 
«120°17'; -P : -P in the same = 87° 48'; oP : (Poo) - 110° 63'; oP : (JPoo) « 
127° 20'; oP : oePoo ■■91° 66*. The crystals are almost always intersecting twins, 
with the face of combination — Poo ; rarely contact-twins joined by the face oP. Qeavape 
|>arallcl to oP^ — The third form, which accompanies the other two, is also monodinM^ 
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hydrogen. — By distillation with potash-ley, it yields delate of potassium and heptylis 
alcohol. 

BSFTT&, 8XOXMCXX>S OZ*. This compound is slowly produced, with evolution 
of hydrobromic acid, when bromine is added to hydride of heptyl, and the mixture is 
either exposed to sunshine or heated in sealed tubes to 100^; the action maybe 
quickened by adding a little iodine. On distilling the product, a large quantity of un- 
decomposod hydride passes over first, and, as soon as the temperature rises to 1 10®, the 
residue begins to decompose and blacken. (Schorlemmer, /oc, ci(.) 

HSFXYXi, CBZiORZSE OF. C’H''CI. (Petersen, Ann. Oh. Pharm. cxviii. 74. 
— Schorlemmer, Chcm.Soc. J.xv.423; xvi. 217, 426). — Obtained: — 1. By the action 
of pentachloride of phosphorus on heptylic alcohol, and purified by washing and distilla- 
tion in the usual way (Petersen). — 2. By the action of chlorine, or better of chloride of 
iodine, on hydride of heptyl. Chlorine gas is passed, not in excess, into a solution of 
iodine in hydride of heptyl; the unattacked portion of the hydride is then distilled off, 
and the chloride of heptyl is separated by fractional distillation from the portion boiling 
between 140® and 160® (Schorlemmer). — 3. In like manner, from ethyl-am^ 
(C'-'H^.C^H”), which is isomeric with hydride of heptyl. The product yields, by frac- 
tional distillation, two liquids of constant boiling point, chloride of heptyl, and 
monochlorinated chloride of heptyl, which are easily separated by distillation, as theii 
boiling points differ by 40®. (Schorlemmer, Chem. Soc. J. xvi. 426.) 

Chloride of heptyl is a colourless liquid, having an agreeable fruity odour, and burn- 
ing with a smoky green- bordered flame. Specific gi'avity 0*891 at 19®. (Schorlemmer); 
0*9983 at 66® (Petersen). Boiling point of the chloride obtained from castor-oil alcohol 
*=175® (Petersen); of that obtained from hydride of heptyl or from ethyl-amyl 
-= 150® (Schorlemm er). This difference seems to point to the existence of two isomeric 
modifications of chloride of heptyl. Neither boiling point agrees very well with that 
calculated according to Kopp’s law (p. 91) : for the average difference for homolo- 
gous chlorides of the alcohol-radicles, is about 30®, chloride of ethyl boiling 

at 11°, and chloride of amyl at 101® ; hence chloride of heptyl should boil at about 
161°. 

Chloride of heptyl contains, according to Petersen’s analyses, from 61*68 to 62*26 
percent, carbon, 11*01 to 11*28 hydrogen, and 26*46 chlorine, the formula requiring 
62*46 C, 11*16 H, and 26*36 Cl. It is insoluble in water, but dissolves easily in alcohol 
and ether. Heated in a sealed tube with acetate of potasamm and alcohol or glacial 
acetic acid, it yields acetate of heptyl (p. 141) ; and when heated in like manner witli 
alcoholic sulphydrate of potassium, it yields sulphydrate of heptyl. It is scarcely acted 
upon by strong potash-ley, oven when heated with it in sealed tubes to 180® for several 
days, only a small quantity of heptylcne being formed, and not a trace of heptylic 
alcohol. (Schorlemmer.) 

Monochlorinated Chloride of Heptyl, C’H’^Cl.CI, isomeric, if not identical, with 
chloride of hoptylene, C’H'^Cl* is obtained, together with chloride of heptyl, by 
the action of chloride of iodine on othyl-ainyl (see above). It boils at 190®, and gives 

by analy.sis 41*85 per cent, chlorine, the formula requiring 42 01. (Schorlemmer ) 

priT'S) D \ V 

BSPTYZ., BTBRATS OV. | O. Heptylic or Oenanthylic alco- 

/W.— This alcohol occurs, together with others, in the fusel-oil from the brandy 
distilh*d from marc of grapes {Weintrcbcrfiisdbl). The portion of this liquid 
boiling above 133® C. contains several alcohols of the scries higher than 

ainylic alcohol ; and by subjecting it to repeated fractional distillation, a portion may 
bo obtained which boils between 156® and 160®, and exhibits tho, composition and 
reactions of heptylic alcohol. (Fagot, Bull. Soc. Chim. de Par^ 1862, p. 59 ; Ann. 
Ch. Pharm. exxiv. 365.) ^ 

Heptylic alcohol is likewise obtained: — 1, Bv the action of flftceut hydrogen on 
oenanthol, C;il"0 (Bonis and Carlet). The mnanthol is teSSed with zinc and 
glacial acetic acid, as already described (p. 143), and the resulting acetate of heptyl, 
distilled with potash, yields the alcohol. — 2. From hydride of heptyl, that compound 
being first converted into chloride, the chloride into acetate, and the acetate into the 
alcohol by di^illation with pot ash. (Schorlemmer.) 

ricinoleatc of potassium or sodium with excess of the caustic 
alkali (i. 98). When castor^oil is saponified with potash and the resulting soap 
(ncinoleate of potassium) is distilled with excess of solid potash, hydrogen is evolve^ 
and an oily liquid pa8se.s over, containing an alcohol, or perhaps two, lioiiiologoiis 
with ethylic alcohol, together with an aldehyde or an acetone, while sebate of potas- 
sium remains in the retort. Boa is, who first observed this reaetkHS, originally 
regarded the volatile oily product as octylic or capnrb'c alcohol (Compt rend, xxxiit 
144; Ann. Ch. Pharm. Ixxx. 304). Soon afterwards (Institut, 18M, p. 268; Abbl 
Gh. Pharm. Ixxx. 306) he pronounced it to be Iliptylic alcohol ; but ultimately (CompU 



lODATES. 


“i exhibiting thn-enmbi««Uoa oP . . + p« . 

~ “• • ~i“* • ( “» ) . (21 ® ) . — P. Angle ®P ; xP in the clinodimnner nrlnnn*! 
eeedon - »90 30'; oP: - P - 122»: oP : «P - SB® 40'7 oP “-pS^I&^ 

■ tJj* ” .^““'®'*herg, who formerly regarded the cmtali 

SxS^i'SfpHgpX'S'C;;;""" 

Di-i^ of potaraiuin is soluble in 75 pts. water at Ift®, insoluble in alcohol 
(Serull as). When healed it gives off oxygen and vapour of iodine, and is converted, 
first into the mono-iodato, then into iodide. It doHairrates on glowing ehartsoal. 

A double salt, consisting of di-iodute and chioridc of jyotassium, 2K01.2KI0* *PO* ra 
obtained when an aqueous solution of trichloride of iodine is not quit© saturated with 
potash, and the solution is left to evajx>mte: 

4KHO + 8ICP + 7inO (2KCI.2KI0M=0») + 4IC1 + 18Ha; 
or by heating mono-iodafo of potassium with dilute hydrwiiloric acid: 

4K10> + 211C1 = (2KC1.2KI0’.I»0*) + IPO. 

It forms shining Imnsparent prisms and elongated four-sided (aides with truneatwl 
.Ann- Phys. (2] xliii. I2I). Acemxiii.g to Milton 

[3] IX. 407) and Marigiiac (JiUm-sh. 18Sfl, p. 21)8) (be eryslals eonlain 1 at, 
water According (o Kammclsberg (I’ogg. Ann. xevii. 02), wlio also finds them to 
be anhydrous, they arc triinetrie, exhibiting the rtuiibination *1> , xPx . ootx . Px . 
,M*ao . oP . P2. Angle ooP : ooP in the nyacixidiagonal jtrinei|ml section «■ 82° 8*’ 
Px : Pep, in the same = O?" O'; IPx : iPx, in the sain<> - 182'’ Iti'. IWrtion of 
bnichydiagonal, inacrodiagonal, and princijwl axis - 0-8718 : 1 ; 07700 The crystela 
are emorescent, soluble in 19 pts. witer at 1,0° (Serullas). Cold alcohol dissolvi out 
the chloride of potassium, leaving (ho di-iodate. (Pilhol, ,7. 1‘linrm. xxv 806 ) 
Di-iodatc with Di-ml^hate of Votaf^sinm, K^'S’^OMC-'Pc)" ?— 'Phis, according to 
Serullas, is the com|xwitu)n of the double salt obtaine<l, after the separation of the 
tn-iodate, when a solution of the inono-iodale is mixed with sulphuric acid. Ihlt, 
according to Millon and Marignac, this salt contains, not the di*iodato, but the mono- 
lodiitc of jx)tAssium (j>. ,303). 

TrxAodaif'^ 2KJ0’.‘2I*0* or Iv*0.,3PO*. — This salt is obtainid by mixing aqiiootii 
kmIic acid with a small quantity of rmhisli, or by adding a solution of the mono- or 
di-iixlate to aqueous sulphuric, phosplioric. hydrochloric, nitric, or silicic acid. Vl^en 
a solution of the mono-iodate is heated with a large execss of dilute sulphuric acid, 
and left to evaporate at 2o°, the tri-iodafo erysfallisea out, leaving in solution a 
comjxiund of iodate and acid sulphate of ixitnssium. 

J he tri-iodate forms large transparent crystals- tri clinic, according to Ilammelsberg 
anil Marignac — wliicli, even when free from sulphuric aci*!, assume a reddish colour 
' Ml'' Aeeoivling to 8crullasand Itamnn'lslM rg, they iin^ anhydrous; according 
(-* Ml Ion and Marignac, th(‘y contain 2 at. water: K ().3i'^()\2IP(). The salt when 
niched gives off ^ of its iodine, leaving icnliih*. of imtaKHiuni. It dissolves in 28 pts. 
w.itcr at 16\ (Serullas, Ann. Ch. Phys. [2] xliii. 117.) 

J osic f According to flay-Liissac. a solution of (he monododnte niixid with 

tXit.iMi de|X).vii(s a salt ctuiteiniug excess of jKUasli ; Init, acconling to Jiaminolsberg, 
lioi iing hut the mono-iixlate crystallises out. 

lixlate o f St/vrr, AgdO*, obtained by precipitating nitrate of silver with iodic 
.ici,l or iodate of sodium, is white, insolubh* in water, nearly insoliiblo in dilute nitric 
■u’ld. easily soluble in ammonia, the soinfion yielding by sjsuitemsjus evaiM/nitioii, pure 
uxlate of silver in monoclinic crystals, wliich, according to Marignac (Ann. Min. [81 
1 K exhibit the faces <xP . ofcj’oo , incliiusl to one another at an angle of 127^°, and 
I loiml^r of other faces at the ends of tlie ]>nMn, extending in a direction panillel to 
tilt orthodiaf^mal. Sulphurous acid parsed into the solution of the salt in nmmonia, 

IS convert4-d into sulphuric acid, and throws down io<li«le of silver. Hydrochloric acid 
uccomposes it rr'adily, yielding chloride of silver, chloride of iodine, and fre^e chlorine. 

lodatfn of Sodium . — The moiw-iodaO-, NalO* or Nh’-’O.PO* is ohfaineirl: 1, Hy 
pacing chlorine gas to saturation ihmugh 10 iits. of water c^mtaining 1 pt. of iodine 
ftinused tnrougli it ; neutralising the liquid with carlionate of sodium ; jmmng chlorine 
a^yain through it. in order to dissolie (he imline thus thrown down ; again neutralising 
'*^J(h the^arbonate ; redissolving the iodine thus separated by means of chlorine, and 
liquid is then evaf>orat<*d to ^th its Imlk, mixe^ while still warm, with 
at! Its volume of alcohol, and the c<jmpact crrslalline mass, consisting of eigfat-<idc<d 
pnsms, pm1uee<l on cooling, is freed from adhering chloride of sodium by washing 
I almliol (Liebig, Pogg. Ann. xxiv. 362). An excess of carbonate of sodium must 
« avoided; otherwise, l>asic periodate of sodium will be formed (Magnus and 
nimerinfilit.Jp), According to Duflos (Schw. J. Ixii. 390), the addiitioo of f^foboj 
^ ** less soluble iodate can be sepansted from the ehLpide pf 
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Tftnd. xxxTiii 935; xli. 603; Ana. Ch. Thana. xdi. 396; xcvii. 34; in detail, Ann. 
Ch. Phjs. [3] xliv. 77 ; xlviii. 99), after having succeeded in purifying the ^cohol 
more completely than before, he returned to his first opinion, which was corrobo- 
rated by the analysis of several derivatives of the alcohol by himself, and also by 
Moschnin (Ann. Ch. Pharm. IxxxviL HI), Squire (Chem. Soc. Qu. J. vii, 108), and 
Cahours (Ann. Cli. Pharm. xdi, 399). — On the other hand, Railton (Cbem. Soc. 
Qu. J. vi 205), from a determination of the vapour-density, and Wills (ibid, 307), 
from an analysis of the alcohol, and from the examination of some of its compound 
ethers, concluded that it is heptylic alcohol- Somewhat later, Limpricht (Ann. 
Ch. Pharm. xciiL 242) showed that the oily distillate obtained as above contains a 
considerable quantity of a liquid which forms a crystalline compound with acid sul- 
phite of sodium ; and by distilling this compound with excess of caustic alkali, he 
obtained a liquid having the composition of octylic or capiylic aldehyde, C*H'*0, 
which he accordingly regarded a.s the chief product of the distillation of ricinoleic acid 
with excess of potash. According to Stadeler, however (J. pr. Chem. Ixii. 241 ; 
Jahresber. 1857, p. 361), the compound C*li‘®0 is not caprylic aldehyde, but the 
isomeric compound, methyl-cenanlhyl, CH*.C’H**0, belonging to the class of acetones 
fi. 31), and its formation takes place simultaneously with that of heptylic alcohol, 
in the manner shown by the equations ; 


+ 2KHO 

Itlcinnleic 

acid. 


cm 

Methyl- 

oennnthjl. 


Seh.'ite of 
potassium. 


+ 


2m 


CitH«0» + 2K:H0 

Ricinoleic 
acid. 


CaT'*0 

Heptylic 

aicotiol. 


+ c‘®n'«K«o* 

Sebsite of 
potassium. 


cm 

Marsh 

gas. 


The evolution of marsh gas, which the latter equation supposes, has not, however, 
been observed : the gas evolved appears to be in all cases pure hydrogen. 8 1 adder’s 
analysis of the alcohol agrees very closely with the formula of heptylic alcohol. Similar 
results have been obtained by Petersen(Ann.Ch. Pharm. cxvii. 69), who analysed the 
alcohol after carefully freeing it from racthyl-osnanthyl, and also some of its derivatives, 
all of which gave results agreeing with the7-earbon formulae. On the other hand, 
Dachauer (Ann. Ch. Pharm. cvi. 269), from his analyses of the carefully-purified 
alcohol and several of its derivatives, has come to the conclusion that the volatile 
rroducts of the reaction are methyl-oenanthyl and octylic alcohol, the formation of the 
latter differing from that of the former, only by the evolution of 2 at. hydrogen instead 
of four: 


c««»H’*o» + 2KHO - + c'«»K'"mo* + m 

RIcInoUtc Octylic alcohol. 

From those various statements it appeart probable that both heptylic and octylic 
alcohol may be produced in this reaction. It must bo observed, however, that the 
perooutage of carbon in the two alcohols differs by only 1-4 per cent., and that the 
percentage of carbon in heptylic alcohol (72*4) might easily be raised to that of 
octylic alcohol (73'8) by the admixture of a certain quantity of methyl-auinnthyl, 
which contains more carbon than either of them (75 0 per cent.), and is very difficult 
to f^parate from the alcohol It is possible, therefore, that tlie alcohol obtained may 
in all cases the heptylic, but that some chemists who have analysed it have not 
succeeded in completely removing the methyl-mnanthyl On the other hand, assuming 
tne received fomula of ricinoleic acid to be correct (and it is confirmed by Petersen's 
•inaiyses, loc. cit.\ the formation of the 7-carbon alcohol, together with sebacic acid, 
‘loes not account for the whole of the carbon, unless we suppose marsh gas to be 
evoIve<l which has not been observed by any one. The subject, therefore, requires 
further investigation. 

Pr/'parat/on of Heptylic alcohol from Casfer-ot/.— The oil is saponified with caustic 
1 ricinmeate of sodium, separated in the usual way by common salt, is 

* istilled by small portions with excess of caustic soda, as long as the distillate continues 
'‘ pass over colourless. The portion collected between 170° and 180° is rectified over 
m potash, washed, and shaken up with a concentrated solution of acid s^phite of 
j'o< lum ; and the thick pulp which forms after a while is semrated from Oie mother- 
preying it and transferring it to a moist filter. The whole mass is then 
-pcatedly agitated with ether, in which the alcohol is soluble, but the compound of 
le the alkaline sulphite is insoluble. The ethereal solution is then filtered 

of 1 removed by distillation, the residual oil again mixed with strong solution 
from* H sodium, and set aside for several days ; the wateiy liquid again separated 
and become gelatinous ; this mass is ex^usted with ether; 

ethereal solution is again treated several times with 
ultimately contact with it for several weeks, or as Itmg 
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by ciysUdliaation.— ^2. By ^rtully Baturating aqueous trichl(Hride of iodine with eaastic 
or carbonate of sodium, precipitating with alcohol, washing the {urecipitate with 
the same liquid, and recijstallusing from hot water. (Serullas.) 

Hono-ioaate of sodium separates from an aqueous solution left to eraporate in mode- 
rately warm air (Bamm els berg), or from a hot concentrated solution on cooling 
(Penny), in crystals containing 1 at. water: NalO’.H'-^O. This hydwite fbrms tufts of 
fine silky needles, which, if the temperature falls below 6°, while they arekStill immersed 
in the liquid, are converted into the pentahydrated crystals. They give off all their 
water at 180*^' (Rammelsberg, Penny). The pentahydrated salt, NaIO*.5H20 
obtained by spontaneous evaporation below 6°, forms octagonal prisms of the trimetric 
aystem, with pyramidal summits, the combination being ooP . oof oo . ooPoo . P, with f oo 
subordinate. Axes a : A : c -> 0*9534 : 1 : 0*6607 (ii. 144). Angles P : P in the ter- 
minal edges a* 119® 66* and 123® 30'; in the lateral edges — 87® 30'; oeP : ooP « 92® 45' 
and 87® 16'. The crystals are prismatically elongated in the direction of the principal 
axis, the faces ooP being almost always unequally developed. When exposed to the air 
they give off 4 at. water and are converted into the monohydrated salt (Rammelsberg* 
Pogg. Ann. xliv. 648 ; xc. 12). According to Mi lion (Ann. Ch. Phys. [3] ix. 400),* 
crystals containing 2, 3, 6, and 8 at. water are also obtained, under special circumstances! 
Penny (Ann. Ch. Pharm. xxxvii. 203), by cooling a somewhat dilute solution, obtained 
crystals containing NaIO*.3H*0. 

The anhydrous salt, obtained by drying the crystals at 160®, dissolves in 13*8 pts. of 
water at 14*6®, but is insoluble in alcohol (Gay-Lussac). According to Kremers 
(Pogg. Ann. xcvii. 6, 8), it dissolves in 39*76 pts. water at 0®, in 11*03 pts. at 20®, in 
6*96 pts. at 40®, in 4*79 pts. at 60®, in 3*61 pts. at 80®, and in 2*96 pts. at 100®. The 
saturated solution boils at 102®. A solution of specific grarity 1*0698 at 19*6^ contains 
8*13 pts. of the anhydrous salt for every 100 pts. of water. (Kremers, Pogg. Ann. 
xeix. 444.) 

Mono-iodate of sodium midts when heated, and while still below redness, gives off 
24*46 per cent, oxygen, together with iodine, leaving a mixture of iodide of sodium 
and soda (Gay-Lussac). According to Liebig, it leaves a hypo-iodite of sodium, 
contiiining 2Na*O.PO or Wa^PO*; when heated to redness, it yields 24*21 per cent, of 
oxygen, and 76*79 of iodide of sodium (Benckiser). It detonates on glowing char- 
coal, and slightly when mixed with sulphur and struck (Gay-Lussac). It is decom- 
posed by concentrated hydrochloric acid into water, chlorine, and a yellow liquid, 
which probably contains trichloride of iodine and sodium, NaCLICP, but does not 
yield this compound in a oystalline form (Filhol, J. Pharm. xxv. 440). Heated with 
a little nitric acid, it yields di-iodate, and with a larger proportion, tri-iodate of sodium 
in the anhydrous state (Penny). When dissolved hot in a mixture of equal quantities 
of sulphuric acid and water, it gives, by evaporation, crystals which, when placed on 
bibulous paper and nearly dry, become all at once fiuid and tenacious. (Liebig.) 

Double ^Usof Mono’iodateof Sodium, — 1. With6r^>7?t^Wcq/5orf^^^^?^,2NaB^.NaI0^9H*0. 
— Obtained by dissolving the iodate in a hot strong solution of bromide of sodium. It 
crystallises, by cooling or spontoncous evaporation, in aggregations of extremely fine, 
colourless, trans^iarent, six-sided laminae, apparently rhombohcdral combinations. It 
is easily soluble in water. When heated, it gives off a large quantity of water, melts, 
gives off oxygen mixed with iodine, and leaves a mixture of bromide and iodide of 
sodium. Two-thirds of the water is given off over sulphuric acid. (Rammelsberg, 
J. pr. Chem. Ixxxv. 436; R^p. Chim. pure, 1862, p. 251.) 

2. With Chloride of Sodium^ 3NaC1.2NaI0*.9li'*0. — (].) When chlorine is pass<’d 
through a solution of iodato of sodium mixed with a rather lai^e quantity of caustic soda 
as long as basic periodate of sodium (p. 310) continues to separate, the decanted liquid, 
when left at rest, deposits crystals of chloride of sodium, fiAst combined with iodate of 
sodium, then by itself, and afterwards mixed with chlorate ofi^ium. — (2.) The mother- 
liquor obtained in the second mode of preparing raono-ic®te of sodium (see above) 
deposits, at a higher temperature and greater degree of concentration, crystals of the 
compound of iodato and chloride. Tho crystals, which are large, colourless, and 
often transparent, belong to the triclinic system, and are sometimes triclinic pyra- 
mids haring all their edges and summits truncated, frequently, also, modified by 
various pyramidal faces. They also form twins joined by the basal end-faces, and 
giving the ctystal a tabular chanicter. The axes a, b, c of the pyramid (c being the 
principal axis) are to one another as 1*1309 : 1 ; 1*10436. Tho inclinations of the 
principal SectioM are by direct measurement, ooPoo: oo^oo 97® 16'; oPtoofoo *■ 
104® O'; oB : ooPoo -s 100® 03'. Inclinations of the axes, hy calculation, b:cm 
102® 67' J o : c 99® 9' ; a : 6 «■ 94® 66*. The crystals are not efiSorescent, but when 
heated) they give off their water, and melt to a clear liquid which gives off nothiim but 
mmen gas, and when very strongly heated, leaves a mixture of ic^de and chloride of 
mSmi. Water extracta the chloride of sodium, leaving the iodate with 1 at. water. 
(Rammelsberg, Pogg. Ann. xliv. 548 : cxv. 684.) 
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Si'adcler. 
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72*33 

13*55 
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Petersen. 
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ut'vwocu if I X rru^flA /lifTfirpncca as with the chloride, indicate the 

between 155® and 160® (h aget). T calculated boiling point, according 

calculation and by analysis : 

Calculation. 

C’ 84 72*4 

H** 16 13*6 

O 16 13’8 

CUI"^ 116 100*0 - 

is- converted into (Bnanthyhcac^dfC II 

fodTd“on,/pttl With .ulphuric acid, it forms hoptyl-sulphurio 

acid, — C’H’* H. — This compound occurs, together 

Corapt. rend. Ivi. 50o Ann. j glG) and in the light oil obtained 

Soc. Manchester, March 13, 1^3 , • ^np T xv 423 V it is also pro- 

^Y^SieTlTerican Vtroleum m be ssp^ated by “ml 

some time between 90® and 96 , and ^ the quaJitity 

these temperatures be collected apart and aga n ^efuUy 

of material being somewhat considerable, ® ^ ^ washing ’with ^ute 

acation by shaking it ud wiOi very 92® and 

carbonate of sodium, and dehydration with chlonde of calcium, boils between OsS 

94®: thk iB hydride of heptyl. (Pelouze and Cahours.) temiierature as 

KftiL-atioh of these compounds occurs The porUon unacted by the nimc acia 
tkm washed with water, dried wer potash, filing at 

li^aid thus obtained yields by &actwnal diatiUation, hydride of amylj V H , »K , 



P£fil<^C ACID. . iPj 

MUt of Sodium, N«LNaIO*.10U*O (Mitieherlieh^ aW^ tlt.TA* 

i!i***5*^*»®” *** ’ <81X io obtaiiMd by <W>lnng iodiaa in it 

eoMud ^ Twty «n«i.t«t*d nqumot aolotion of caiwtio oidu (or^m^l^ 
«oa^ to P^y) tiU It b.^ to turn brown, tben living it in a eoUi d«»^ ft 
errstaUi^ Pnan^ pure jodato of aodium then 6m appear, but attend r^ 
eol^ and aia^npl^ by thu compound (Mitecherlich). The larae cmtob am 
produo^^m a few days by immereing crystal* of iodato of sodium in a etioim wlntraa 
of the and leaving the liquid to itself at a temperature not above U^tPon^ 
Ann. Ch, Pharm. mm. 202 ). The ciystala are hoxagonal tables, oR . soR, wiu 
+ B, - JB and other face*. Angle oR : B > 7’ ; oB: - JR - isa® !• 

(Marign*^ Jahresb. 1857, p. 124), When heated they first give off water, then 
oxy^^ with a tr^ of iodine. Cold water dissolves them without decompoaition. but 
alcohol dissolves the lodido of sodium, leaving the iodute. ^ 

Acid lodaUt o/ Serfenm,— men an aqueous soluUon of trichloride of iodine i* muted, 
firrt with mono-iodate of sodium, then with alcohol, the di-iodato seiiamte* out. but 
this salt, if dissolved in water and evaporated, yields crystids of tlie mono-iodate. and 
an^d mother-liquor (Sorullas, Ann. Oh. Phys. xlv. 68). By emiioratiug also a 
mi^ure of the i^te with excess of iodic acid, the neutral salt crystallism outfinL 
and then the iodic acid (Ram melsberg). Penny obuincd a di-acid and tri^id 
salt, by treating the mono-iodate with nitric acid. 

lodate of rin.— lodateof sodium forms, with dicliloride of tin, a precipitate which 
IS white at first but soon turns yellow, brown and grey, yielding tetrachloride and di* 
oxide of tin and free u>dine. 

Iodate$of fJratiium.— The urtmic salt, U*0*.P0*.r)H*0 or (U'O'niO*)* /»II*0 
is obtained, by double decomposition, as a yellow procipitatio which dissoh-es with dim* 
culty in nitric acid, leaves uranoso-umnic oxide when ignited, and is docornposixl by 
(xitash. UranoHS iodute is obtained by pnvipitation from umnous chloride as a 
greyish-green substance, which soon decomposes, being partially Winvortod into the 
uranic salt. 

lodate of I riam.-— Procipitable from concentrated solutions ; remains as a ciyi- 
Ulline crust on evapomtion. It is anhydrous, dissolves in 160 pts. water, and whoa 
suddenly heated, decomposes with explosion and deflagration. 

lodate of Zinc, Zn(IO*)*.2IPO.— To preimro tliis salt, a solution of sulphais of 
tine and lodate of sodium in equivalent proportions is evaporated to dryness, and the 
resulting sulphate of sodium is dissolved out by water. I<Kiate of ainc then remains 
as a white powder, sidublo in 70*9 pts. of hot, and 113 8 pts. of cold water, soluble also 
in nitric acid and in ammoniit. The ammoniacal solution yields by sp<mtaniMMis otu- 
ixiritj””. on addition of alcohol, a crystalline salt consisting of 3Zn(IO*)*.8NH* or 
3( VlPZnXIO*)*.2NH*. It is decomposed by water, with separation of oxide of sine, 
lodate of zinc leaves oxide of zinc when ignited. 

Periodic Acid, Anhydride and Salle, 

acid. HIO* or H^O.PO', or according to Iaingloii» 
or 6H O.I O . (Magnus and AmmormttlJer, Pogg. Ann, xxviii. «>14. — 
JSonckiser, Ann. Ch. Pharm. xvii. 254.-LangIois, Ann. Ch. Phys. (3]xxxiv. 267: 
ir^b. 1852, p. 346.) — This acid, which was discovered by Magnus and A ni mer- 
Ann. xxviii. 614), ia protlucc^d, in the form of a disodic salt, by tlie 
on of cnlonnc on a solution of iodate of sodium mixed with carbonate of sodium or 
caustic soda : 

NalO* + 3NaHO + Cl» - Ns’II’IO* + 2N*CL 

. DUodIc 

periodate. 

A g^ method of preparing it is to add 1 pt. of iodine to a solution of 7 pta. carbonate 
P** chlorine into the hcati-d liquid as Jong as a ppcci- 
to form. This precipitate, which consists of disodic m riodate, w din* 
tii6> perfectly free from nitrous add ; nitrate of silver is then added; 

acid - ^ diargentic periodate is dissolved in hot dilute nkric 

iod*i* A moderate heatq tiU the monargentic per* 

with * oyslalUses out; this salt» separated flrom the mother*liqtior, is treated 

cold water, which exti^a li«lf th#. n^nndii. 


with slnr * out ; mis saic, separatea from the mother*liqiior, is treated 

iodsJ^..S*ft'* wbch ext^s Indf the periodic add, reprodndng the diargeatie pafw 
. ana tne filtered solution is trapomted : pare periodic add then CiyataJlWa 
of fh-^u^-'** . method is to predpitata the solatloa 

«« oisodie salt in nitric add with nitrate of lead, decompose the pfcdpltata a# 
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S9®— 40® CX, of li€anl tit 0«® — ^70® hydride of heptyl at 98®— 90®, and 

hydride of octyl at 119® — 120®. (Schorlemmer.l 
3. The distillate obtained by heating amvlic aloonol with chloride of sine conrista 
of amylene and compounds polymeric with it, together with hydride of amyl, and 
smaller quantities of hydrides of hexyl, heptyl, &c., up to C‘*H*’*. Heptylene and 
hydride of heptyl are contained in the portion of the distillate boilin|; between 85® 
and 95®, and may be separated by converting the heptylene into a bromide and distil* 
ling, the hydride of heptyl then passing over first. (Wurtz.) 

Hydride of heptyl is a thin mobile liquid, having a faint but pleasant odour, and 
burning with a slightly smoky flame. Specific gravity 0*7122 at 16® ; 0-709 at 17*6® 
^chorlemmer). Boils at 98® — 99® (Schorlemmer), at 92® — 94® (Pelouze and 
Cahours). Vapour^density by experiment, 3-49 — 3'69 (Schorlemmer), 8*616 
(Pelouze and Cahours) ; by calculation (2 vol.) = 3-46. It gives by analysis 83*93 
and 84*0 percent, carlwn, 16-13 and 161 hydrogen, the formula requiring 84 0 and 16 H 
(Schorlemmer). By chlorine, and more quickly by chloride of iodine, it is converted 
into chloride of heptyl. Chlorine passed into hydride of heptyl forms, besides chloride 
of heptyl, small quantities of some other chlorine-compounds, which, when distilled 
with somum, yield a liquid boiling at 95® — 100°, and haiong the odour and composition 
of heptylene (Schorlem m er, Chem. Soc. J. xv. 424). Witli bromine, hydride of heptyl 
appears to yield bromide of heptyl (p. 144). 

BSPTTXn X02>X1>B 01*« C^H’^L — Obtained by the action of iodine and phos* 
phorus on heptylic alcohol (Schorlemmer, Chem. Soc. J. xvi. 219. — Petersen, 
Ann. Ch. Pharm. cxviii. 74). It is a colourless liquid, heavier than water, quickly 
turning brown in contact with the air, boiling at 190® (Schorlemmer), 192® 
(Petersen). Composition by analysis, 37*19 per cent. C, 6*73 II, and 6618 I ; by calcu- 
lation, 37-17 C, 6*64 H, and 66*19 I. It is instantly decomposed by alcoholic nitrate of 
silver, the whole of the iodine being separated as iodide of silver. (Schorlemmer.) 

BSBTn, SVZiVBTBBATB OP. C^H^'^S- C^I'MI.S.— Obtained by heating 
chloride of heptyl with alcoholic sulphydrate of potassium in a sealed tube. Colotir- 
less liquid, boiling between 165® and 168®, having a mercaptan-like, as well as aromatic, 
odour, and exhibiting all the characteristic reactions of the mercaptans. (Schorlemmer.) 

BSPTTBBMXXra. C^H'^N =• N.IP.C^H'^ — Obtained: 1. By saturating iodide 
of heptyl with ammotiia, heating the solution in the oil-biitb, and removing the iodine 
with oxide of silver (Petersen, loc. cit.), — 2. By heating chloride of heptyl with 
ammonia in sealed tubes to 120® for several days. The chlorides of the different 
heptyl-ammoniums are then formed, but chiefly chloride of lioptyl-aramonium, CUI'^CL 
This salt dissolves easily in water and alcohol, and crystallises in small scales. Wlien 
distilled with caustic potash, it yields heptyl amine, as a light oily liquid, having an 
uranioniacal aromatic odour, a burning taste, and boiling at 146® — 147 . It is mode- 
rately soluble in water, and separates out again on addition of caustic potash. 
(Schorlemmer, Chem. Soa J. xvi. 221.) 

The platinum-sale, 2C'H*"NCl.PtCP, is slightly soluble in cold water, freely soluble 
in hot water, also in alcohol and ether, crystallising from these solutions in small 
yellow scales. Gives by analysis 30*7 per cent platinum (Schorlemmer); 30*9 
(Petersen); calc. 30*79. 

HBPnxJUanxc BTBBB. C'«H»0 - CTI'tC‘'H".0. Amylcenanthylia ether. 
Produced by tlie action of heptvlate of sodium on an equivalent quantity of iodida 
of amyl, and obtained, though witn some diflBiculty, by submitting the product to frac- 
tional distillation, as a colourless mobile liquid, boiling between 220® and 221®. 
Specific gravity = 0*608 at 20®. Vapour-density: obs. 6'67; calc. (2 vols.) *. 6-46. 
Analysis 77 0 per cent C, and 13*8 H. Calculated composition, 77*4 C, 14*0 H, and 
8 6 O. (Wills, Chem. Soc. J. vi. 316.) 

® » XbUra. C'H‘^. Oenanihylcne . — This hydrocarbon, homologous and po- 
lymeric with ethyicne, is contained, together with others of the series OH*“, and 
» series C"fi**‘*’* and in the light oil obtained by 

the distillation of Boghead coal. By treating this oil with bromine in presence of 
r^i****’ hydrocarbons C"H^ are converted into heavy oily bromides, whiUbthe other 
hydrocarbons remain unaltered and may be distilled off. The rematning liquid 
on standing, into three layers, the up^er consisting of water with a Ifttle ny- 
Jirobiomic acid, the middle of the organic bromides, and the lowest of aqueous hydro- 
Jfomic acid. The middle layer separated and distilled with idcoholic potash apd with 
•ooium, yields the hydrocarbons The brominated oils obtained firom the iWetions 

®fti^nginal coal-oil which boiled between 71®snd77® and between 82® and 88®, yielded 
^*P®c^voly hexylene boUing at 71®and heptylene boiling at 99® (Greville Williams, 
X 18«7 [3] 737 ; Ann. Ch. Pharm. cviii. 384). Heptylene is likawisa 

ained; — 1. d^mpoeing chloride of heptylene with sodium at a gentle heat. 

a. 2 



m IODINE : OXIDES AND OXYGEN- ACIDS. 

io^te of lead with somewhat less than, an equivalent quantity of dilute sulnhnw/. « 
and concentrate the dltrate by evaporation (Benckiser). According to 
however, the acid thus obtain<^ is always contaminated with iodic acid. ™ 
m acid may likewise be obtained by igniting iodate of barium, which then 
off iodine and oxygen, and is convei^d into pentabasic periodate of barium— and dJ^m 
posmg that salt with sulphuric acid. But this method is not advantageous bec«n* 
anl oxyg^^^^ of the iodic acid is completely resolved by the heat into iSe 

The iodates of the alkali-metals give off the whole of their oxygen when 
and are converted into iodides; consequently periodic acid cannot be prepared in 
same manner as perchloric acid (i. 910). ^ ^ 

Periodic acid separates from its aqueous solution by evaporation, at a gentle heaf 
In colourless crystals, apparently having the form of oblique rhombic prisms whirh 
deliquesce quickly in moist air, melt at 130^ and at 160° give off their water leaviim 
a w^te mass of periodic anhydride, PO', which, at 180° or 190°, gives offoxvion 
with great rapidity, leaving iodic anhydride (Benckiser). The ciystals are rhomW 
pnsms, having the composition H*IO* = IIIO*.2HK) or 5H"O.PO'. They melt if 
^0»,and between 200° and 210°, give off 6 at. water and 2 at. oxyge^and am 
raduc^ to iodic anhydride I 0‘, which at a higher temperature is completely resolved 
into iodine and oxygen. (Langlois.) j 

Periodic wid dissolves yeiy easily in water, sparingly in alcohol and In etlur in 
which solutions It is slowly reduced to iodic acid. It is likewise reduced by many 
W'ff sudstances, and instantly by hydrochloric, aidphiirous, or sulphydric add 

With hydrochloric acid it forms water, chloride of iodine, and free chlorine. Sulphvr 
IS not oxidised by it; but phosphorus is partly converted into plio.sphoric aeid—for 
the most part, however, into oxide of phosphorus. Metals are oxidised by the solution 

“ Pi*t'cipitate with tannic acid, a reaction which 
distinguishes it from iodic acid. The precipitate dissolves in potash and in ammonia, 
with dark red colour, arising from the oxidation of the tannic acid, the iodine at 
the same time uniting with the alkali-metal. (Langlois.) 

generally regarded as monobasic, like perchloric 
acid, the formula of its normal salts being MI0‘ or M'^O.POb Oidy four of these 
anhydrous monometallic periodates are however known, namely those of ammonium 
^tassium, sodium and silver. All other periodates contain a larger proportion of 
base, and may be derived from the ciy’stallised acid H*IO^ regarded as HIO* 21I'(), 
Sub* crystallisation by a metallic oxide or hydrate, 

IIIO* . IPO . H^O 

(NIP)TO^ . H^O . ir^o 

NalO* . NallO. IPO 
PbIO< . Pb^O . IPO 

CuIO* . Cu-0 . CuHO 

BalO' . Bu^O . Ba^O 


Periodic acid. 
Mono-aininonic periodate, 
llisodic periodate. 
Triplumbic periodato. 

T c traen pr i c peri ( xl ate. 
Pentabarytic periodate. 


The existence of the monoliydric acid HIO' must however for the present be regardeJ 
f® .hypothetical, the only liydrato whose constitution ii.a.s been estabJisli(*d by ana- 
lysis being the pentaliydric acid, 1PI0« analysed by Langlois; and from this, regarded 

as a pentatomic molecule, |o», tho greater number of the periodates may le 

derived by the partial or total replacement of the hydrogen by metals The 
anhydrous periodates of potassium, silver, and sodium. (Ml‘04) may tlien be regarde*! 
as mo^periodates, bearing to the orthoperiodate.s. M*IO« a-relatioii similar to tint of 
metaphosphoric to oilhopliosphoric acid. Tinw are u fetTneriodates which cannot bo 
inchided in either of the preceding formula, viz. a bariunRlt containing 5Ba0.2P0' 
or 3Ba0.2BaP0". a potassium-salt containing 2K*O.I20»-Or K*0.2K10i and a silver- 
salt containing 2Ag»O.H»O.I»0' or Ag*O.HIO«. , and a sihci 

The monometallic periodates are resolved by heat into oxygen and metallic iodide; 
the^ polymetallic salts into a mixture of iodide and oxide or reduced metal. Mo.st 

S enodates are sparingly soluble or insoluble in water, but they all dissolve easily in 
iiute nitric^ acid. The solution of the monosodic salt, added to a solution of a 
banum-, calcium-, lead-, or silver-salt, precipitates the polymetallic or basic periodates 
of these bases, tho liquid acquiring an acid reaction. 

Periodate of^ A?wmon*«w, (NH*)I0^2IPO, separates on mixing the solutions of 
ammonia and periodic atid. It dissolves in a loi^e quantity of water, and the solutioDt 
ovaporated at a gentle heat, yields crystals, apparently having the form of rhombic 
pnsms.^ It has an acid reaction, and explodes when heated in a tube. (Langlois.) 
Periodatee of Barium , — :The monobarytic salt is not known. A peniabarjfUc of 
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Pham. ciu- 80). „„„™nnds nroduced in addition to chloride of heptyl, by the 
dium tbe .^nnated W"”", PC^T(p! u“ ). probably also resnlte/ from the 
^lon -j J f ]jgptyIe„efJ!-2. ^y distilFing heptylic tdcohol with chloride 

1“^ an5 Carlet3.-3."By heating chloride of 

^zine. C H ^ anneous DOtash to 180° in sealed tubes for seTeral days 
IseSjrUmtner p.®14^).~Bou^ in 1865, by distilling renanthol mth strong ral- 
. • j rtVifflinpd a hydrocarbon agreeing in composition with the empirical 

oJ^^n:" cm&poscfby hfni to be hWe-i but. as it boiled at 
60° it was probably either a lower member of the senes, or a mixture 

HeptylenF is a colourless mobile liquid, having a pecuhar aUiaceous <^our ; soluble n 
alcohol.^ Boils at 96° (Schorlcmmer), at 99' (Gr. Willems). Specific granty 
0-718 at 18° (Williams). Vapour-density, obs. = 3-320 (Williams) ; calc. (2 vol.) 

CalciUtlen. Llmprlrtt. Sehorleramer. 

fi7 g4 85-71 85-9 85-6 86-66 

Hi< 14 14"29 14-1 14-6 14-00 

(^njfTT ^ 100-00 100-0 100-2 99-66 

Sromlde of Heptylene. C’H''Br* — ObUined by direct oimbinatlon. It is aliquid, 
heavier than water, which decomposes on distillation, with blackening and evolution of 
hydrobromic acid, but volatilises in presence of aqueous vapour condensing as a near y 
colourless liquid having the odour of bromide of ethylene. Gives by analysis 62 26 

and 62-23 bromine, the formula requiring 62-01. (Schoi-Iemmer.) 

Cblorlde of Heptylene. C’H"Cl».-Produced by the action of pentachlorideof 
phosphorus on cenanthol. When 1 at. ccnanthol is ^dually allowed to flow into 1 at 
pentachloride of phosphorus contained in a tubulated retort, great heat « evolve^ and 
a portion of the resulting oxychloride of phosphorus distils over immo^atcly. As Mon 
8S^ the decomposition of the pentachloride is complete, the liquid is subjected to 
fractional distillation, the portion which boils above 160° being roUccted apart as bng 
as it passes over colourless ; in the retort there remains a small quantity of a b^wn 
thick liquid. The last distillate is washed with water to remove adhering oxychloride 
of phosphorus; and the oil which floats on the water is shaken upvnth Id 

soJium to remove undocomposed cenanthol, then dried with chloride of calcium and 
rectified, the portion which boils between 180° and 200° being co apart, on 

again rectifying this portion, pure chloride of heptylene passes o-ver at 187 . 

Chloride of LptyW is a transparent, colourless, mobile liquid, lighter 
havinga not unpleasant odour, like that of mnanihok It boils at 191° (corrected). 
Gives by analyse 48-86 per cent. C. 8 00 H. and 42 06 Cl ; the formula requiring 49 4 C, 

* men gently heated with todium, it is decomposed with violence, melding beptylene 
and chlo^de of sodium.-Boiled for some time with etby ate of ®°^^ “'i ® ® 

solution of poiash, it is resolyed into hydrochloric acid, chlorheptylene, C H Cl, and a 
hydrocarbon, probably C'H** : 

- Ha =• C^H»C1 ; and - 2HC1 = CTi** 

It is not perceptibly decomposed by acetate of silver, even when cratinuously 
with it, oF heated to 260° in sealed tubes (Limpricht, Ann J3h. Pham. ^‘-80-) 
Oblorlieptylene. C’H'*C1.— Obtained by the jf. ^«°b°be potash or 

ethylate of sodium on chloride of heptylene. A very concentfcd .^^'^boho Mlntion 
of potash is distilled upwards with chloride of heptylene for i®nnderable rime tte 
decomposition of 1 6 grammesof thechloride takes about a week) ;^rcUonde of hc^yleM 
uidethylateof sodium are heated together in a sealed tube to 260° Thehqmd obtained 
by eithCTproceas is diluted with water, which separates impure chlorheptylene; »md tlM 
crude wxiduct is dried by means of chloriae of calcium and then subjec^ to 
fractional disaUation. It begins to boil at 100°, the filing 
160*^. where it remains constant for a while and ultimately rises ^ 
which passes over below 100® is a hydrocarbon {see below) ; that wlu A distils at lol 
is chloSeptylen®. that temperature the product consists chiefly of undeco^ 

posed chloride of heptylene. The complete separation of these hqmds can only be 
effected by repeated rectification. 





' WSRIODATES. ^ 

B*W>» or «GaO.I*0\ is obtain^ by igniUn, iodsts of bsriam or a 
mixtttTO of iodide and peroxide of barium, and disuoking out the iodide of barium ftom 
the residue with water. Its solution m nitric acid yields with nitrate of silver a vellow* 
brown precipitate of basic periodate of silver. (Ramnielsberg, IW Ann xbrira \ 

A salt containing half as much base as the last, via, or 5BaO 2PO' ia 

precipita^ by ammonia from the solution of the pentabfisic salt, or from a mixture 
of a soluble barium-salt with monobasic ptrimlate of sodium dissolvofl in nitric acid* 
also on mixing nitrate of barium with dibasic peritxlato of sodium. The preoimtate 
contaiii^s 6 at. water, whicli are given off at 100« ; by longer exposure to this tempera- 
ture, the salt is completely converted into hidate of barium. (Uamniolsbortf 1 

A dibarytic or dif^y salt, BalPIO* or 21hi0.3H»().^•()^ is obtaintnl by adding 
baryta-water to u solution ol the corresponding smlium-salt mixed with a few drops of 
nitric acid. It is a wliito prtcipiUto which decomposes at a roil heat, yieldini the 
pe'iitabaiytic salt (Lang lo is) : ® 

lOBiiH'IO* » 2Ha*(IO«)> + I* + ()=■ + IJH’O. 

Pfriodatet of Cal c i n m. — A dicaU-ie mil, C'nll'rO* or 2e«0 .IlI’O I O' Oit 100*1 
is obtainwl by decomposing tlio sodium salt, NaU'lO*. with nitrate of calcitim us u 
white precipitate, whicIi iippcars crystalline umler the microscope, and when heated 
gives off water, oxygon, nnil uxliiie, and leaves the petilacalcic salt, Cu»I ■•O'' ( I.ii n ir 1 o i s) 
'file latter is likewise obtained, hut mixed with lime, l,y igniting iodate of ealci^ in i 
close vessel. 

periodate of Copper, Cu'HIO* or df’uO.H'O.I'O’, is precipilaUsl hy mixing tho 
solutions of 8ulj)hato <>t copp(>p and tho rnonosodic salt -a eonsi»lerablo (luantity, how- 
ever, remaining in solutuui — or by tho action of lujuoous periodic acid in slight excess 
ot liydratod carbonate of copper. (Langlois.) 

Veriodatrs of Iron-salt.s (ferrous or ferric) form, with solution of perifKlato 

ot Kotlinm, yellowish white precipitates, easily soluble in nitric acid (Ilenckiscr) 
Aiai.rding to Langlois, periodic acid, in contact with ferrous oxide, is reduccxl to iodic 
acid, and lerric iodate separates out. Similar reacti«jn with manganous oxide. 

Vertodatea of head. — A trip! umhic or triha.de ml t, I*b*Jl«(IO*)*or3I*bO 211^0 I*f>' 
is precipiUited on mixing 1 at. of tho diso<lic salt with 3 at. nitrate of Iwd, in niicro- 
Hcopic crystals, which do not suffer any loss of weight betw.cn 120'^ and 130^, but at 
a higher temperature, give off water, oxygmi, and iodine, and leave an oxvicKlido’ of 
lead containing rbl*.6PbO (Langlois): 

2Pb*H«(IO«)» « PbP.SPbO + 0»» + V + 4IP(). 

Periodate of Zt/AiMW. Li'KP? -By treating carbonate of lithium with periodic 
le i<l an<I evaporating the solution at a gentle heat, a crystalline mass is obtaine<l, which 
iiisHolves completely in water, and when dried in a viu-uum. and tln n hoHtcnl to rwlness, 
gives off successively water, oxygen, and iodine, but without undergoing complete! 
decomjx^sition. (Langlois.) * 

Periodate of Mag urn.— Magnosium-salts are not jfrocipitateil by solution of 
pcnoilato of sodium. Carbonate af inagnesiuni, immersed in aqnoous jicriodic acid, is 
converted into insoluble periodate of mnguesiiim, which dissolves, however, in excess 
of tho acid. The salt consiste of small prismatic crystals, which, when dried at moan 
tt miKratures, contain 2MgU>I0‘.9ll20 or 2Mg0.311H).I*(p + 9 oep, give off 9 at. 
water, at 100°, and loav.? pure magnesia when iguiUnJ. (Langlois.) 

Periodates of Potassium. — The monopotasKie sa/t^ KIO*, is pr<*cipitat«l in 
»F>anngly soluble crystalline grains on passing chlorine inte a solution of the iodste 
mixttl w'ith potash or carbonate of pritossinm. Its mpiofms solution, mixed with 
caustic poUsb, yields tho teirajytassic salt, K*0.2KIO* or 2K'O.PO\ which is also 
sparingly soluble in water, and is converted by ignition into a mixture of potash aiwl 
loilido of potassium. Tho neutral salt when ignited loaves tho pure iodide. (Mag n us 
Hud Ammermullor.) ® 

5f7f>cr.-~Nitrate of silver added to a solution of disodic periodate, 
tnrfiws down a greenish yellow precipitate, which is a basic periodate of silver. Ry 
washing it with water containing nitric acid, then dissolving it nearly to saturation in 
Warm mtric acid, and evaporating by heat, tho monoargenSc salt, AglO*, is obtoinM 
m anhydrous orange-yellow crystals. This salt is decomposed by warm water, which 
o leaving a blackish- brown residue of the Utrargentie salL 

a^a*0'.HK) or Ag«0.aAgI0'.H»0, which tom. red by tritiimtioD. & 

*“ ***“ manner, but the residual salt is a yellow powder, consistimr 
or 2Ag*O.3H*0.I*0», and seperates from a solution in dilute tlighl^ 
nitric acid, in straw-yellow ciystels, which, according to RammeUberg 
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Sodium remains unaltered in chlorheptylene at ordinary temperatures ; but on heating 
the liquid a violent action suddenly takes place, chloride of sodium beiig formed 
together with a hydrocarbon, probably CTH’*. — The same hydrocarbon appears to be 
produced by the action of alcoholic potash on chloride of heptylene ^see above). 
(Lirapricht, Ann. Ch. Pharm. cii. SZ) 

BjdiiodAte of Beptylene. C’H'MtI. — Obtained by heating heptylene 

with bydriodic acid in sealed tubes to 100® for twelve hours. It closely resembles 
iodide of heptyl, but boils at about 170®, or 20® lower than the latter. It soon turns 
brown when exposed to the air. Precipitated by alcoholic nitrate of silver, it yielded 
a quantity of iodide of silver corresponding to 66*73 per cent, iodine (calc. 66*19); and 
the filtrate, on being mixed with water, yielded a small quantity of a fragrant liqu^ 
which consisted wholly or in a great part of nitrate of heptylene, C’H‘*.NO*H, as on 
adding an alcoholic solution of |>otasn, and heating gently, an abundant precipitate of 
nitrate of potassium was formed. (^Schorlemmer, Chera. Soc. J. xvi, 220.) 

BSPm-BTBnzc BTHB&. C^H^O « C’IP‘.C‘H*.0. EthyUctnanthylia 
ether. (Wills, Chem. Soc. Qu. J. \i. 312 ;♦ Petersen, Ann. Ch. Pharm. cxviii. 75 ). — 
Prepared by the mutual action of iodide of ethyl and heptylato of sodium in equivalent 
proportions : 

C^H‘*NaO + C^'IPI = Nal + C^H'^C2H^O. 


It is a colourless mobile liquid, having a faint odour, and burning with a brigljt flame ; 
insoluble in water, easily soluble in alcohol and ether. Boils at 177° (Wills). 
Specific gravity = 0*791 at 16®. Vapour-density, obs. « 6*096 (Wills); calc. (2 vol.) 
» 4*99. 



Calculation. 

Wills. 

Petprirn. 

c» 

108 

75*00 

75*16 

74*44 

1120 

20 

13*88 

14*44 

14*40 

0 

16 

11*12 

10*40 

1116 
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100*00 

TOO'OO 

100*00 

BBPTTX.ZC JLXBEBTBB. 

Syn. with (Enanthol. 

(?■”•) 


BBPTTXr-MBTH-srXiZO STBBB. C"II*“0 = Cai'*.CH*.0. Methyl-cenan^ 
thy tic ether , (Wills, Chera. Soc. J. vi. 314.) — Obtained bv the action of iodide of 
methyl on heptylate of sodium. It is a tliin mobile liquid, having a strong odour, 
insoluble in water, easily soluble in alcohol and in ether. Boiling point between 160*6® 
and 161®. Specific gravity « 0 830 at 16-6®. Vapour-density (obs.) about 4*2; calc. 
(2 vol.) =r 4 6. A specimen not quite pure gave by analysis 7316 per cent. C, and 
14 09 il, the formula requiring 73 86 C and 13*86 H. 

(SO^)") 

BBPTTi;..8UXPBUBZC ikCXB. C»II'*SO< - CaPHO*. (Petersen, Ann. 

H j 

Ch. Pharm, cxviii. 72. — Bou is and Carlet, ibid, exxiv. 254.) — When 2 pts, of heptylic 
alcohol ore cautiously mixed with 1 pt. sulphuric acid, the mixture being kept cool 
so a.s to prevent the formation of sulphurous acid, the liquid ultimately separates into 
two layers, the upper of which contains heptyl-sulphuric acid. On neutralising it with 
carbonate, and at last very carefully with hydrate of barium, and concentrating at a 
gentle heat, heptyl-sulphate of barium separates in small, white, flexible, and generally 
scaly crj^stals, having a pearly lustre and bitter taste, very soluble in waU*r, and not 
precipitat(‘d from the aqueous solution by alcohol or ether. The solution decompoees 
by evaporation unless the temperature be kept veiy moderate. The dry salt is per- 
manent in the air, but, according to Petersen, begins to decompose at 80®, turning first 
cM, then black, and emitting a very strong odour. According to Bouis and Carlet, on 
the ot her hand, it may bo heated to 100® without decomposition. According to the mean 
results of Petersen’s analyses, the salt dried over oil of vitriol contains 30*97 per cent. C, 
*19 H, 2610 Ba, and 11*73 S, agreeing nearly with the formula 2C'H‘*BaBO*.Hr‘'0, 
which requires 30-83 C, 6*87 H, 25*14 Ba, 11*74 S, and 26*42 O. 

BBBABATBITB. Syn. with Sulphate of lodoauinine. (See Qunmini.) 

, ***f®** * An iron spinel, FeO.APO* » . . ( O*. Specific gravity 3*91 — 

3’96. (See Spikkl.) 1 * 


B B BP BBXTB. A very rare mineral, consisting of anhydrous phosphate of alumi- 
nium, and phosphate with fluoride of calcium ; not yet analysed quantitatively. The 
crystals are trimetric. Hardness *= 6. Specific jgravity *=* 2*986. It resembles apatite 
m colour and lustre, but is diatinguishra by its lower spc^cific gravity, Solunle in 
hydrochloric acid. Melts before the blowpipe to a white bead, with slight intumescence. 
(I>ana, ii 410.) 

coTnpfiune ohUined bjr Willi is df'seribed at pk MS, vol, il. M ocljr).oih/Me ether i hut Ifcs 
of evidence is ceruinlj in favour of the iiippofltioa that H cootaiM aoC oetjd. 
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g»hre0b. 1857, p. 12«). St,Tf:“^668* Ang^ R : R 

tor R, the ratio of the eecoi^ ““ fljo ft'. The cryetalB become darken 
in the terminal edges - 74 0 , o • boiling water on th^ crystab or on 

the dieodie salt with VrTis p^anent in the air (Magnns ^ 

^ter, anhydrous, crystallises reaany, aim F p 

Ammermaller). The.c^^ls VgbP:P in the teminal ednes 

aecondary axes to the pnneipol axis is . i o colourless. (Rammels- 

= 990 30’; in the lateral edges- 132 4. ineey 

berg, l«e. nt-) . xr mam* rvr ONa’O.SH’O.PO’, is obtained by passing 

The disodic or dihnaic salt, a . ,j -j pts. carbonate of sodium in 100 pts. 

chlorine gas into a hot solutjon “f J^^i„^^mixed with 3 pts. of caushc soda 

yater, or i"*"/ P‘\’ L^nglois uses equal weights of caustic s^a and 
(Magnus and Ammermu )•. rt„^<.o«centrated as possible, first dissolves the 
the iodate, and to obtain a so surrounds the filtered solution with 

caustic soda in water, then adds g^tiic periodate then separates in 

hot water while the chlorine “ "^er having the (imposition just mentioniid. 

considerable quantity, as a crystaU.no pow^^^^^^ water, and may be 

It is sparingly soluble in solution of the neutral salt mixed 

“,Srh"c:t[i:ifoSa“''rt“arUi^™ offset, watemnd 8 at. oxygen, andleaves 

,noxyiodideofsodium^^^^^^^^^_^^^_^. - Na*P0. 

Atalowredheat,itlosesonly3at.oxygeiD^leaxungareadneofA^^^^^ ^ sodium, 

"%»r<o<J.a<« e/ Z««<’--Hy^™KXto”orzi’nc! Zn>HIO ” 

ncid into a gmnular the^acid forming a solution, which, when *!■ ® 


~ ^ sss.- -■ 

D»«*obenio- oxylenxamlc 

onybenwinlc ' 

acKl 


r«cid. 


It crystallise* in needle^ is in water and 

(s,. B.-.X I. .»■) 

harmine. (See Haumnn, iii. 12). _ 

lOSMMJUrOBOWXIk*. See CtNCHOuntn (1. 979). 

XOIIOO** PfTT’TO*? When cinnamic acid is melted intn 

101MK>ll*HAMXO AOW. I , water till all the tree iodine 

excess of iodine, and the dark « <*AiAnrles8 stellate crystals of iodocin- 


Aso 


HiaaMAHisrrE-si 


See Bsosomrair, 

A mineral fh>m Albarradon in Mexico, e&id br /r 

"Ohem. viii. 614) to contain 35-68 per cent, tellnrinra, 12'$2 oxide of nickel 

md. According to Gen th, however j(»W. 1x71.4 76)at is a cupriferous 

ftmr, conlavmng 9^*74 per cent. ZnCO*, 3-42 CuCO*, 1’60 MnCO*, 1'48 CaCO» anH 
0’29^gCO\ 

vvmecsSLITS. A mwersl from Aci reale snd Ae/ Casre/Io /n Sieify, having 

tieSSS/eaei/me-AarmotoWp. U), 

agreeing also in general formula with gmeJinite (ii. 924) excepting 
in the amount, of water, and crystallising, like the latter, in the hex^onal system. 

Analyses 1 and *2 are of the mineral from Aci reale, by Damour (Ann. Ch. I'hys. [3] 
xiv 97) • 3 4 from Aci Gastello, by v. Waltershausen ( VulkaniscU Gesieine, p. 260) : 


1. 

2 . 

3. 

4. 


SiO^ 

AI203 

Fe203 

CaO 

MgO 

Na^O 

K20 

H»0. 

- 99*23 

47*39 

20 90 


0-38 

' , 

8-33 

4*39 

17*84 

47*46 

20-18 


0-25 


9*35 

4*17 

17*65 

= 99*00 

45-89 

18-20 

1-14 

4-84 

6-35 

6-72 

3-72 

17*86 

- 97*72 

47*03 

20-21 

1*14 

4-60 

0*49 

4 82 

2*03 

17*86 

* 98-24 


These analyses lead to the formul® : 

Damour. 

IjJ^Q^^IsiO’.CAW.SSiO’) + 6aq. 

According to v. Waltershausen, herschelite does not occur at Aci reale. 

BSBPERXBZIV. A substance discovered by Lebreton (J. Pharm. xiv. 377), and 
contained in many fruits of the genus Citrus. It is most readily prepared from unripe 
Seville oranges, by removing the g^een rind and the inner part of the fruit, treating 
the white spongy inner coating with water at a temperature of 26 to 30® ; concen- 
trating the liquid, neutralising it with lime-water, and evaporating to a syrup; treating 
the residue with alcohol of 40 per cent. ; then filtering, distilling olF the alcohol, and 
agitating the bitter granular residue with 20 times its weight of distilled vinegar. 
The liquid on standing deposits hesperidin in warty masses, which may bo washed with 
water and recrystallised from boiling alcohol. 

Hesperidin thus purified forma white, silky lamin®, inodorous, and having a bitter 
taste ; sparingly soluble in cold alcohol, very soluble in boiling alcohol, insoluble in 
ether \ dissolves in 60 pts. of boiling water, and separates again on cooling. The 
solutions are neutral to vegetable colours. It is soluble in warm concentratcKi acetic 
acid, insoluble in oils. 

Hesperidin is decomposed by prolonged boiling with water, and then floats on the 
surface like melted wax. It is readily dissolved by caustic alkalis. Strong sulphuric 
acid dissolves it with orange-colour, gradually changing to red. Hot nitric add con- 
vert it into oxalic acid and a bitter substance. The alcoholic solution is not precipi- 
tated by acetate of lead, but forms a brown precipitate ynib ferric sulphate, 

Wiedemann has described, under the name itesperidm, a substance obtained from 
unripe oranges, ditfering from that above described in some respects, especially in not 
being soluble in alcohol. 

BX»SXTB. Telluric silver. (See Tellurium.) 

BEBBOXrXTS. Syn. with Essonitb (ii 607). 

BBTBROBXTXI* See Hetbrositb. 

BBTBBOCXsXNTB or Marceline. A siHcato of manganese.'blffcurring at St. Marcel 
in Piedmont, in oblique rhombic prisms of 128° 16', and containing 10 76 per cent. 
BiO*, 85 87 Mn»0*, 3*38 Pe*0*, 0-61 CaO, and 0*44 100*30. (Evreinoff, 

Fogg. Ann. xlix. 204.) 

BBTBBOXMCBBXTXI. An altered form of idocrase from SlatoTut in Siberia, con- 
taining, according to v. Hauer, 43*29 SiO*j 23*17 A1*0*; 6*10 Fe*0*; 23*78 CaO, and 
3*06 MgO. Colour light green. 

BBTBBOMORVKXBIIK. The property, sometimes observed in oomponn^ of 
crystallising, in different forms, though containing equal numbers of atoms similarly 

grouped. Such is the case with sulphate of dne, | O* + 7H*0, and ferrous sulphaie, 
7H®0 ; the former crystallising in the trimetric, the latter in the monoclinie 


T. W al tersh ausen. 

iCaO ) 

|Na* [Si0*.(Al*0».3Si0*) + 6aq. 

|k^o j 



lGD0l!t)R3i:' ' str 

XOBOCOllBUfS. S^. with Iodide of Codeine. (See Codbimb, i. 10d8)» 
XOBOrOMK. CHI^ Di^iodated iodide of meth^L (Gm. vii. 330; Gerh.i.609.) 
—This compound, which was discovered in 1824 by Serullas (Ann. Ch. Phys. xxv. 
314), is proauced by the action of iodine and alkalis or alkaline carWates on wood- 
spirit alcohol, or ether ; in small quantity also by the action of the same substances on 
cane-sugar, glucose; gum, dextrin, and several albuminous substances. It has also 
been observed among the products obtained by heating glycerin with hydriodic acid. 
(Erlenmeyer, Jahresb. 1861, p. 668.) 

Pre^ration. — 1 pt of alcohol is added to a solution of 2 pts. crystallised carbonate 
of sodium in 10 pts. water; the lic^uid is heated to 60 or 80® ; and 1 pt. of iodine is 
added by small portions, till it is entirely dissolved, and the liquid has become 
colourless. Iodoform then makes its appearance towards the end of the operation and 
sinks to the bottom of the hot liquid, which must be filtered to collect this first portion 
of the product The mother-liquor is then again heated to 60° or 80° ; another portion 
of carbonate of sodium, equal to the former, is dissolved in it ; a fresh portion of alcohol 
is added; and a current of chlorine is passed into the liquid, which must be continually 
agitated, so that the iodine which separates may mix well with it. When tlie process 
is so conducted that a slight excess of iodine is constantly present, iodoform is produced 
in abundance. When a considerable quantity has been deposited, the stream of chlorine 
is interrupted, the liquid is left to decolorise, and the second portion of iodoform is 
added to the first. The mother-liquor may then bo treated with chlorine and a third 
jx)rtion of iodoform obtained. The process, when properly conducted, yields a quantity 
of iodoform weighing 40 or 50 per cent, of the iodine used. Care must be taken, 
throughout the operation, to avoid a great excess of iodine, as in that case the iodoform 
will not bo produced at all. Borax may bo used instead of carbonate of sodium, and 
will yield a pixxluct of equal amount. With phosphate of sodium the product is not 
so good. (Filhol, J. Pharm. [3] vii. 267.) 

Cornelius and Gille (ifdd. xxii. 196) prepare iodoform by adding hypochlorite 
of calcium to an alcoholic solution of iodide of potassium heated to 40®, continuing the 
addition till the liquid becomes colourless. It then on cooling yields a crystalline de- 
jwsit, consisting of iodoform mixed with iodate of calcium, from which the iodoform 
may be dissolved by boiling alcohol. 8 pts. of iodide of potassium yield, by this process^ 

2 j)fs. of iodoform and 2 pts. of iodate of calcium. 

Projycrties. — Iodoform crystallises in nacreous scales, friable, soft to the touch, having 
a sulphur-yellow colour and the odour of saffron. According to Rammelsberg and 
Kokscharow (Jahresber. 1867, p. 431), the crystals are hexagonal combinations 
oP . P. For P the ratio of the secondary axes to the principal axis is 0*9025 : 1. 
Angle P ; P in the terminal edges « 133® 36'; in the lateral edges » 104®. Specific 
gnivity about 2*0. Melts between 115° and 120®, and then vaporises, partly with- 
out alteration, partly resolved into iodine and hydriodic acid, with a resiaue of char- 
coal. With vapour of water it distils undecomposed. It is not perceptibly soluble in 
v'attr, acids, or aqueous alkalis, but dissolves readily in alcohol, ether, and oils, both 
fixed and volatile. 

Decompositions. — 1. Iodoform heated in a sealed tube to 160°, either alone or with 
iodine, is resolved into di-iodide of methylene, and a number of brown substances not 
yet examined (Hofmann, Chem. Soc. J. xiii. 66). — 2. Iodoform is acted upon by 
Ifromine, yielding broraiodoform, CHBr”! — 3. With moist chlorine, it yields chlon>» 
carbonic oxide, hydrochloric acid, and protochloride of iodine : 

CHI* + IVO Cl* - COCl* + 3IIC1 + 3ia 

-4. Heated with pentackloride of phosphorus, it yields an oily liquid, perhaps chlolO- 
form, or according to Butlerow, di-iodide of methylene, CIPI*.— 6. Distilled with chlorids 
of mercury, lead, or tin, it yields chloriodoform, CHCPI. — 6. Distilled with stdphids 
of mercury, it ^elds a small quantity of an oily liquid, which, according to Bonchardat 
(d- Pharm. xxui. 12) is sulphoform, CPH^ ; but according to Eggert (Chem. Centr. 
18^7, p. 613) is nothing but disulphide of carbon.— -7. With cmnide of mercury or 
cyanide of silver it yielcU a sublimate of iodide of cyanogen. — 8. When cyanogen gas is 
pawed into an alcoholic solution of iodoform, the liquid becomes heatea and assumes 
• violet tint ; and if then left at rest, deposits golden-yellow, prismatic crystals, from 
which alcohol extracts two substances havmg a strong metallic lustre ; one with • 
greenislyrold^ the other with a violet colour ; the latter appears to hecyanidsof didodo^ 
CHI* Cy (St.-E vre, Compt. rend, xxvii. 633).— 9. Heated with alcoholicsolatkm 
®f *ylphoeyanaie of potassium to 100° in sealed tubes, it yields a gas and oily compotuid 
winch has an odour of horse-radish, and forms a crystalline compound with amrao^a^ 
thou^ not so readily as oil of mustard (Hlasiwetz^ Ann. Ch. Pharm. odi. 184)#— 

*0. Mercuric oxide ^niU heated with io^form acts ecsigetically upon it* ptodwmg 


I system. The c&use of this tiilRureaoe in the examples just cited is probably the 
elements — iron ax^ zinc — are not i8omoxx>hotis. 

8BTttA6BBtOft1PlSna. Ftother ore.^A sulphanlimonite of lead, Sb*S*.2PbS, 
which occurs in capillary forms resembling a cobweb ; also massive. Specific gravity 
5*67 to fi-9. Hardness 1 to 3. Lustre dull metallic. Colour lead-grey to stoel^grey, 
bumetimes iridescent. It is found at Wolf berg in the Eastern Hartz ; also at Andreas- 
bt rg and Claiisthal ; at Freiberg and Schemnitz ; in the Anhalt at Pfaffenberg a nd 
Meiseberg; and in Tuscany, near Bottino. (Dana, ii. 76-) 

BSXSKOiiXTfi on Hfieposite. A hydrated phosphate of iron and manganese, 
found near Limoges, in dark brown or black mAsses, containing, according to Dufr^noy’s 
analysis, 4177 p. c. 34*89 FeO, 17*67 MiiO, 4*40 H*0, and 0 22 SiO» (-98.*86), 
whence Ilammolsberg {Miner alchemie, p. 331) deduces the formula 3(6M0.2P*0*) or 

The same name is applied to an altered triphyllin from Chanteloub, Limoges, of 
brownish violet colour, specific gravity 3*41, and containing 32-18 p. c. P*0*, 31-46 
Fe'^0*, 30-01 Mij'-'O*, and 0*33 water (=» 100), whence the formula 6M’'0*.3P*O* + 6 aq, 
(Rarnm els berg, loc. cit.) 

B£trX.A»rl>ZX2:. Soo Stilhite. 

B£VSZSKrS. The least volatile part of the products of the dry distillation of 
caoutchouc and gufta percha. It is an oily hydrocarbon, of an amber-yellow colour, 
acrid btste, and specific gravity 0*921 at 21®. Boils at 315®. Mixes in all proportions 
with alcohol, ether, and oils, IkiMi fat and volatile. It rapidly absorbs chlorine, and 
ac(juires thereby the consistence of wax. It is partly resinisod by sulphuric acftd,' and 
tfion converted into an oil which boils at 228®, and is not attacked by strong acids 
(Ilouchardat, Ann. Ch. Pharin. xxvii. 30). According to Greville Williams, it is 
probably polymeric with isoprene and cuoutchin (ii. 901). 

HBXACBIiOBBYXXB. A product of the action of chlorine on hydrate of 
phenyl. (See Puenyi,.) 

BSXACBOZiBZC ACZXI. — An acid polymeric with acrolein, and pro- 

duced by dropping that liquid iuto an alcoholic solution of potash. The solution 
becomes heatc-d to the boiling point ; and on addition of an acid, yields hexacroleio 
acid as a yellow, amorphous, feebly acid substance, soluble in alkalis, alcohol and 
ether; insoluble in water, easily fusible, but not volatile without decomposition. 
Moot of its salts are insoluble in water. (Claus, Ann. Ch. Pharm. suppl. ii. 117.) 

BBBAMBTAPBOBPBOBXO AOZB. See Phosphobic ACn>. 


fN(CTP)a 

BZUKAXkKBTBnairAMZBB. C»H»N« = N ( N(CIf^)*.— A volatile crystallins 

(N(CIP)» 

ba.se produced by the action of ammonia on dioxymethylene (Buttlerow, Ann. Ch. 
Pharm. cxv. 322), See MKTHYLENAMunss. 

^^^^TBXXISBIC AXiCOBOXr. See Ethtlenb, Hydrates of (ii. 676). 

BBX ltt JBTBYB-gTBYXBBril-PXPBOSPBOBimtit. See Puosphorus-uasbs 
HlSXYZf. Capropl, C*^H^ ■■ — The sixth alcohol-radicle of the scries 

It is produced by the electrolysis of oenanthylic acid: 

C»H‘<0* = 0H'» + H + CO«. 

To prepare it, a solution of oenanthylate of potassium is decomposed by a voltaio 
current, and the oil which separates is dried over chloride of calcium, and then distilled 
With alcoholic potash, which retain.? cenanthyL'c acid, while the hexyl passes over with 
the vajiours of alcohol, and may be purified by washing with water and rectification 
Gossleth, Chem. Soc. J. iii. 210). Wurtz (Ann. Ch. Phys. [3] xlir. 
^7o\ by electrolysing a mixture of 100 pts. mnanthylic and 120 pts. valeric acid, neutral- 
ising with potash and cooling to 0®, obtained an oil which, after desiccation by chloride of 
caicium, yielded by fractional distillation, tetryl (C^H*), boiling between 100® and 140®, 
(C^H».C«H»»), between 140® and 180®, and a portion boiling between 
18^ and 220®, consisting chiefly of hexyl. 

vi ^ ^ colourless oily liquid, of specific gravity 0-7674 at 0®. It boils at 202®. 

1 ?? ? vapour whose density is 6*983 (Wurtz); calc, (2 vol.) = 6-8979. It is 
^luble in water, but soluble in alcohol and ether, 
mnfi attacked by sulphuric acid, and may be distilled without alteration with 

snIrK • ^ OMcen^ted nitric acid; but by repeated distillation with a mixtiur^ of 
p one and nitric acids, it is converted into an acid, probably caproic acid* It is 



Si 2 lODOLITE— lODOSALICTLIC ACID. 

w»t«. crW anhydride 

with With alcohX potash itVormaa 

however, volatiUfiing with the watery 7’*!?’" , , * * rn, nW i «71 rMmrded se 

liquid Which Brunlng. who first obtained it (Ann Ch Phaivn civ, ^ ^Wi?h 

«3imn and aldeh;de (Butlerow, Ann. Ch. Pharm. cvii. 110). 

CiIPNaO + CHP = CffP + Nal + CT'IPO. 

According to more recent experimenta ^y Butlerow (rt^. criv. 204^ W 

appears^at acrylic acid, C’lI’O'^ and ethyl-lactic acid, C II 0 , are bkewise tormea 

^ 14 Iodoform heated with potassium produces a violent raplosion. . , . ... 

18 With triV<Ayf-pAosi)/(/«'', iodoform unitesdirwtly.withoutthe aid ofhMt, yielding 
the tri-iodide of fomiyl-noiietliyl-triphosphoiiium (11 o fin a n n, Proc. Boy. Soc. x. 9) 

CHI' -t- 3(C'ii')'P = C''H“r’i’ = [(Cii)'"(C'n')'PTP- 

ZOOOX.XTB. A meteoric mineral mentioned by C B- Shepard amon|s number 
of othera which liavu been but imperfectly described. (biU. Am. J. [2J u. 377 , vu 
402 ; XV. 3G3.) 

ZOBOMSCOKXS. C»H‘IW. (J. Brown, Edinb. Phil. Tran«. xxi [1] 49.)-A 
substance formed by treating pyromcoonic acid with excess of protoehlorido of 

C'H'O' + 8IC1 -i- 41110 - C»n‘I»0» -I- 2CO' + 8IIC1. 


On adding potasli to the yellow liquid thus obtaineil (after separation of a small quan- 
tity of iodopyrotneeonie acid) inquire iodomecciie is obtained as a black precipitato 
wlLh redi««;ives on agitation. The addition of pota-h must bo discoutmued as soon 
as this preeipitate exhibits a lighter colour, no longer redissoWes on agitation, and is 
not increased by fresh additions; and by then collecting the jvrecipitate. and washing 
it with cold water, and repeatedly crystallising it from boiling alcohol, lodomeeone is 
obtained in the pure state. It may be obtained in the same manner from ■ne«.nic or 
eomenie acid, wUch differ from pyromeconic acid only by the elements of caibomo 

“"Kmreone forms shining yellow hexagonal plates, having an odour whmh i^lls 
that of saffron ; it has neither an acid nor an alkaline reaction, sublimes below 100 , 
is insoluble in water, soluble in alcohol and in ether, insoluble in hydrechloric aeid 
which does not decompose it even at the lioiling heat. It is decomposed by slreng 
nitric acid, and with aid of heat by strong sulphuric acid. Caustic potash, after long 
boiling, abstracts from it a small portion of iodine. 


ZOBOMBCOWnr. See Meconin. 

ZOBOXkZBXiAVZZiZZrS. See Melaniline. 

ZOBOMBBOOTtATlJS. Compounds of mercuric iodide with the more basic 
iodides. (See Mercury, Iodides of.) 

ZOBOMBTBTliAMZirB. See Mbtrylamine. 
10B0MSTBYB-SBBBWZ0B8 ACZB. See Selenious Ethers. 
ZOBOMOBFBZira. See Morphine. 

ZOBOUrZCOTZlffB. See Nicotine. , 

ZOBOBTZTBOKABMZW’B. Syn. with Di-iodide of NyfnoHARMiNE (p. 11). 
ZOBOWZTBOPBBNZC ACZB. Seo PiiENic acid, De|^tives of. 
ZOBOPAFAVBBZBTB. Seo Papaverine. 

ZOBOBBBUnriiAMZlfB. Seo Phenylaminb, Derivatives of. 
ZOBOPBBBTBCZntACOBZnZXBB. See Citraconic acid. Amides of 
(i. 993). 

ZOBOBIANTB. Syn. with Iodomkconin. 

ZOBOBBATZBATES. Compounds of platinic iodide with the more basic 
iodides. (See Platinum, Iodides of.) 

ZOBOF&OBTBBBB. See Allyl, Iodides of (i. 142). 

ZOBOBTBZTB. Syn. with Ioditb. 

ZOBOBTBOlBBOOBrZO ACZB. Sec Pyromeconic acid. 

! ZOBOqVZBZm. See Quininb. 

Z 01 I 09 AUPTUC ACZB. See Saucyuo Acm 


152 HEXYL-COMPOUNDS. 

scarcely attacked by bromine, even in stinslune. Chlorine attacks it strongly, even in 
difEbsed daylight ; hydrochloric acid being evolved, and a viscid substance formed, which 
gives off hydrochloric acid when distilled and leaves a residue of charcoal (Brazier 
and Q-ossletlL) 

The compounds of hexyl were hardly known before the year 1861, the alcohol 
having been barely identified by Faget, in fusel-oil, in 1854 (Compt. rend. x«vii. 
780). At present, the known sources of hexyl-compounds are : (1) fusel-oil containing 
the alcohol; (2) mannite andmelampyrin, which, when reduced with hydriodic acid, give 
iodide of hexyl; and (3) petroleum and coal-tar oil, which contain hydride of hexyl 
Whether the hexyl-compounds obtained from (1) and (3) are identical is still an open 
question ; but, without doubt, those derived from (2) are essentially different from 
the hexyl-compounds either of fusel-oil or of petroleum. The hexyl-compounds of 
fhsel-oil and of petroleum have been distinguished by the prefix Alpha, those of 
mannite or melampyrin by Beta. The former compounds, so far as they have been 
yet examined, present the very closest analogies to those of the ethyl series ; the latter 
depart in many ways from this standard: thus, they show a great tendency to evolve 
their olefine during reaction.s ; and their alcohol has too low a boiling point, and when 
oxidised with dilute chromic acid, does not yield caproie acid, but breaks up into car- 
bonic acid, water, butyric and acefic acids. 

The hexyl-compounds derive peculiar interest from their having the same carbon- 
condensation as the sugars, and from their standing in close relation thereto, as the 
reaction of hydriodic acid with mannite proves, mannite being, as has long been 
known, a product of the reduction of glucose (ii. 864), 

Berthelot has already remarked upon the peculiar readiness to react shown by 
tritylene It is not unworthy of remark, that hexylene, which is paratritylene, likewise 
. displays extraordinary energy. 

AiOetates of Hexyl. — a ITexyl-acetate is prepared by the action of a iodide of 
hexyl upon acetate of silver. It is a colourless liquid, lighter than water, and boiling 
at about 145° C. By the action of caustic potash, it has been transformed into an 
alcohol, boiling at about 150°. (C ah ours and Pelouze, Compt. rend. liv. 1245.) 

^ Hexyl-acetate is prepared by distilling /3 hexyl- sulphuric acid with a grea* 
excess of glacial acetic acid : — 

»cn..j30. . 

It is an oil lighter than water, and very insoluble in water, having a peculiar smell, 
unlike the usual smell of an acetate of an alcohol-radicle. Boiling point 156°. It 
distils without decomposition. Digestion at 100°, with an alcoholic solution of potash, 
transforms it into /3 hexylic alcohol Unlike 3 C®H'U, it yields no hexylene on diges- 
tion with alcoholic solution of potash. Sp. gr. at 0° = '8778 : at 60°=- *8310 ; therefore 
expansion-coefficient for 50° = -0563. It forms a double compound with Na^G“H“0 
(betii-hexylate of sodium— the body produced by treating ^ hexylic alcohol with sodium), 
which double compound is decompo.sed by water, giving ^ hexylic alcohol. 

Bexyl-alooliols. — a Hexyl-alcohol (caproic alcohol), a C®II'^0, was found by 
Faget, in fusel-oil (1854). but not purified by him. Cahours and Pelouze ob- 
tained it from hydride of hexyl, by converting that compound into a iodide of hexyl, 
thence- forming a acetate of hexyl ; thence, by means of caustic potash, the alcohol 
The a he.xyl-alcohol thus prepared boils at about 150°, and smells like umylic alcohol 
(Compt. rend. liv. 1245.) 

o hexylic alcohol yields caproic acid by oxidation. (Faget.) 

/8 Hcxyl-afcohol, /8 C®II**0. — Prepared by digesting /3 iodide of h^xyl with oxide of 
silver and water: the j8 alcohol is then formed, together witly^ hexylic ether, and 
fi hexylene. Or better, by shaking up ^ hexylene with sulpl^teC acid (previously 
diluted with one-third its volume of water), by which means 3 l^H^l-sulphuric acid is 
produced, and this, distilled with a large excess of waiter, yields ^uexyl -alcohol. It is 
a viscid liquid, having a refreshing, pleasant smeU, very unlike that of amylic alcohol ; 
boils at 137°, under bar. pressure of 755*5 millimetres. Specific gravity ut^ 0°«» 
0’8327; at 16° 0*8209 ; at 99°= 0*7482. It therefore expands somewhat rapidly. 

Concentrated sulphuric acid converts it into para-hexylene, even at 0°, and does not 
form any hexyl- sulphuric acid, even after standing for some time. More dilute acid 
(strength about 87 per cent. SO<H*) forms hexyl-sulphuric acid, which is capable of 
forming salts. Acid chromate of potassium and dilute sulphuric acid convert it into au 
aldehyde, which has no tendency to take up oxygen from the air, and when further 
oxidised with the same oxidising agent, yields, not caproic acid, but carbonic aci<l wat^, 
butyric and acetic acids. The /5 variety of the alcohol has not been converted into the 
« variety ; on the contrary, there is every reason to believe that the two bodi^ are 
radically different. (Wankly n and Erlenmeyer, Chem. Soc. J. xvi. 221.) 



lODOSTRYCHSlIfE- IPECACUANHA. Sia 

XOHOSTSTOBVZWS. See Steychninb. 

20]>0-^IF8STXTVTZ0ir OOBKPOUJHB8. Iodine, though generally speaking 
very similar in its action to chlorine and bromine, acts for the most part lew 
energetically, and is much less disposed to form substitution-compounds by direct 
’ action. Some compounds containing hydrogen, indeed, are acted upon by iodine in the 

sjime manner as by bromine or chlorine, part of the hydrogen being abstracted to form 
hydriodic acid, and its place being supplied by an equivalent quantity of iodine ; such 
is the case with ammonia (iii. 280), ethylamine (ii. 636), mcthylamine, and phenylamine. 
But iodated organic acids cannot, for the most part, be formed in this way ; to produce 
them from the original acids it is necessary to use chbrido of iodine instead of free 
iodine, so that the superior affinity of the chlorine for hydrogen may remove it, and 
enable the iodine to take its place (p. 294) e. g.\ 

+ ici = iici + cmno\ 

Pyrom«*- lodopyro- 

conic acid. inecoidc 

acid. 

On the other hand, Kek ul(5 (Chom. Soc. J. xvii. 206) has lately shown that many iotlo- 
substitution compounds are decomposed by hydriodic acid, iodine being set free and 
the original acid reproduced, c. y. : 

C3IPI08 + HI = + P. 

^ lodopropi- Propionic 

onic acid. acid. 

It is evident that where this reaction takes place, it is impossible that an iodised com- 
pound can be produced by the direct action of iodine on an organic acid. [For an 
exception, perhaps only apparent, to this rule, see Salicymc acid.] 

The action of hydriodic acid on iodated organic compouiuls just noticed explains 
tlie reducing action wliich it exerts on certain oi^anic aciils (p. 285). The reaction 
lakes place in two sbiges, an iodo-substitution compound being first formed, and 
subsequently decomposed in the manner above explained, c. g:. 

Cm*0* + III = IPO + CHPIO*. 

Glycollic loilacctic 

acid. acid. 

C*IPIO^ + HI - P + C^H'Oh 

lodacctic Acetic 

acid. acid. 

Z0D08V]LPBZDS OF AlZTZMOinr. See Antimony (i. 338). 

ZOBOTB^ZitTRATZiS. See Tellurium, Iodide of. 

ZOOOTOZtXnrXiZC ACZB. See Toluylic acid. 

ZOZiZTS. Syn. with Dichroitb (ii. 320). 

ZOVN’APBTBZN'. This name is given by Carey Lea (Sill. Am. J. [2] xxxii. 
211) to a colouring matter obtained in preparing naph thy lamino from nitronaphthylene 
by the action of fenous acetate {GrrulirCs Handbook, xiv. 95, 5). If the mixture is 
heated before being treated with caustic potash, a faint red-coloured liquid distils over, 
wliich turns violet on addition of mineral acids, and if subsequently heated, assumes a 
<lark purple- blue colour, and after a while yields a black crystalline precipitate, the 
quantity of which is increased by further heating; this is 'onnaphthin. The ciystals 
are black, with green metallic reflex, and dissolve in alcohol with blood-rcd colour, 
which, on addition of a very small quantity of sulphuric or nitric acid, changes to 
scarlet, and finely to purple-blue, is not altered by heating with sulphuric acid, but is 
chang^ to straw-yellow by hot nitric acid. From the brown mother-lic^uor, ammonia 
throws down dark-coloured flocks, which are insoluble in water and in alcohol, are 
blackened by dilute sulphuric acid and bichromate of potash, and then form a violet 
solution with dilute nitric acid, 

XPBOAOBAiraA* An emetic substance, the root of several plants ™wing in 
•South America. AU the kin^ have nearly the same ingredients, but differ in the 
amount of the active principle {tmitin) which they contain. The best is the annulated, 
yielded by Cephalin fpecacuanka, a small slirubby plant of the rubiaceous o^er, native 
tjf Brazil and New Granada. It is found in commerce in pieces from 2 to 6 inches long 
and about the thickness of a straw, much bent or twiste^ and sometimes branched^ 
with a remarkably knotty character, owing to numerous circular depressions or clefis, 
^hich give the whole the appearance of a number of rinp. It consists of a central 
axis called medituUium, and an external portion called the cortical part Each of 
Uieso contains emetin, but by far the greater portion exists in the cortical part. 


HE^Tt-qOMPOUNDa m 

Vazjl-4a4eliT<les.-~a HtxyUaXd^yd^ a C^»K).--Unkiiown : it might perhaM he 
obtained oxidation fh>m the a alcohol of fhsel-oi], or of that deriyed from the 
hexyl'hydride found in petroleum. 

i3 Hexyl-aldehydf, fi OH '*0.— Obtained by oxidising the corresponding alcohol 
with acid chromate of potassium aud dilute sulphuric acid. It is a colourless limpid 
liquid of fragrant, penetrating odour; boils at 127® (bar. » 761 ’2 millimetres). 
Specific gravity at 0® 0*8298, at 50^ «= 0*7846 ; coeflScient of expansion between 0® and 

60® =0*0576. It forma a solid compound with acid sulphite of sodium; does not 
reduce ammonio-nitrate of silver ; does not take up o:^gen from the air. 100 parts 
of water dissolve about one part of fi liexyl-aldehydo. When treated with add Chro- 
mate of potassium and dilute sulphuric acid, it yields no caproic acid, but butyric, 
acetic, and carbonic acids, and water (Wanklyn and Erlenmeyer, Chem. Soc. 
J. xvi. 307). A consideration of these reactions of $ hexylic aldehyde leads to the 
conclusion that it is an acetone ; for whilst the aldehydes take up oxygen from the 
air and yield by oxidation the corresponding acid, the acetones do not take up oxygen 
from the air, and yield lower acids (when oxidation is brought about). 

This view of the case becomes increasingly probable when the history of acetic 
acetone, lately brought to light by Liebeii, is considered. Acetone is reduced by hy- 
drogen to tritylic alcohol ; but the tritylic alcohol thus formed 3 delds by oxidation, not 
propionic aldehyde, but common acetone. 

3 Hexyl-aldeliyda will probably turn out to be either methyl- valeryl, ^^*0 1 ’ 
ethyl-butyryl, | . 

Glilorldes of Bexyl. — a Hexyl-chloride^ aC*n**Cl, is obtained by Pelouze 
and Culiours, by the action of chlorine upon the hydride of hexyl existing in American 
petroleum. In addition to the a chloride of hexyl, further substitution-products are 
obtained, a Chloride of hexyl decomposes an alcoholic solution of monosulphide of 
potassium, giving a sulphide of hexyl, a (C*‘H“)*S, boiling at 230°. With sulphydrate 
of potassium, it gives hexyl-mercaptan : boiling point 145® to 148°. With cyanide of 
potassium, it seems to give a cyanide of hexyl. (Compt. rend. x. 1241, ct seq.) 

/3 Hexyl-chloride is obUiiiied by saturating the corresponding alcohol with dry 
hydrochloric acid, and heating iii the water-bath under pressure. It is an oily 
liquid, lighter than water, boiling at about 120®, and yielding hexylene when digested 
at 100® with alcoholic solution of potash. 

Hydrides of Bexyl. — a Hexyl -hydride, o was found by Grerille 

Williams in the products of the distillation of Boghead coal, and called by him 
(originally) propyl (*with which it is isomeric) ; in 18G2 ho came to the conclusion 
that his propyl was hexyl-hydrido (Chem. Soc. J. xv. 130). Pelouzo and Cahours 
found the same substance in American petroleum (Compt. rend. liv. 1241), and 
obtained a chlorine substitution-product from it, which reacted as chloride of hexyl 
sliould do. From the chloride was indirectly obtained an alcohol (p. 162) boiling at about 
150°, and like amyl-alcohol in odour, Schorlemmer obtained the hydride also from 
the products of distillation of Cannel coal. Its boiling point is 68®. Density of the 
liquid = 0*6745 at 18° (Williams) ; 0 .^69 at 16® (Pclouzo and Cahours); 0*678 
at 15*6® (Schorlemmer). The vapour-density corresponds closely with the formula 
CTF*. It is a colourless mobile liquid, having a fragrant odour. Chemically, like all 
bodies of its class, it is very inactive. Neither sulphuric acid nor nitric acid attacks 
it ; chlorine and bromine only with difficulty. In the arts, a mixture of o hydride of 
hexyl with other hydrides goes by the name of turpentine substitute^ 

& Hexyl-hydride, $ C‘‘II’\ is obtained indirectly from mannite. It may be pre- 
pared by digesting zinc with /8 iodide of hexyl and water or alcohol ; or by exposing 
mercury and the iodide to the action of sunlight. In the latter case the reaction is : 
Hhg + 2C«H'»I - HhgP + C«H'» -f C*1V*. 

In the former ca.se hexylene also accompanies the hydride. In order to remove the 
hoxylene, it is well to shake up with sulphuric acid, which enters into combination 
with the hexylene. 

In smell, boiling point, and outward appearance, the 0 hydride resembles the a 
hydride veir closely. In specific gravity, however, it appears to differ from the a 
^mpound, being lighter. At 16*6® its specific gravity does not exceed 0*6646. Iti 
derivatives are probably quite distinct from those of the a hydride. 

of Beii^l. — a Hexyl-iodide, aC*H’*I,is obtained by Pelouze and 
t^ours from hydride of hexyl existing in American petroleum. It boils at 172® to 176® 
(wing of higher boiling point than the 0 iodide), and smells like iodide of 
It IS acted upon by light. It reacts with a variety of salts, forming ethers. The 



*14 ipecuanic ACifi— raroroM. 

The foUowing aw analyaea of different kinds of ipecaonanha : 

« 




CerUcal 

Medt. 




part. 

tuUiunu 


Fatty matter 

Wax . 

• { 1*2 

! 1*2 
. 16*0 

2 

6 

trace 

2 

Besin . 

Emetin 

16 

116 

2*45 

6*00. 

14 

Non-emetic extract 

Oum . . « 

! '2*4 

16 

16 

Albumin 

Starch . 

Woody fibre . 

. 2*4 

. 63*0 

. 12*6 

42 

20 

20*00 

66*40 

18 

48 

Gallic acid ? . 

Loss . 

, trace 
. 11*3 

100*0 

4 

100 

5*00 

100*00 

2 

100 


a. Grey ipecacuanha, analysed by Barruch and Richa^ (the 2*4 per cent, gun® 
includes LliL matters), b. Blackish-grey analysed by Pelletier, c. R^dmh-grey, 
deprived of its meditullium, analysed by Pelletier. In an ash-gr^ variety, Pelletier 
found 9 per cent, fatty matter, 12 emetin, and 79 starch, gum, and woody fibre. 

Another sort of ipecacuanha is obtained from the Ps^chotna etnetica. This kind 
contains only 9 per cent, emetin; and the undulated or amylaceous ipecacuanha, the 
produce of Richardaonia acahra, contains only 6 per cent, emetin, with 92 per cent, 
starch. Besides these, the roots of numerous other plants are used m tropical countries 
as emetics, and often termed ipecacuanha. (Pelouzo et Fremy, TratU^ vi. 399.— 
Penny Cycloyadia, xiii. 17.-Rochleder, Phytochemie, s. 131.) 

XPBCITilJNrXO ACXB. An acid existing, according to W i 1 1 i gk (Ann. Ch. Pharm, 
Ixxvi. 342), in the root of Cc-phalia Ipecactumha. It is extracted from the rootly 
boiling with alcohol, precipitating with basic acetate of lead, and decomposing the le^- 
salt with sulphydric acid. It is a reddish-brown, very bitter, amorphous mass, soluble 
in ether, more soluble in alcohol and water. It colours ferric salts green, the colour 
being changed to violet by ammonia. Its dilute solution does not precipitate neutral 
acetate of lead. When mixed with an alkali, it absorbs oxygen from the air and 
becomes coloured. It gives by analysis 66*22 per cent C, and 6*23 H, whence 
Willigk deduces the formula Pelletier (Ann. Ch. Phys. iv. 172) regarded 

it as gallic acid. 

XPOjIg jQXO ACXB* An acid produced by the action of nitric acid on rhodeoretic 
acid, a derivative of jalap-resin \q. v.) It agrees with sobacic acid in all its properties 
excepting its melting point— which is 104®, whereas sebacic acid melts at 127°— and m 
some of its relations to bases (Mayer, Ann. Ch. Pharm. Ixxxiii. 143). See Sbbacic 


ACID. 


XAXBXITM. Ir. Atomic weight 198*26. — The black scales which remain when 
native platinum is dissolved in nitromuriatic acid were found by Smithson Tennant 
(Phil. Trans. 1804) to consist of an alloy of two metals, iridium and osmium, hence ^led 
i r i d 0 8 m i n e. The same alloy occurs in flat white metallic grains in native platinum. 
Iridium has also been observed in combination with about 20 mt* cent, of platinum, 
crystallised in octahedrons, which are whiter than platinum, a^ are said to have a 
greater density, namely 22*66. , , . j 

The separation of the osmium and iridium is effected by tn^wllowmg methods ; 

1, The iridosmine is mixed with an equal weight of common salt, and subjected to 
the action of a stream of chlorine in a porcelain tube^ heated to redness. Double 
chlorides of iridium and sodium, and of osmium and sodium, are then formed, and if 
the chlorine is moist, a certain quantity of osmic acid, which volatiliws, and may be 
condensed in aqueous ammonia. The mixture of the double chlorides is detached from 
the tube and boiled with nitric acid. Osmic acid is then evoly^ and majr be^ con- 
densed in an alkaline solution, while the chloride of sodium and iridium remains in the 
solution, and, when mixed with sal-ammoniac, yields a pr^pitate of chloride of 
iridium and ammonium, which, on ignition, leaves metallic iridium. (Wohler, Fogg* 

Ann. xxxi. 161.) ■ . , j * 

\ A mixture of 100 grms. of iridosmine and 300 gnns. of nitre is placm in an 
earthen crucible, and heated to bright redness for an nour, the resulting mixture of 
ctemate and iridiate of potassium poured out on a cold metal plate, then introduced into 
a tubulated retort, and diatilled with a large excess of nitric acid. A large quantity of 


m ^tL‘ComoPKM 

alcoboi wMch i)8 indiiwflj obtain itboUa at 160®, and is believed br Pelonze 
and Cahourt to be identical with Faget's alcohol extracted from fusel-oil (Compt. 
rend. liv. 1241, et. seq.) Wiirtz has also obtained a hexyl-iodide by acting with 
hydriodio acid upon a variety of hexylene “which seems to be distinct fiom the 
fi hexylene of mannite. 

/3 Hexyl-iodide is prepared by boiling mannite with a great excess of the strongest 
aqueous solutiou of hymriodic acid in a stream of carbonic anhydride (24 grms. mannite 
to 300 cub. cent, of acid, boiling at 126® C.) ; phosphorus may be added to the boiling 
liquid with great advantage. The iodide of hexyl appears in the form of an oily 
^stillate, which should be freed from iodine and purified by distilling it in contact 
with water. When the operation is properly performed, very nearly the theoretical 
quantity of perfectly pure iodide of hexyl is obtained. The change which takes place 
is represented by : 

+ ii hi = c®h’»i + en^o + 

Mannite. lod. hexyl. 

Melampyrin (ii. 349) may be substituted for mannite in the above process; but 
the yield is not so good. The $ iodide may also be prepared by digesting /3 hexylene 
with hydriodic acid. 

fl Iodide of hexyl is a colourless liquid, not to be distinguished by the smell from 
iodide of amyl. Specific gravity at 0® = 1*4447; at 50° = 1*3812; its co-efficient 
of expansion between 0® and 60® is 0*0460. The boiling point at 762 millimetres 
*=* 167*6® C. It is only very slightly decomposed by distillation, and is, on the whole, 
a very stable compound. 

The almost invariable product of the reaction of this iodide is hexylene. With 
alcoholic solution of potash, it has given very nearly the theoretical quantity ol 
hexylene : 

fi + KHO * /3 C«H»* + H»0 + KI. 


With oxide of silver and water, acetate of lead, mercury, sodium, oxalate of silver, 
tine and water, or xinc and alcohol, and finally, when heated to 190® with water 
alone, it invariably yields considerable quantities of hexylene, other products being 
formed at the same time, according to the reagent employed. 

Uromine acts with great violence, replacing the equivalent of iodine in 3 iodide of 
hexyl. 

/3 Bexyl-oxlde, /3 is formed, together with the olefine and alcohol, when 

moist oxide of silver acts upon the corresponding iodide : 

Ag^O + 2^C‘H"I = 2AgI + 

It is a thick, slightly yellow liquid, not miscible with water, and of a faint pene- 
trating smell. Boils constantly between 203*6° and 208*6®, with the barometer at 
751 millimetres. 

nfiqis ) 

BexylHllilpliurlo a Hexyl -sulphuric acid, a ^ ^ fSO«, is little 

known. 

Hexyl-sulphuric acid is obtained by the action of sulphuric acid (diluted 
with about one-third of its volume of water) either on /3 hexylene, or on /3 hexyl-alcohol. 
It is partially decomposed by dilution with water, and gives off /9 hexyl-alcohoL Salta 
of this acid have been obtained. 


/3 Sulpbydrate of Hexjl, or ^ Hexyl-mercaptan, is obtained by digesting the 
iodide with a concentrated alcoholic solution of sulphydrate of po^sium : 


+ KHS 


H 


S + KI. 


6n adding water to the product of the reaction, the mercaptaaf separates as a clear, 
colourless, mobile liquid, not miscible with water and lighter than water. $ Hexyl- 
mercaptan is formed in the theoretical quantity in this operation. As was mentioned 
above, an alcoholic solution of hydrate of potassium transforms ^ iodide of hbxyl 
almost completely into hexylene and water ; sulphydrate of potassium, on the other 
hand, transforms the iodide into j3 sidphydrate of hexyl. When an alcoholic solution 
of sulphide of potassium is used, there is also no formation of hexylene, but of a 
sulphide instead, so that the sulphur-compounds of the /B series are mifoh more stable 
than the corresponding oxygen-compoimds. 

It is farther noteworthy that B hexyl-mercaptan boils at 142® nn^er a bar. pressure 
of 760 millimetres— being the point at which the a mercaptan ought to boil. 

B Hexyl-mer(»iptaj) has the kind of smell characteristic of a mercaptan, only it seems 
not to be BO persistent as the smell of common mercaptan. It acta upon oxide of mex* 








collected on a filter and boiled with nitromuriatie acid, which dissolves the two metale 
as Ahlnrides. The solution is then mireH with afil 


as chlorides. The iwlution is then mixed with sal-ammoniac, which precipitates 
chlorosmate and chloriridiate of ammonium ; and the mixed precipitate is suspended 
in water and exposed to a current of sulphurous acid, whereby &e chloriridiate of 
ammonium, NH^IrCl* is converted into chloriridite, (NH^)*IriCl«, which dissolves, while 
the chlorosmate of ammonium remains unaltered, and does not issolve : this latter 
chloride yields pure metallic osmium by calcination. The solution of chloriridiate of 
ammonium leaves, when evaporated, beautifhl brown crystals, which by calcinatiou 
yield metallic iridium. (Fr^my, Compt. rend, xviii. 144.) 

Iridosmine generally, however, contains platinum as well as other metals of the same 
group, which are not effectually separated by the methods just described. The com- 
plete separation of the several metals of the platinum group has of late years formed the 
subject of several elaborate investigations, which will be more fully considei-ed under 
Platinum ; those more especially relating to iridium are the following : 

3. The separation of iridium from platinum depends upon the ready convertibility of 
the chloriridiate of ammonium or potassium to a lower degree of chlorination by tho 
action of reducing agents, and the easy solubility of the resulting double chliide. 
Muckl^ and Wohler (Ann. Ch. Pharm. civ. 368) treat chloriridiate of ammonium 
containing platinum with solution of cyanide of potassium, adding the solution 
cautiously and avoiding an excess, then digest it at a gentle heat till the undissolved 
portion has acquired a light yellow-brown colour. The chloriridiate of ammonium is 
tluLs convert^ into cliloriridite of potassium, which easily dissolves, whereas tho chloro- 
platiuate resists the action of the reducing agent much longer, and remains undissolved. 
The completion of the process is plainly indicated by the change of colour of the un- 
dissolved salt, since the presence of a small quantity of the iridium-salt gives a deep 
red colour to the chloroplatinate. 

The separation mav also be effected by sulphocyanate of potassium, the action of 
which is similar to that of the cyanide, but somewhat more complex. It is better, 
however to reduce the chloriridiate of ammonium by sulphydric acid, or by sulphurous 
acid, as in Fr^my’s method (see above), because metallic iridium may then be imme- 
diately obtained by simply evaporating the filtered solution of tho chloriridite of am- 
monium, and igniting the residue. (Claus, Ann. Ch. Pharm. crii. 129: Jahresb. 
1858, p. 210.) 

4. The iridosmine which remains after the complete exhaustion of platinum ore 
with nitromuriatie acid is a mixture of two substances, one of which is scaly and 
consists of osmium, iridium, and ruthenium, while the other, which is granular, contains 
but mere traces of osmium and ruthenium, but is very rich in iridium and rhodium. 
Now when this residue is heated to bright redness in a porcelain tube through which 
a current of air (freed from carbonic acid by passing through potash, and from organic 
matter Iw passing through oil of vitriol) is drawn by means of an aspirator, osmic acid 
and oxide of ruthenium are formed, the latter crystallising in the colder part of the 
tube, while the more volatile osmic acid is carried forwards (see Osmium and Ruthb- 
nium), and an alloy of iridium and rhodium remains behind. To separate these metals, 
the ^sidue thus obtained is calcined in an earthen crucible with four times its weight 
of nitre, c^ being taken not to carry the process too far ; and the product is exhausted 
with boiling water and filtered. The filtrate consists of an alkaline solution of osmite 

the osmium never being comjpletely removed by tho previous roasting, 
while a copious precipitate containing the indium and rhodium, together with potash, 
remains on the filter. On treating this precipitate with nitromuriatie acid for several 
hours, the iridium is converted into chloriridiate of potassium, which may be dissolved 
out bpr boiling water, the rhodium still remaining undissolved. (Fr5m y, Compt. rend. 
Mxviii. 1008.) V r 

6. Iridosmine in fine fiowder (into which state it mav be brought by calcining it in 
* t^ruciblo with four or five times its weight of zinc, till the flame no longer e^ibits 
®ny trace of that metal) is mixed with 3 pts. peroxide and 1 pt of nitrate of barium, 
end heated to redness for an hour. The bl^k friable substance remaining in the 
^cible,^ and consisting of osmo-iridiate of barium containing ruthenium, is freed from 
osmic acid by prolonged boiling with nitromuriatie acid ; th^aryta is then precipitftted 
y the exact quantity of sulphuric acid required (this quantity being known from the 
previous weighings) ; the diik red filtrate mixed with excess of hydrochloric acid is 
^aporated over the water-bath, and mixed, towards the end of the operation, with a 
m^e Wees of solid sal-ammoniac ; the residue, no longer smelling of acid, is washed, 
^^with a concentrated solution of sal-ammoniac (which dissolves out the rhodium, 
with metals not belonging to the platinum group) till the liquid no longibr 


tnrr witb Miergy. ISodium attacks it, with erolation of a gas and Ibcmathm of a wMta 
reaiaiid ; no doabt the reaction is of the nstial kind ; 

Very curiously, caustic potash, l^th solid and in aqueous solution, also attacks this 
mercaptan; and, still more curiously, a heat of 100® C. decomposes the compound 
formed with aqueous potash, occasioning separation of the mercaptan, which, however, 
recombines on cooling. J. A. W. 

BSlCTJUBirS. — Of this hydrocarbon there are also two modifications. 

a Hexylene, It is doubtful whether Fremys hydrocarbon, boiling at 65® and 
obtained by the distillation of hydroleic and metoleic acids, was hexylene. Chrevilla 
Williams obtained hexylene from the products of the distillation of Boghead coal. It 
boiled at 71® (Phil, Trans. 1847). Wurts seems to have obtained a variety of 
hexylene from fusel-oil 

Hexylene is formed by the reaction of the corresponding iodide with most 
reagents. It is best prepared by the action of the iodide upon alcoholic solution of 
caustic potash, at 100®. In preparing it, the precaution should be taken to distil 
the alcoholic solution of hexylene from the iodide of potassium produced daring the 
reaction, and to digest the distillate with fresh potash. The alcohol is subsequently 
removed by wiishing. 

/B Ilexylpne is a very mobile liquid, lighter than, and not miscible with, water. 
Boiling point 68® to 70®. Its odour is very unpleasant, just like that of amylene. 
Vapour-density, by experiment, 2-88 and 2 97 (theory requires 2*9022). It combines 
with hraminc with great violence, forming C*H**Br*. With concentrated sulphuric acid 
it gives parahexylene. With sulphuric acid diluted with about one-third its volume of 
water, it gives /3 hexyl-sulphuric acid, Hexylene seems to be a lighter liquid than 
a hexylene. J, A. W. 

BZPPAXil^l'nV'. C*H'NO. — A product of the oxidation of hippuric scid, dis- 
covered by Schwarz (Ann. Ch, Pharm. Ixxv. 201), further investigated by J. Maicr, 
{ibid, cxxvii. 101), who has shown that hipparin is forminl at the same time. To pre-* 
pare it, hippuric acid is stirred up to a paste with dilute sulphuric acid, then mixed 
with peroxide of lead, and left to etand at a gentle heat for 12 to 24 hours. The mass 
is then washed with cold water; the residue exhausted with alcohol; the alcoholic 
solution evaporated ; the residue washed with carbonate of soda to remove benzoic and 
imdocomposed hippuric acid ; and tho residue boiled with water, which leaves 
hi]»paraffin undissolved and deposits hipparin on cooling. (Maier.) 

Hipparaffin crystallises from hot alcohol in extremely soft slender needles, having 
a silky lustre and arranged in thick interlaced tufts. It has neither taste nor odour; 
dissolves sparingly in hot, and is quite insoluble in cold water ^ which does not even wet 
it ; tho solubility is not increased by addition of sulphuric aci^ hydrochloric acid, am- 
monia or potash. It disHolveB in atroD^ sulphuric acid, and is precipitated by water 
without much alteration (Schwarz). Dissolves easily in strong sulpnuric and nitric 
acid, and is not precipitated from either solution by water (Maier). It dissolves 
readily in boiling alcohol^ and very readily in ether. It melts at 200® (Sch wars), 
210^’ (Maier), solidifying in the crystalline form as it cools. At a higher temperature 
part of it distils without alteration, the residue turning black (Schwarz); a small 
quantity sublimes in slender needles even below 100®, (Maier.) 

Hipparaffin bums with a bright smoky flame, leaving a small quantify of easily com- 
bustible charcoal. It is not dBComp>osed by solution of iodine, or by hydrochloric acid 
find chlorate of ^iassium, or by aqueous bromic acid. It is but partially decomposed 
by fusion with hydrate of potassium; but on igniting it with potash^lime, benzene 10 
produced, and the whole of the nitro^n is given off in the form of ammonia (Schwarz). 
Heated to 200® — 220® in a stream of hydrochloric add gas, it ^ves off a colourless oil^ 
which solidifies in the crystalline form. Fuming nitric add dissolves it, with evolution 
of and the solution, concentrated after neutralisation with soda, yields a precipitate 
of benzoic acii Heat^ with peroxide of lead and dilute sulphuric acid, it gives off 
^ Its carbon in tho form of carbonic anhydride. (Schwarz.) 

C*H*NO*. (J. Maier, loc. Off.) — The preparation is given in the 
preceding article. Hipparin ciystallises in large silky needles united in barrel-shaped 
groupe. Melts at 46'7® j solidifies at about 20® ; bums with a bright flame ; dissolve* 
easily in alcohol, ether, and boiling water. 

AflUkaarou^sa. The 8ea Buckthorn. — This plant ofmtaitis n 
f matter which appears to be identical with quercitrin. , It is dbtauied' 
berries, after they have been well boiled in water and dried, with 
alcohol; mudng the hot filtered liquid with basic acetate of lead; decomposing 
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ruoe away eoloured, then with a more dilute wlution of the same salt ; tlie residue, 
chiefly consisting of chloriridiate of ammomu^ is drie^ heated to rommencing 
reSs (so as to decompose the ammonium-salts completely, the chlorides of the 
platinum metals imperfectly), then in a current of hydrogen to «omple e the i^uction ; 
ind the resulting metallic sponge, in which the metals arc not alloyed, but only 
mechanicaUy mixed, is treated with nitromunatic aci^ which completely removes any 
Xttoum tlit may still be present, but leaves behind a certain quantity of osmium 
Ihe remaining pulverulent metallic mass is then fused with a mixture of nitrate and 
hydrate of potassium ; and the unattocked portion of the metal, after being carefully 
frW from ^utheniate of potassium by washing with water, is hcatod to whiteness in 
a crucible lined with charcoal, in which it bakes together; then placed in a vessel of 
lime and ignited in an oxy-hydrogen flame containing excess of oxygen, till every 
trace of the odour of osmium has disappeared; and lastly, fused at the strongest 
which the oxv-hvdroecn flame is capable of producing. (I)cville and Debray, 
Inn Ch Phys [T] lv\ 385 ; Rip. Ch\m^ pure, 1859, p. 541 ; Jahresber. 1859, p. 241.) 

6.* An* intimate mixture of 100 pts. iridosmine or platinum-residues, 100 pts. 
nitrate of barium and 200 pts. caustic baryta, is heated in a red-hot earthen crucible ; 
and the fritted mass, after being pulverised, is thrown by small portions into cold 
water, then mixed with nitric acid, and heated till all the osmium is driven oflT as 
osmic acid. A small quantity of hydrochloric acid is then added ; the liquid is heated 
and filtered through gun-cotton ; and the iridium is separated from the othej metals 
contained in it, as in the preceding method. (Devi lie and Dcbray, Compt. rend. 


7 Platinum-residue, finely pulverised and freed by levigation from the coarser grainj 
of osmido of iridium, is gently ignited in a covered crucible, then mixed with 1 pt. 
finely granulated lead and IJ pt. litharge, and heated, with stimng in a thick- 
bottomed hessian crucible till the mixture becomes perfectly fluid. Dy this means all 
the silicates and earthy minerals present are converted into a slag; the metals more 
oxidablo than lead are oxidised ; and the specifically heavier platinum-metals 
collect in the lead-regulus. The latter, after being freed from slag, is dissolved at a 
gentle heat in nitric acid diluted with 1.^ vol. water, which dissolves principally 
copper and palladium, leaving a residue which, when washed by decantation, consists 
of a fine black metallic powder of iridium, rhodium, and ruthenium, together with fine 
grains and scales of iridosmine, which must be separated by le>ngation. Iho black 
^wder is immediately available for further treatment ; the iridosmine, on the other hand 
(together with the coarser grains obtained by levigating the crude platinum-residue;, is 
reduced to powder by fusing it in a charcoal crucible wkh twice its weight of granulated 
einc, and then raising the heat to whiteness to drive off* the zinc (p. 315). The finely 
divided iridosmine, is then heated in a stream of oxygen to expel the osmium, and the 
residue, together with the black powder of iridium, rhodium, and ruthenium above- 
mentioned, is mixed with an equal weight of chloride of sodium, and decomposed' by 
Wohler’s method with chlorine gas (p. 314). The dark brown solution thus obtained is 
mixed with a little hydrochloric acid and one-fourth of its bulk of ordinary nitric acid, and 
distilled to one-third, the osmic acid which passes over being condensed by ammonia ; 
the remaining liquid, which contains the double chlorides of indium, &c., is mixed, 
while still warm, with an equal volume of a saturated solution of sal-ammoniac ; and the 
red-brown precipitate, after standing for some days, is separated from the liquid, ami 
washed with sal-ammoniac solution till the liquid runs off colourless. The wash- 
water contains the whole of the rhodium-salt, the mother-liquor consista chiefly of 
chloride of iron and ammonium, with traces of iridium, rho^uip, and gold 1 he pre- 
cipitate, consisting of chloriridiate of ammonium contamin#^ with platinum and 
ruthenium-salt> is mixed, after drying, with pt. cyanide of mgssi urn, and melted for 
10 or 16 minutes in a capacious porcelain crucible ; the cooledjrmss is dissolved in the 
smallest possible quantity of water; and the yellow filtrate (after the whole of the tree 
cyanide of potassium has been decomposed by dilute hydrochloric acid) is precipitated 
by sulphate of copper. The resulting precipitate, consisting chiefly of platino- and 
iridio-cyanide of copper, is washed with boiling water, first by decan tatioi^ then on a 
filter, and finally decomposed with boiling baryta-water, whereby oxide of copper is 
separated, and the platinum and iridium are converted into platino- and iridio-cyamdes 
of barium, which are easy to separate, the platinum-salh which is much more soluble 
in hot than in cold water, separating out completely at first, and the white iridium-saJt 
crystallising afterwards. The mother-liquor of the iridium-salt contains a small quan 
tity of ruthenio-cyanide of potassium ; any rhodium-salt that may be present may bo 
precipitated by acetic acid. (C. A. Martius, Ann. Ch. Pharm. cxvii. 367 ; Jahresber. 
1860 p 202 ) 

8. The following process is given byDeville and Debray (Ann. Ch. Phy8.[3l 
IxL 6 j Jahr^b. 1861, p. 889) for obtaining iridium, pure or alloyed, from the substance 
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th0 vith stilpjlijdric acid ^lleatiQg the whole; fllteriog when cold; and treating 
the p^pitated eulphide of lead with hot alcohol: The colouring matter then dissolves, 
and remains on evaporation, as a brown-red brittle mass still retaining a little &t, from 
which it may be purified by treatment with ether, absolute alcohol, &c. ^ It is then 
obtained as a yellow mass conb^ining rudimentary ciy stale. The berries likewise con- 
tain oxalic and malic acids, a peculiar fht, &c., which are extracted by boiling them 
with water. (Bolley, Dingl. pol. J. cbcii. 143 ; Jahresber. 1861, p. 708.) 

C'H»0 ) 


H* 


N*. — This amide is produced by the 


prolonged action of ammonia on an alcoholic solution of hippurate of methyl, and 
remains when the solution is evaporated. It dissolves in 100 pts. water at ordinary 
temperatures, in 80 pts. wood-spirit, and 60 pts. alcohol ; sparingly soluble in ether. By 
alkalis at the boiling heat it is resolved into ammonia and hippurie jicid. (Jacquemin 
and Schlagdenhauffen, Compt. rend. xlv. 1011.) 

H 


BZrPVBZOAOXB. CH^NO*^ 


cnvo 

(C*n*0)' 




. (Gra. xii. C9; Gerh. iii. 242). — 


This acid exists in the urine of herbivorous animals, and in smaller quantity in that of 
man. Rouelle, towards the end of the last century, first observed that the urine of 
horses contained an acid bearing considerable resemblance to benzoic acid, and the 
observation was afterwards confirmed by Fourcroy and Vauquelin, wlio separated the 
acid by addition of hydrochloric acid ; but its real nature and separate i»ientity were 
first established by Liebig, in 1830 (Ann. Ch. Pharm. xii. 20). The urine of cows 
and horses does in fact contain, sometimes hippurie and sometimes benzoic acid, the 
former acid being easily converted into the latter by oxidation ; and this change often 
taking place within the animal organism. When horses are kept in the stable, or only 
lightly worked, their urine contains hippurie acid; but when they are put to hard 
work, it contains benzoic acid. 

Cows’ urine, accordiug to Boussiiigault, contains about 1*3 per cent, of hippurie acid ; 
in that of horses, the maximum amount is about 0'38 per cent. ; that of swine does not 
appear to contain hippurie acid ; that olf the camel and elephant yields a considerable 
quantity. 

From the experiments of Hennoberg, Stohmnnn, and Bantenberg (Ann. Ch, 
Pharm. exxiv. 181 ; Rep. Chim. pure 1863, p. 223 ; Jahresber. 1802, p. 641 ) it appears 
that the urine of oxen contains a maximum quantity of hippurie acid (21 to 2*7 per cent.) 
when the animals are fed on oat- and wheat-straw w'itli a small admixture of beans. 
The atntW and dried herb of leguminous plants rc'duced the amount to 0*4 per cent. 
With the hay of graminaceous plants intermediate r€‘sults were obtained. The addition 
of a certain quantity of beuna, starcli, sugar, or oil, diininisbcd the .proportion of 
hippurie acid, and iucretusod that of urea. 

In human urine, the proportion of hippurie acid is but small under normal condi- 
tions, and about equal to that of uric acid (Liebig; Bonce Jones); in certain 
diseases, as in diabetes, according to Le h m a n n, the amount is considerably greater ; a 
vegetable diet likewise increases it. Id the urine of a healthy man living on a mixed 
diet, Bence Jones (Chem. Soc. J. xv. 81) found, by Liebigs method of estimation 
(t>. 168), from 0*03 to 0*04 per cent, hippurie acid; Th udich u m (/or. r/V. xvii. 65) found 

tne same quantity iiuder similar circumstances ; but the amount was largely increased 
by eating greengages. Weismann (J. pr. Chem.Ixxiv. 106; Jahresber. 1858, p. 672) 
and Wreden (J. pr. Chem. Ixxvii. 146; Jahresber. 1869, p. 700) found Jnuch larger 
quantities ; but the former appears to have operated on too small a qmpQtity of urine* 
l^nd the latter adopted a defective method of analysis (p. 169). 

Formation. — 1. By heating glycocine in a sealed tube with benzoic (fb: 


C»H»NO> + - C»H»NO» -i- H*0; 


also by heating the zinc-salt of glycocine with chloride of benzoyl to 120° in a sealed 
tube, or by simply leaving the two compounds in contact for some time : 

C«H»ZnN»0* + 2C’H»OCl « 2C»H»NO> -h ZnCl*. 

This formation of hippurie from benzoic acid likewise takes place when the latter acid 
ia iiyected into the blood of a living animal, together with glycocine or glycocholate of 
sodium, or bile. When about 2 grms, of benzoic acid, and 30 c.c. of bile free from 
mucus were^l^J^ted into the blood of a dog or cat, the urine was found to contain a 
tonsiderable quantity of hippurie, but no benzoic acid ; with a larger proportion of 

* Od the rational formula of hlpputlc acid, see FoaucLia (’ll. 697). 
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Juwwi*’ w fte Russian mint » « iridtam-oxids »-a not quite nnifom mixture ow. 
I^ng indium as oxide, and haTing the Mowing average compomtion: 

Volatile substances (and oxygen) . . . oo.n 
Soluble salts (NaCl and CsSO*) . . . ] 12 0 
Platinum . • , . * ’ u.a 


Rhodium 
Palladium . 
Copper 
Iron 

Iridium (and loss) 


The substance is ignited in a crucible lined with charcoal ; and the residue is washed 
with water, heated with strong sulphuric acid to the boiling point of that liouid and 
again washed with wato, whereby all the soluble salts are removed, together with the 
copper ed mm. If the amount of platinum is known, and the object S to prepare an 
aUoy, the washed metal is heated to whiteness (to give it a compart texture^, aid then 
fused before the oxy-hydrogen blowpipe. To obtain pure iridium, the crude metallio 
powder, after treatment with sulphuric acid, is digested with nitromuriaUc acid the 
greater part of the indium (with traces of rhodium) then remaining behind. 

Meta/lK indium is obtained from the chloride by reducing that salt with hydrogen 
at a red heat, or by exposing it alone to a very high temperature, or more easily by 
Igniting the chlonridiate of ammonium (p. 314), in the form of a grey metaUic powder 
much resembling spongy platinum. It Is the most rofractoiy of all bodies excepting 
nitheniura and osmium ; not being fusible in the flame of the ordinaiy oxy-hydrogen 
blowpine Children, however, by the discharge of a voiy laige yoltaie batter," 
eureeeded in “citing it into a globule which was white and very brilliant, but still a 
httle^rous, and had a density ot 18-C8; and Deville and Debr^, by meins of their 
powerful oxy hy^gen bliut furnace, have fused it completely inti a fitire white mass, 
resembling polished steel, brittle in the cold, somewhat malleable at a red heat and 
having a density Mual to that of platinum, viz. 211,5. «y moistening the pulverjilent 
metal with a smaU quantity of water, pressing it tightly, first Ix-tween filtering paper, 
then vc^ forcibly m a press, and calcining it at a white heat in a forge-fire, it may bi 
ob ained m the form of a compact, very hard mass, capable of taking a good polish but 
still very porous, and of a density not exceeding 16 t>. After strong ignitiSn it ii in- 

^ W^v '’y bydrogeii at low temperatures, it oxidises 

slowly at a red heat, and dissolyre m iiitromuriatic acid. It is usually rendered 
soluble by fusing it with nitre and Mustie potash, or by mixing it with common salt 
or letter with a mixture of the chlorides of potassium and sodium, and igniting it in a 
sX^m ““'■ort*'*! ■■‘•o the soluble chioriridiute of potassium or 

***®*^™*» AiliOTB OP. 1 pt of iridium combines at a white heat with 
4 pts. of copper, forming a ductile, pale red alloy, which is much harder than copper. 
povvXr^*^ c^>pper to nitric acid, the iridium remaining in the form of a black 

,v.n iridium forms a malleable alloy, having a colour very much like that of 
gold: nitromunatic acid dissolves out the gold and leaves flic iridium. 

and 8 pts. lead heafod together to an intense red heat, form an 
n and behaves with 

powde^^^ copper alloy. On cupellation, the iridium is left as a soft black 

With mercury, iridium forms a viscid amalgam, which is obtained by immersimr 
^lum-amalgam m an aqueous solution of ehloriridiate of sodium. When very stroimlv 
•gnited. It leaves a black powder, from which boiling nitric acid extracts a small 

^ciT^ in boibng nitromunatic 

'"Ottger, J. pr. Chem. xii. 252.) 

The com^uhd of iridium and o s m i u m is not, properly speaking, an alloy, inasmuch 
as osmium is rather a metalloid than a metal. (See IiimosMiNB.) 

contifn oa""® easily molt together, and form aUoys which, even when they 

^tain 20 i^r cent, of indium, are still malleable and capable of being worked but 
Reb^y) ^ attacked by chemical reagents than pure platinum. (Deville and 

® capable of welding to a cerUin 

11 ^ 1 ^ platinum with a few parts per cent, of iridium is ductile and much 

than pure^latinum, and more capable ofresisting the action of fire and of chemical 
"=ag«nts (Rerzelius). An alloy made by fusing 1 pt. iridium and 10 platinum in the 
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bensoie acid, the excess passed into the urine together vdth the hippim add. Bcpieto 
add injected into the circulation alone, is not converted into hippurio add. <K€hne 
and Hallwach^ Jahresber. 1859, p. 638.) 

2. Bensoic acid is likewise converted into hippurio add in the animal organism 
when introduced into the alimentary canal, hippiiric add being found in the urine after 
benzoic acid has been swallowed. MarchandQ after talting 30 grains of benzoic acid, 
found 39*2 grs. of hippuric acid in his urine (by calculation, it should have been 
44 grs.). Similar oKservations have been made by Al. Ure (J. Pharm. xxvii. 646) 
Keller (Ann. Ch. Pharm. xliii. 198), and Garrod (Phil. [3] xx. 601). 

3. Quinic acid is dso converted in the animal oi^anism into liippuric acid (probably 

first into benzoic acid). When 8 grms. of quinato of calcium were s\^'allowed over 
night, the morning urine was found to contain 2 grms. of hippuric acid. (Lauteman n 
Ann. Ch. Pharm. cxxr. 9.) ' 

Preparation from Jwrscs' or cowf urine , — Hippuric acid exists in the urine in com- 
bination with ammonia. To obtain it, the fresh urine of rows or of horses which have 
been kept at rest^ is concentrated by evaporation to A or i of its bulk and supersaturated 
M'ith hydrochloric acid ; it then, after a while, deposits a yellowish-brown precipitate 
of hippuric acid. 

The evaporation of the urine, which is tedious, may bo obviated by mixing it with 
a considerable excess of hydroidiloric acid, tho solubility of the hippuric acid being 
thereby greatly diminished. 100 pte. of cow’.s* urine nnxed with 2 or 3 pts. of crude 
hydrochloric acid soon deposits hippuric acid (Rile}^ Chem. Soc. Qu. J. r. 97). 
Another mode of expediting the process is to mix tho fn*sh urin(} with milk of lime* 
boil for a few minutes and strain ; then evaj>omto the solution of hippurate of calcium' 
to I or of its bulk, according to the previous concentration*; and supersaturate with 
hydrochloric acid. (Gregory, Ann. Ch, riiiirm. Iviii. 125.) 

The acid obtained as above has a bnjwnish colour and di.sagreoablo urinous odour 
and reouircs further purification. TIii.s maybe eff‘cte<l in several ways: 1. Schwar* 
(Ann, Ch. Pharm. liv. 29) boils the crude acid with milk of lime, wliich removes the 
greater part of the fibrin with which it is contaminated ; ]»recipitate.s the filtnite with 
carbonate of sodium, then boils and filters again, nnd mixes the filtrate witli solution 
of chloride of calcium, the carbonate of calcium thorel^y precipitated carrying dowii 
tlie colouring matter; then filters a third time, and precipitates with bydrochlorio 

aeid. The hippuric acid thus purific^d i.s quite colourh ss.- 2. Tho cnide acid, mixed 

with 10 pts. of boiling water and excess of milk of lime, is submitted to pressure; 
the expressed liauid is mixed w*ith solution of alum till it no longer exhibits an alka- 
line reaction, and left to cool to 40^; carlxmat© of sodium is then added as long as a 
jrtvipitato continues to form ; and tlie liquid is again separated by strainingtMMprss* 
sure, and precipibited by li 3 'drochIone acid: the hippuric at’id thus obtainea ii irashed 
with cold water, pressed and dissolved in boiling water, and the solution is misted with 
M<H^l.charcoaI (1 oz. to a lb. of tho acid), filtered through paper while still at the 
Ixjiling heat, and left to crystallise (Hensch, Ann. Ch. Pharm. Iviii. 267).— 3. Lowe 
prepares hippuric acid by mixing fresh horse-nrino with excess of mdphaf© of zinc ; 
eva^rating the liquid together with tho precipitate to g or i of its bulk ; filtering quickly ; 
washing the precipitate with a small quantity of hot water; nnd decomposing tho hip- 
purate of zinc in the filtrate with dilute sulphuric or hydrochloric acid. Hippuric acid 

n separates in the form of n white magma, which may bo washed with cold water, 
pp'ssed between paper, and fecrystalliscd from boiling water, Tho addition of sul- 
phate of zinc to the urine preserves it from putrefaction, and enables tlie experimenter 
to wait till a considerable quantity is collected. 

Properties , — Hippuric acid forms colourless trau^nrent prisms, having an unctuous 
aclamantine lustre, and often of considerahlo size. The crystals belong to the trimestric 


11 1 ^ m the macrodiagonal principal section =» 88° 30'. Cleavage tolerably 

Specific gravity » 1-308. Hippuric acid melts at a gentle heat, and 
names in a crystaHine mass on cooling. It has a slightly bitter taste, and reddens 
sparingly soluble in cold water, 1 pt. of the crystals requirinir 
. at 0°.^ Boiling water and alcohol dissolve it readily; ether scarcely 

dissolves, but very sparingly, in water containing hydrth> 
vhai* ^ssolves with the greatest facility in water containing ordinary 

-lu 1 • in such quantity indeed as to change the reaction of solution iWwi 

T . to acid— a property whidh is also Dossessea bv uric amd. 


property whidh is also possessea by uric acid. 

** cause of the acid reaction exhibited by the urine of niiiii sad i 
the recent state. r 

positions, — 1. Hippuric add boils at 240^, yielding a ciyslallms 
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IRIDIUM : CARBID®-— CHLORIDES. 





. ftime of the oxyhydrogen blowpipe, is very 
not tarnish, and when laid on copper serres for metallic mirrors. (G ana in, 

A"'.^e“ioy-of iridinm sod platinum called 
in cubo-octahedrona of specific gra^nty varying from 21 86 to 22 66 and 22 8,^ m 

Brazil in white round grains of specific gravity 16*94. (S van berg, Gmdtn « Handk, 

U 1 ^ 19^64 76'86 0^89 V78 - 9916 _ 

B^il 66-44 S7-79 6-86 0-49 6ace 4-14 3-30 - 98 02 ’ 


1 pt. of iridium uhites but imperfectly with 2 pts. of silver. (Vauquelin.) _ 

1 Dt of iridium unites with 4 pts. of tin at an intense red heat, forming a duU white 


i Pl. 01 iriQlUIU UUltro wiLu ^ 1 • \ 

^easilycrystallisable, hard, malleable alloy. (Vauquelin.) 

Wien iridosmine is fused with from 6 to 6 times its weight of tin, the allw being 
hept for a long time at a red heat in the charcoal crucible, then lilowly ccmled and 
treated with hydrochloric acid, tin passes into solution, together with traces of indium, 
and there remains a mixture (separable by a fine sieve) of finely pulverulent crystalline 
osmium, and large shining cubic crystals of an alloy of tin and indium, which is not 


osmium, and large snming cuoic crysiais oi an uttuy „.,v 

attacked by nitromuriatic acid, but when strongly i^ited in an atmosphere of sulplw- 
dric acid, irives oflF the whole of the tin, amounting to 66*6 per cent, as sulphide, 
. . 4. "n., fin with a tdrrs Gontammfir tuatmum. 


dric acid, gives oflF the whole of the tin, amounting to 66*6 per cent, as sulphide, 
leaving 43*4 per cent iridium.— By fusing tin with a mass containing platmupi, 
iridium, and rhodium, and dissolving the excess of tin in hydrochloric acid, a 
crystalline residue is obtained, whose composition (if Pt denotes the platinum metals 
in general) is PtSn*. (Deville and Debray.) , ^ j. j j* 

An alloy of iridium and zinc, obtained as in Deville and Debray s first method of 
preparing an alloy of iridium and tin, is not cry stall isable. 

ZMBZITM, OAKBZBS OP. When a coherent mass of iridium is held in the 
flame of a spirit-lamp, black masses appear on its surface, which are a carbide 
containing 19*83 per cent carbon, or IrC*. The carbon burns off readily in the air. 

ZBZBZVMC, OBBOBZBBS OP. Iridium appears to form four compounds with 
chlorine ; but only two of them have been obtained in definite form. 

The dtcAioride, IrCP, is said by Berzelius to be formed when pulverised 
iridium is heated to low redness in chlorine gas. It is described as a dark olive-green 
powd^'insoluble in water, slightly soluble in hydrochloric acid, and forming double 
salts with the chlorides of the alkali-metals. According to Clau s, however (Ann. Ch. 
Pharm. lix. 266), the so-called dichlorido of iridium is merely a mixture of the 
trichloride with metallic iridium. The dichloride appears, however, to exist in 

certain double salts (p. 322). . . , . v j • 

The trichloride, IriCP, is prepared by dissolving the sesqiiioxide m hydrochloric 
acid, and evaporating; it also sublimes when iridium, either alone or mixed with 
nitre, is ignited in chlorine gas. It is black, deliquescent, and does not crystallise. 
It unites with the chlorides of the alkali-metals, forming double salts, called chloro- 
iridites, which are prepared, either by mixing the solutions of the compoimnt 
chlorides in the required proportions, and evaporating, or by reducing the solutions 
of the corresponding chloriridiates with sulphurous acid, sulphydric acid, alcohol, 
or ferrocyanide of potassium. Claus has obtained the compounds 6NH«Cl.Ir*Cl*. 
6H*0, 6KCl.Ir«Cl*.6H»0, and 6NaCl.Ir»Cl«.24H*0. They are olive^CTeen, pulveru- 
lent salts, soluble in water ; the sodium-salt is also soluble in alcohol ; the other 
two are insoluble in alcohol. Berzelius obtained a potassijim-salt containing 

Chloriridite of silver, Ag«Ir*Cl‘* = 6AgCl.Ir*Cl*, is produc^on adding nitrate of 
silver to aqueous chloriridiate of potassium, as a deep in|||o-coloured fiocculent 
precipitate, which, however, becomes paler in a few seconds, aj3 finally loses its colour 
altogether. The reaction, which is attended with evolution of oxygen, is : 

6AgNO* + 2K*IrCl« + 11*0 = Ag*Ir*Cl»* + 4KNO* + 2HNO* + 0. 


With a boiling solution of chloriridiate of potassium, the same compound is formed 
immediately, without the intermediate production of a blue substance. The silver- 
salt is insoluble in water and in acids, and but slightly soluble in ammonia. When 
it is covered with strong aqueous ammonia and left to itself for a few days, one TOrtion 
dissolves, and the remainder is converted into a crystalline modification of me salt 
composed of rhombohedrons having an adamantine lustre. (Claus, Ann. Ch. Pharm. 
lx*»* 338.) . 4, , . .A. 


Ixiii. 338.) , . 4 , , j . .j. 

The tetrachloride, IrCl*, is obtained by dissolving very finely divided indium, 
or one of its oxides, or the trichloride, in nitromuriatic acid, and heating the 
iLxni/i f/x ftxA Vwxiiincr rirtiiii On AVATtoratinir the solution, it remains in the form 


or one of its oxiaes, or me incnionae, in niiromuriatuj acm, a^ 

liquid to the boiling point. On evaporating the solution, it remains in the fo^ 

«f a black, deliquescent, amorphous mass, translucent with dark red colour at the 




las affiP^Kic 

.un.. Ja BNtt part of bonzoie add and benzonitrile pb«vJ) ; • •*«»* 

odoi» of hydrocyame add ia likewise cvolyed, and a considerable quantity c^rcosi 
remains in the retort Dry hippuric acid, heated in a retort with dry chlonde of zine 
quartZ'Sand, yields bensonitrile^ carlwnic anhydride, and charcoal (G-ossmann, 
Ann, Ch, Pharm; c. 69); 

2C*H»NO« — 4IFO 2C’H*N + CO* + C*. 

2. Hippuric acid in alkaline solution is slowly oxidised by ojfone, with formation of 
carbonm add and a small quantity of formic acid (Gorup-Besanea, Ann. Ch. Pharm. 

217).— 3, Pure hippuric acid is not altered ly boiling with water ; but when 
horse^urine is quickly eTaporated, ammonia is given oflj and the hippuric add contained 
in it is converted into benzoic add. Cows’ urine does not yield benzoic acid when 

\,oiJed. 4. Hippuric acid dissolves in strong hydrochloric acid at the boiling heat, and 

on continuing the ebullition, it is resolved into benzoic acid and glycocine : 

C»H»NO» + H*0 = C*H*NO* + C’lPO*. 

Hippuric acid. Glycocine. Benzoic acid. 

The* same decomposition is effected by boiling dilute stdpkuric acid, by nitric, and even 
by oxalic acid.— 6. Hippuric acid, boiled for half-an-hour with caustic potash or soda, 
is converted into glycocine and an alkaline benzoate. It is not decomposed by boiling 
with milk of lime. — 6. The resolution of hippuric acid into benzoic acid and glycocine 
ia likewise effected by the action of a ferment in presence of an alkali (Buchner, Ann. 
Ch. Pharm. Ixxviii. 203). — 7, By the action of nascent hydrogen, it appears to be 
resolved into hydride of benzoyl and glycocine (Erlenmeyer, Zeitschr. Ch. Pharm. 
1861, p. 648). — 8. Nitrous acid converts hippuric acid into benzoglycollic acid, with 
•volution of nitrogen gas : 

2C"n»NO* + N*0* = 2C®H*0* + H*0 + 

This decomposition takes place when nitric oxide is passed into a solution of hippuric 
acid in nitric acid.— 9. A cold mixture of strong sulphuric acid and fuming nitric acid 
converts hippuric acid into nitrohippuric acid. With sulphuric anhydride, it unites 
directly, forming sulphohippuric acid, C*H*NSO*. — 10. An aqueous solution of hip- 
puric acid is not decomposed by chlorine gas ; but on boiling it with a l^e excess 
of bleaching powder, decomposition takes place (Liebig). When chlorine is passed 
into a solution of hippuric acid in rather dilute potash, nitrogen is evolved, and 
benzoglycoUio acid ia produced (Gossmann): 

0*H*N0* + 3KHO + Cl* - C»H*0* + 2H*0 -i- 3KCI + N. 


11. mixing it with hydrochloric add, and adding chlorate of potassium by small 
ppvtiofie. it is converted into al||nixtare of monochlorohippuric acid, C*H®C1N0*, and 
dksblorohippuric acid, C*H^Cl*NO* (R, Otto, Ann. Ch. Pharm. exxii. 129). — 12. When 
hippuric acid is gently heated with 1 at, pcntachloride of phosphorus, oxychloride ot 
phosphorus and hydrochloric acid are given off, and a brown residue is left-, soluble iu 
alcohol and in ammonia, and precipitated therefrom in the resinous state by hydro- 
chloric acid ; but on distilling 1 at. hippuric acid with 2 at. pentachlorido of phos- 
phorus, the products obtained are oxychloride of phosphorus, chloride of benzoyl, 
and two chlorinated compounds, C®H*C1N0*, and C*H^Cl*NO*, differing from mono- 
and dichlorohippuric aci^ respectively by 1 at. H*0 (Schwanert, see p. 161). — 
13. When hippuric acid is boiled with peroxide of manganese and very dilute sulphuric 
acid, a lai^ quantity of carbonic anhydride is evolved, benzoic acid separates on 
cooling, and the liquid is found to contain sulphate of ammonium. — 14. Hippuric acid, 
boiled with peroxide of lead and water, yields benzamide, water, and carbonic anhy- 
dride (Fehling): . ♦ 


C*H*NO* + 30 = C’H’NO + H*0 + 2CC 

When hippuric acid is heated with peroxide of lead and excess < 


Itric or sulphuric 


|:!aoid, the products formed are carbonic anhydride and hipparaffin iSSd 4) ; but wnen it 
ia boiled with water and peroxide of lead, and sulphuric acid ad^d in quantity only 
lUlflcieiit to decompose the resulting hippurate of lead, the only product obtained is 
^ttgeamide f Schwartz). — 16. Hippuric acid, gently heated with excess of caustic 
yields a liquid which smells of benzene (no ammonia is evolved), is converted 
mto dystaliine scales by contact with hydrochloric acid, and, when drilled, yields 
^ Iwzeffle (Gerhard t). This liquid is perhaps benzonitrile. 

' of Hippw acid in urine.— 1. The urine is evaporated to a syrupy con- 

^ter-bath ; hydrochloric acid is added; and the hippuric acid is 
Wg the precipitate four or five times with ether (Liebig, Ann. Ch, 
According to Bence Jones (Ch^. Soc. J. xv. 81), this method gives 
^ orided sufficient urine is taken (aboat 400 c. c.), and a sufficient, quart' 
Thndichum (Chem. Soc, J, xvii. 66) evaporates the arine to 




and estimati^ *tg 

•Ogefc Jt ai^us a rather 8troo|: heat without deoompoeition, but at a hiirher 
to the tTfchloride and ultimate^ to meUUio «d!om 
1 ^‘r water forming a reddieh-yellow eoSn It <rf“tS 

with the aibhne chlondee. formmg deHnite crvetalline aouble ealte ^ed cK 
iridiateE, the general formula of which is MarCl« = 2MCl TrOH - cnior- 

1 ja«,1iNH-Cl.Ira;.H.O or mrlrCl-.WO, ie o\ubed “on m'Sng ^he* SZZ 

the component ch ondee. ae a very dark brown precipitate, which disaolvee in wLn 
water and cryetallmee m octahe^ns on cooling. It diaaolve. in 20 pta. of 3 
TTOter, formmg a dark red brown liquid, and impart* distinct coloration to 4,000 pts 
of water. The red colour often exhibited by chloroplatinate of ammonium is dufto 
smaU quantities of this wit The aqueous solution supersaturated with ammonia 
foriM a pale yellow mixture, which becomes perfectly Jolourless when expo^ o 
Sr. “‘I eeeumes a beauti^luo 

The chlonridia^ are easily conrerted, by the action of sulphurous acid, sulphvdric 
reducing agenU, into the more soluble chloriridites, a reaction which 
affords the mca^ of separating indium from platinum, the chlor^iplatinate^ 
Sle^8alMp,^57.“^ circumstances, and not conrerted into mow 

The pirCl* = 2KCl.IrCi*, is precipitated on mixing the aqueous solu- 

tions of Its TOmMnent salts. It may also be prepared by passing chloric gas orer a 
genUy ignited and intimate mixture of finely divided iridium and cWoride of Klum" ' 

' *^>>6 unfused black-brown mass in hot 

^ter, mi»ng It with nitromuriatic acid and evaporating to dryness; extracting the 
wcoss of chloride of pitassium by small quantities of cold water ; dissolving the r^iduo 
“ 7"r * quantity of nitromuriatic acid ; and evaporating to the 

cnstellising point. It crystallises in black octahedrons, yielding a r^powder It 
dissolves very slowly in cold water, but quickly in boiling water, forming a Luid which 

ti™?™ ^t is insoluble in saline solu- 

m™^ ^th’eve^7’7,^‘i ^ prwipitates it from solution in water. The aqueous solution, 
Mce^ ^ behaves in the same manner as the ammonium-salt with 

auTat a^^niT / “ f®”* '* converted into chloriridite of potassium, 

and at a still higher tem^rature, leaves metallic iridium mixed with chloride of oo- 

Mtasrum 17 Na“IrCl«.6HiO or 2NaCl.IrCl'.6H’0. is obtained, film the 

^ a,Kl am n 7 '’’‘”7"® over a gently ignited mixture of iridium and ^'rido 
of sodium. It forms black tables and four-sided prisms with dihedral summfts iso- 

eih^7'thrf^^ heated, they leave the anhydrous 

s .it <77x^ri:th^ ®'«ily "oluble in water, and the 

A ^.v! aal-ammoniac yields a ptwipitete of chloriridiate of ammonium. 

D<.t issbfm l 7^* ^ indium was obtein^ by Boraolius, in combination with chloride of 
‘ S and Jrt^tfna ?f mt™. distilling the product with nitromuriatic 

w H hen '™‘‘^*P8j''e resipo with successive portions of water. A dark red solution 
aocurdfoo teP? ■“ ‘*’® composition 6KCl.IrCl*, but 

iirei3/t7R i - ^®r“’' -“,‘’ '‘P‘"®^"'®®’'®“”y®''uthenium-compound, having been 

Lr^I^d dT.7i^ indiwmine rontoining ruthenium. Pure iridium fused with 

and distilled withpitromunaticacid, yields a saltcontainingdichlorido of iridium. 

is M»n«ATXOW. Iridium in it* free state 

in “lubil.^v te® ®‘her metals, excepting rhodium and ruthenium, by it* 

and in the^stete“^j7’ ”7 ®“fched in the compact state by any acid whatever, 
even in 7h ^ ' "”® ‘^'cis'O'i. only very slowly by nitromuriatic acid. Its infusibility, 
metals ex7ntte7T °*yhy<lc^c“ blowpipe flame, serves also to distinguish it from all 

acid with 

not dissoIvTin indiuni “ then converted into sesquioxide, but does 

of dietinmth;J^" sulphate or colour it red, as rhodium does. Another method 

intimateirwitr^hforidr from ruthenium, is to mix it 

chlorine .n7!i- potMsium or sodium, heat the mixture in a stream of 

yiehls a’hwv^l ’'® ‘^® double chloride in water: iridium thus treated 

solution B solution, rhodium a rose-red, and ruthenium an orange-yellow 

luj on. (See Khodipm and RoTKBinuM.) 

•phcr^?KS"'^*°^'^?'*”'^™ ^ilyreducM tothemetallic state by ignition inanatmo- 
Iridie mnU reduced may then bo ttst^ in the manner just describ^ 

qiioDt oeenn.!^* (containing the dioxide or tetrachloride), which are those of most fre- 
•«*quiSf?,I^?l!|,S® ^ brown-red colour; iridou* solutions (containing the 

^tion techlond^ have an olive-green colonr. The characters of an iridic 
W chlorindiato of sodinm, as all the other compound* *r« 



a stiff sjnip, poan it into a bottle while yet wirm, telrieg np the lett lesiduea 
the necessary amount of hydrochloric acid; and shakee up the udiole briakly witl 
lam quantities of dry ether. The ethereal solution is then ^stilled, the leddisl 
yellow residue mixed with a little water, and allowed to crystallise ; and the crystal! 
of hippuric acid thus obtained are washed with water till the washings are colourless 
then dried by pressure between blotting paj^r, afterwards by placing them over sxd 
pburic acid, and finally at lOO'^ in a watar>07CQ. (See also Weismann, J. pr. Cbem 
iTT iv. 106; Jahresber. 1867, p. 637.) 

2. Wreden (J. pr. Chem. Ixxvii. 446; Jahresber. 1869, p. 700) estimates hippurie 
acid in urine by means of a standard solution of ferric chloride. The liquid is first 
neutralised and freed from phosphoric acid by means of baryta-water, and the iron 
solution is added till it no longer forms a precipitate, and a drop of tlie filtered solution 
produces a blue colour on a piece of filtering paper moistened with ferrocyanide o1 
poUissium. The amount of hippuric acid found in human urine by this method ol 
estimation (average 0 38 per cent.) is much higher than that determined by Liebig’s 
method (p. 156); and, according to Henneberg, Stohmann, and Rautenberg 
(Ann. Ch. Pharm. exxiv. 181), the results are vitiated by the fact that a perfectly 
neutral solution of ferric chloride is decomposed by paper-fibre to such an extent, that 
paper soaked in a solution of 3'ellow prussiate will not indicate the presence of a small 
quantity of iron ; also, because the tormination of the reaction cannot be distinctly 
perceived. Better results are obtained with ferric nitrate, after the urine has been 
frotnl from colouring matter and other bodies by nitrate of lead ; but even in this case 
the process is sometimes rendered uncertain by the presence of other substances which 
exert a reducing action on tlio ferric oxide. Altogether, the mode of estimation by 
means of hydrochloric acid and ether appears to give the best results. 

Hippnrateu. Hippuric acid is monobasic, the general formula of its salts 
being C’H^MNO’. Most metallic oxides dissolve readily in the acid. The liippuratcs 
of potassium, sodium, ammonium and magnesium are very soluble and difficult to crys- 
tallise ; their solutions form a cream-coloured precipitate with ferric salts, and white 
curdy precipitates with nitrate of silver and mercuroas nitrate. A characteristic rwic- 
tirr of the hippurates is, that when fused with excess of potash or lime, they give off 
ammonia and yield benzene by distillation. Mineral acids decompose them, separating 
the hippuric acid. 


// ipp urate of Ammoniu fw,— The neutral tali does not appear to exist. An acid 
salt, C’'H''(NH*)NO\C*H*NOMPO, is produced even when hippuric acid is mixed with 
excess of ammonia. Itclystalliscs by concentration in sqqAre-Dased prisms with 4Hridod 
summits. It dissolves in small quantities of water alcohol, sparingly in ether, and 
fn^rforms gyratory movements when thrown on the Mfkce of water. 

Ilippurate of Barium, C‘"H’*Ba"N*0* + H*0, forms prisms with ri^iQ^s^Itur 
base ; sulnble in water. It unites with benzoate of barium, forming a salt oontaintng 
C-IB-Ba "N0«.C'*U'®Ba''0« -f 

Ilijypurate of Calcium, C'*H‘*Ca"N*0* + 3H*0, Mystallisos sometimesin rectangular 
prisms, sometimes in laminae. Specific gravity 1*318. It is soluble in 18 pts. of cold 
and 6 pts. of hot water. 

Ilippurate of Cohalt, C**ir"Co"N*0*.6H*0, forms rose-coloured needles or nodules, 
which give off their water at lOO*^. 

Ilippurate of Copper, C‘"lI**Cu"N*0*-h 311*0, obtained oy concentrating a mixture 
of sulphate of copjair and hippurate of potassium, forms oblique rhomboidal prisms 
of an azure-blue colour, which turn green and give off their water of crystollisation 
when heated on the water-bath. 


Ilippurate of Iron (ferricum) is precipitated on mixing the concentrated solutions 
of hippurate of potassium and feme chloride. 

Ilippurate of Lead, C>"H>*Pb'^*0« + 2H*0 and 3H*0. is obtained by precipitating a 
cold solution of neutral acetate of lea^l with hippurate of potassium, ns a curdy preci*^ 
pitate which dissolves but slowly in boiling water. If the boiling solution is wotl™ 
diluted, the salt is deposited in silky needles (containing 1 at. water) grouped in tuffs ; 
hut these crystals, even when immersed in the solution, are quickly converted 
rather broad, shining laminae (3H*0) having the form of quadrangular tables. 
whole of the water is given off at 100®. ' 

Hippurate of Magnesium, C"'H**Mg"N*0* + 5H*0, forms white nodules, which 4i|i|ii 
»<>luble in water and give off 2H*0 at 100®. 

Hippurate of picket, C'*H»»Ni"NW + 6H*0, is crystal! i sable, 
sparingly soluble in cold water, more soluble in boiling water ai^ ~ 
it l^imes anhydrous at 100®. ' 

• t?^**^**^^ — The neutral salt, C^*KNO*.H*0, forms . 

>tn rhomboidal base, soluble in water and in alcohol, and 


*1' !;i 

ppa 

i! 


820 iridium— DETECTIOST AND ESTIMAflSi^ 

C«i«tic poUuh in excess decolorises the solution of kn iridic salt, changing the 
red colour to a very faint greenish Unt, and after some time throTO down a sl^t 
bl»ck-brown precipSate of chloriridiate of potassium. If the clear soluhon^ 
and then left in contact with the ai-, it first acquires a faint red and then a >lue 
colour, gradually increasing in intensity from the surfwe downwa^, and ultiinately 
Scorning as deep as that of an ammoniacal solution of copper. Ihe solution CTapo- 
rated to dryncssfleaves a white mass, which, when treated wi^ water, ^elds a colour- 
less solution and an insoluble blue powder consisting, according to Claus, of indic 
hydrate. This is the most characteristic of all the reactions of indium. The presence 
J palladium interferes, however, with the production of the blue colour and gives rise 
to the precipitation of iridic oxide. A solution of iridiutn containing platinum k like- 
wise not coloured blue by potash, but is decolorised, and J'clds a red precipitate of 
chloroplatinate of potassiim containing iridium ; on heating the liqu.d, this pi^ip.tate 
redissolves, and another precipitate is form^ consisting of platiniferoiis indic oxides. 
If the solution contains rLiiiMOT, no alteration takes place at flret ; but subgeouently, 
a light yellow precipitate of rhodic hydrate is produced ; or if the solution is hot, the 
preSpitate is of a dirty greyish -green colour, and the solution becomes co ourless 
Ammonia in excess also decolorises iridic solutions, and forms a slight blackish pre- 
' cipitate. On boiling the solution for some time, till the greater part of the ammonia 
is expelled, the solution acquires a blue colour, especially if left exposed to the air; 
but the colour is neither so pure nor so deep as that produced by potash. Ihe pre- 
sence of palladium, platinum, or rhodium modifies the reaction with ammonia much in 
the same manner as with potash. Carbonate of fotamum forms a red-brown preci- 
pitate, which gradually dissolves, the liquid afterwa^s turning blue when exposed to 
the air. Carbonate of ammonmm imparts a blue colour to the liquid under the in- 
fluence of the air. Sulphydric acid decolorises the solution at first, and afterwards 
forms a brown precipitate. CUoride of ammonium forms a dark cherry-red, pnlvcra- 
lent precipitate of ehloriridiato of ammonium. Fcrrocyanide of potassium and proto- 
sulpMts of iron decolorise the solution. Dkldoride of tin forms a light brown 
precipitate. Zinc precipitates metallic iridium ns a black powder. 

Quantitative estimation and separation. — Indium is completely prMipi- 
tated from the solution of an iridic salt by treating the solution with chlonde of am- 
monium orchloride of pota«.siura, and then adding alcohol containing ether, in which the 
chloriridiate of ammonium or potassium is quite insoluble. The precipitate b® 
collected on a weighed filter, washed with alcohol and ether, dned in the water-bath, 
and then weighed. The ammonium-procipilate contains 44 21 percent,, the potassium- 
precipitate 40 38 percent, iridium. Tlio ammonium-precipitate may also, after washing 
with ether-alcohol (not on a weighed filter), and drying, be carefully Ignited in a fared 
platinum crucible, and the weight of the remaining iridium directly determined. 

If the iridium exists in solution as sesquicliloride, it must, before precipitation, be 
converted into diclilorido bypassing chlorine gas into it, or licaliiig it with mlro- 

""rho m«ro**of precipitation just described serves for the separation of indium from 
all metals excepting platinum, rhodium, ruthenium, and osmium ; and from nil these 
except rhodium, it may bo separated by reducing it to the state of scs.iutchlorido, and 
theii adding to the liquid an excess of a concentrated ssliition qf sal-ammoniac. Chlori 
ridite of ammonium, 6NH<Cl.IriCl*, is then formed, which is soUiblo in sal-ammoniac 
whereas the double compounds of chloride of ammonium with tlie cliloridesof the other 
platinnra-raotals (except sesquicliloride of rhodium) are insoluble m excess of chloride 

“^The'TXcUon of diclilorido of iridium in solution to sesqvAhiorido may bo effected 
by any of the reducing i^nts already mentioned (pp. 316, Sl^but tlie mostconvenient 

for auHlyticftl purposes is i flan 

When, for example, iridium is to bo separated from plato^num, both being in t e 
form of tetrachlorides, the mixture of these compounds, or rather their double salts 
with chloride of ammonium or potassium, may be treated with a small quantity ot 
water, and solution of sulphydric acid added by small portions. The reduction of the 
iridic cliloride then takes place immediately, a green liquid being formed, rendereU 
milky by precipitated sulphur, and coloured brown by sulphide of platinum if tliat 
metal is present in rather largo proportion. Iridium is not precipitated from its solu- 
tions as sulphide by sulphydric acid at ordinary temperatures, unless the is 

added in very large excess, and even then the precipitation takes at least 24 nouw. 
The reduction of the iridium to trichloride being complete, sal-ammoniac is ^dod m 
excess, and the liquid filtered. The platinum then remains nndissolved, while the 
iridium passe* into the filtrate, and may bo reconvert^ Into tetrachloride by means ot 
nitromuriatic acid, and precipitated as alreivdy described. 

The same method may servo separate iridium from o&mium, out the separaMon 


m Bn*?BmG4CiD. 

dmeention at 100®, To obtain it pure, it must be oyatalliaed eeyeral times from 
aloohot and washed with ether. , 

The acid salt, 0*H*KN0»C^*N0»-H*0, forms brilliant laminae, which under the 
microscope are seen to consist of prisms with rectangular base, and the terminal edges 
truneat^ Thev give off 4*77 per cent, water at 100®. 

Hippurate of Silver, 2C»H»AgN0*.H*0, prepared by adding nitrate of silver to 
hippurate of potassium, is soluble in water and crystalhsable. It gives off its water 
(8 '42 per cent.) at 100°. 

Hippurate of Sodium, 2C*H*NaNO*.H*0, is crystallisable, very soluble in hot water 
and in alcohol, sparingly in ether. 

Hippurate of Strontium, C'“H‘«Sr"N*0*.5H*0, is crystallisable ; sparingly soluble in 
cold water and alcohol ; gives off its water at 100°. 

Derivatives of Hippxiric Add, 


Amldoolilppiurio a4ild« =» C®H"(NH*)NO*. (Schwanert, Ann. Ch. 

Pharm. cxii. 69.)— Obtained by paesir^ sulphydric acid gas for a considerable time 
into a solution of nitrohippuric acid in saturated sulphide of ammonium, and acidu- 
lating the concentrated liquid with hydrochloric, or better with nitric acid. It 
crystallises in light white laminae, soluble in 300 to 370 pts. water at 20°, in 1200 pts. 
absolute alcohol at 15°, insoluble in ether. In boiling water and alcohol it dissolvea 
easily ; likewise in acids and in alkalis ; the solutions quickly turn brown. With con- 
centrated hydrochloric acid, it forms a hydroclUorate containing C®H**N*OMICl. 

diloroliippario acids. (R. Otto, Ann. Ch. Pharm. cxxii. 129.)— These compounds 
are produced by the action of hypochlorous acid on hippuric acid. When 2 or 3 pts. 
chlorate of potassium are added to a mixture of 1 pt. hippuric acid and 6 to 9 pts. 
hydrochloric acid, a gentle heat applied, after the frothing has ceased, to complete the 
reaction, the lic^uid then heated to l)oiling and left to cool, — an oily yellowish mass is 
deposited, consisting of mono- and dichlorohippuric acids, tlieir relative quantities 
depending, partly on the quantity of chlorate used, partly on the temperature of the 
liquid during the reaction. The two acids are separated, either by boiling with water, 
which dissolves chiefly the monochlorinated acid, or by repeated crystallisation of the 
calcium-salts obtained by neutralising the mixed acids with milk of lime. 

Monochlorohippuric acid, C*H*ClNO*, obtained by evaporating the alcoholic 
solution, after decolnrisation with animal charcoal, forms a yellowish, riscid, inodorous 
mass, having an acid reaction ; it is nearly insoluble in cold water, melts and dissolves 
m boiling water, and mixes nU proportions with alcohol and ether. It dissolves also 
in caustic alkalis, forming a s^dl^n which turns brown when heated. — By boiling with 
ifeoneentrated hydrochloric acid, itis resolved into glycocine and monochlorobenzoic acid. 

The neutx-al potassium- and sodium-salts are uncrystal lisable or crystallise with 
difficulty. The acid sodium-salt, 2(C*H’ClNaNO*.C*H*ClNO*).H‘0, crystallises in 
concentrically grouped needles. — The C'*H'^Cl*Ca"N*0*.4H*0, crystallises 

from alcohol in small shining scales. — The lead-salt, C'^H'^CPPh^N^O®, melts at 100 — 
120°, and crystallises from dilute alcohol in concentrically grouped needles. — The 
silver salt is a white precipitate, which crystallises indistinctly from solution in water. 

Dichlorohippuric acid, C*H'CI*NO®, is very much like the monochlorinated acid, 
and after standing in contact with the air orunder water, forms a soft granulo-crystallino 
mass, which deliquesces when warmcKl, and at 60° emits an aromatic turpentirie-like 
odour, — By boiling with strong hydrochloric acid, it is resolved into glycocine and 
dichlorobenzoic acid. 


DicMorohippurate of sodium, C*H®Cl*NaNO*.H*0, forms soft warty crystals, easily 
soluble in water, alcohol, and acids. — The barium-salt, C‘*H**CPBa-N*0*.3lI*0, crys- 
tallises in needles. — The calcium-salt, C'*ll'*CPCa"N*0‘, crystal lis^jfirom dilute solu- 
tions at ordinary toraporatures, or at 60°, in needles containing 9 ^ ^ 10 at. water; at 
higher teTny^ralures, m hard white crusts with 6 at. water. — Tho neutral lead-salt, 
C**H**Cl*Pb"N*0®.4H‘'0, obtained by cold precipitation, separates from its aqueous solu- 
tion in nodules. A basic lead-salt, 2C**Il'*Cl*Pb''N*0*.Pb"0.6H*0, may be extracted 
^j^boiling absolute alcohol from the precipitate formed by dichlorhippuric acid and 
of load at the boiling heat. The silver-salt is a white precipitate, which 
'Ifly^aiates from hot water in cauliflower-like masses. 

^?^ fH6h^rohipwirate of Ethyl, C*H''CP(C*H*)NO*, obtained by treating the alcoholic 
the acid with hydrochloric acid gas, is a heavy yellowish oil, nearly 
witeit 

jiving the composition, C’*H“Ca''Cl*N*0*.6H*0, intermediate between 
find dichlorohippurates, is obtained in spherical groups of needles by 
lii^ a ntixturtf^pf the calcium-salts of the two acids. Its solution preetpitaUd 
of silver yields a silver-salt of analogous composition. 
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of that moUl the other members of the group is generally effected by distillation 
with nitisomuriatic add, or by roasting in an atmosphere of oxygen. (See Osmium.) 

Palladium is easily separated from iridium by precipitation with cyanide of mer- 
cury, which does not throw down iridium ; also by fusion with acid sulplmte of 
pt)ti8sium, which dissolves the palladium, but merely oxidises the iridium. 

The separation of iridium from rhodium may be effected, when the former is in the 
smte of tetrachloride and the latter in the state of trichloride, by treating the solution 
with excess of chloride of ammonium, which forms, with trichloride of rhodium, a 
double salt soluble in exce.s8 of chloride of ammonium, whereas chloriridiate of ammo- 
nium is insoluble in excess of that salt. Another mode of separation is founded on the 
fact that chloriridiate of sodium is soluble, and chlororhodiate of sodium insoluble, in 
alcohol. The method of fusion with acid sulphate of potassium, whereby rhodium is 
dissolved while iridium is merely oxidised, starves for the qualitative distinction between 
the two metals (p. 319), but is not adapted for qiiantiUtive separation, because the 
solution of the rhodium takes place but slowly, and when a small quantity of it is 
mixed with a considerable quantity of iridium, not a trace of it is taken up by the 
fused acid sulphate. (See Rhodium.) 

Atomic Weight of Iridium.—lh^ only known determination of this number is 
that made in 1828 byBerzelius (Pogg. Ann. xiii. 435), and founded on the analysis of 
chloriridiate of potassium, 2KCl.IrCP. 100 parts of this salt ignited in a stream of 
hydrogen lost 29 pts. of chlorine. Now, as only 4 at. chlorine are given off, the 
chloride of jiotassium not being decomposed, wo have, for determining the atomic 
weight of iridium (taking K~39 2 and Cl=-35-o), the proportion 

291*4 + Ir : 142 = 100 : 29 
'♦hence Ir == 198-20. 


ntZBlUM, ZODXBX8 OP. (Op pier, Ucher din Joel verhhuhmgen dcs IrUUums 
(Pjsi^crtation), Gottingen, 1867; Jahresb. 1857, p. 203).— Indium appears to form 
ihrco compounds with iodine, namely, IrP, Ir'-^I* and JrP. 

The di-iodide, IrP, or Hypo^iridious iodide, appears to bo formed, as a brown 
pow^ler, by passing sulphurous acid into water in wliich iridic iodide is suspended. 
By dissolving finely pulverised chloriridiate of ammonium in a boiling concontratecl 
solution of iodide of potassium, and leaving the liquid to stand for a few hours, hppo~ 
Kdiridite of ammonium, (NH')2IrP or 2NH‘I.lrP, separates as a black crystalline 
jH)wder or in blackish-grey spangles. 

The tri-iodide, IPP, or Iridioua iodide, separates as a black crystalline pro- 
cipiiate on adding chloride of ammonium to aqueous iodiridiate of potassium, K*IrP 
(Kxliridiate of ainraonium being probably formed in the first instance, and subsequently 
rcs<dvod into tri-iodide of iridium, iodide of ammonium, and free iodine). It is 
soluble in cold water, somewhat more freely in hot water, insoluble in 
alcohol. It unites with alkaline iodidos, forming double salts which may be called 
• od 1 nd i tes. The ammonium-salt, (NH«)*IPI‘*.2IPO or 6NIBI.IPP.2H*0, separates 
HI crystalline needles from the mother-liquor of hypo-iodiridite of ammonium (see 
aj’ove) on repeated concentration, first together with the latter, afterwarii alone, 
ilu; poia6sium-salt, K®IPI**, separates on adding a concentrated solution of iodide of 
j»otassium to a solution of trichloride of iridium, .as a fine crystalline powdor. 
ij tving a green lustre, insoluble in water and in alcohol, dissolving slowly in 
acids, easily in alkalis when heated. The silver-salt, Ag*Ir*I'*, is obtained on 
adding nitrate of silver to a solution of iod-iridiato of potassium, as a dark green 
amorphous precipitate, which afterwards turns brown. The reaction by which 
I similar to that of nitrate of silver on chloriridiate of potassium 

vP- 318). 

'Ihe tetra-iodide, IrP, or Iridic iodide, is obtained as a soft black powder 
\v adding iodide of potassium to a strong solution of tetrachloride of iridium, and 
^nling the brown-red liquid, mixed with a little hydrochloric acid. With alkaline 
« ondes It forms the iodiridiates. Theawtmonww-su/^, (NH*)*IrCl*,or 2NH^I.IrCB, 
Separates after some weeks from a solution of chloriridiate of ammonium in cold 
c^centrat^ aqueous iodide of potassium, in dark brown shining crystals easily 
proposed by heat. The aqueous solution, when gently heated, becomes turbid and 
depositing hypo-iodiridite of ammonium, (NH*)*IrI\ and iridic iodide. - 
poiasnum-salt, K*IrP or 2Kl,lxl*, separates after the iridic iodide itself, from a 
in ** **'*‘?^^ chloride mixed with iodide of potassium. It is formed also, though 

unly, by the action of iodine-vapour on an intimate mixture of iridium 
chloM^ potassium heated to 60®— -70®; and in larger quantity, by adding iridio 
in^ •^^ution of iodide of potassium, the latter being kept in excess ; or by dis* 
•Ll. Y 
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Cow>fomU»pTUUieed^tk»aetitmrffe»UuiUi>Tii$^Ph>tphiintn^^uri»aBid. 
(H. Schwaneptj Ann. CIl Pharm. cxii. 69.) — ^Whon 1 at. hippuric add (in quantitjes 
not exceeding 10 gpmu.) is distilled with 2 at. pentachloride of phosphorus, scarcolj 
anj^hing bat oxychloride of phosphorus passes over at first, but between 180^ and 200^ 
a viscid liquid distils over, and between 220^ and 250^ a mass which solidifies in the 
ciystalliiie form. The liquid separated from the crystals gives off, on rectification, 
oxychloride of phosphorus up to 120^^, then chloride of beneoyl, boiling at 196®, and an 
oil which boils, at a temperature above 200®, and when left over oil of .vitriol, solidifies 
to a crystalline mass whose composition is expressed by the formula, C*H*ClNO* 
C*H*ClNO* (monochlorohippuric acid) - H*0, which is also the composition of the 
crystals obtained by the first distillation. — This compound, when immersed in ether, 
deliquesces at a gentle heat to a yellowish oil, witliout perceptibly dissolving, and 
crystallises on cooling in fiat four-sided munoclinic prisms bevelled at the en(b with 
two faces. It melts between 40® and 60®, distils without alteration at 200®, is in- 
soluble in water, but dissolves easily in alcohol, and crystallises therefrom with difficulty. 
The solution is not precipitated by chloride of platinum, mercuric chloride, or nitrate of 
silver. The compound* is not decomposed by potash, either in aqueous or in alcoholic 
solution, but when repeatedly fused with hydrate of potassium, it is partially resolvtKi 
into ammonia and beuzoicacid ; aqueous ammonia also decomposes it partially at 130°. 
It absorbs ^drochloric acid ^ in quantity corresponding nearly with the formuhi, 
C*1I*C1N0*,HC1, but the hydrodilorate loses its acid, even wliou the alcoholic solution is 
evaporated over oil of vitriol. 

Another chlorinated compound, C*H*Cl*NO’ = C’H^CPNO* (dichlorohippuric acid) 
— IPO, is obtained, though only in small quantity, by repeatedly rectifying the last 
portions of oil which pass over in distilling hippuric acid with pentachloride of phos- 
phorus. It is likewise crystalline, but dissolves readily in ether. 

Miteoblppurio acid. C"H"N"0‘-C*H»(NO»)NO* (Bertagnini, Ann.Ch.Phurra. 
Ixxriii. 100.) — This acid is produced by the action of a mixture of strong sulphuric and 
fuming nitne acid on hippuric acid. It is found in the urine after nitrobenzoic acid 
has been swallowed. To prepare it, 1 pt. of hippuric acid is dissolved, in the cold, in 
4 pts. of the strongest nitric acid, and the solution is mixed, slowly, so ns to avoid rise 
of temperature, with 4*9 pts. of strong sulphuric acid. Tlio liquid is thou left to itself 
for two hours, and diluted, still slowly, to avoid heating, with three times its volume of 
water; it then, after two hours, deposits an abundant crystallisation of nitrohippnrio 
acid. The acid thus obtained has a yellow colour; fbr purification, it is treatea with 
lime, the resulting calcium-salt is decomposed with h^ochloric aci^ and the nitio- 
liippuric acid is reciystallised several times. .J- ; 

Nitrohippuric acid ciystallises in colourless silky needles, soluble in aloobol, ether, 
and water, especially in water containing phosphate of sodium. The crystals redden 
litmus, melt at about 160®, and then decompose, giving off vapours of bcnxoio 
acid. 


HydrochUmc mid converts nitrohippuric add into glycocino and nitrobenzoic add. 
A solution of nitrohippuric add mixed with ammonia assumes a red oolour under the 
influence of sulphydric acid, and deposits sulphur when neutralised by an aciA When 
di^lyed in a saturated solution of sulphide of ammonium, and treated with sulphydrio 
add, it is converted into ami do- hippuric acid,C*H'®N*0* (Schwanert, p. 160). 
^iiric passed into a solution of nitrohippuric acid in nitric acid gives rise to the 
formation of a new aciA not yet examined. Nitrohippuric acid dissolves at ordinary 
temperatures in strong sttiphurie acid, and on gently heating the solution and then 
diluting with water, nitrobenzoic acid is d<^si^. Nitrohippuric acid distilJtid with 
an equal weight of quickdime yields a reddish, oily distillate having the odour of cin- 
namon. The acid heated with strong solution of potash, turns brown and gives off 
ammonia : at a higher temperature, uie mixture gives off hydrogen and assumes a red 
colour. 4 

The nitrohippurates are mostly soluble in water, some of them also in alcohol. 
Most of them crystallise in needles grouped round a common centre. When heated, 
Ui^ give off aromatic vapours. The following have been analysed : 

Calcium-salt C'»H'«Ca"(NO»)*N*0«.8HK). 


Cupric salt 

Silver-salt 

Zine-salt 


- C'»H‘H3u''(N0»)*N*0*6H*O. 
. C*"H»Pb"(NO*)»N*0* (at ^ 
. C®H»Ag(NO»)TO% . ’ 

. C*'‘U’«Zn''(NO*)*NW.6,^ 
aeld. C®H*NSO® - C®fl*NO*.SO*. (Schwanert, 
W.) — ^Prodneed by direct combination. Hippu^acid absorbs t] 
^ sq^nrie anhydride, forming a brown liquid ; and by dissolving this products 
^nwismg with carbonate of lead, decomposing the filtrate wiUi solphydri^l 
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wAriiie the iridic iodide in iodide of potassinin, and leaTing the eolntiM to 
It forms dark, metallic-shining, crystalline spangles, appeanng M ^tahetons tajaer 
the microscope, easily soluble in water, insoluble alcohol ; it is ^7 acids, 

and, with decomposition, by alkalis. The s^tum-saU, Na Irl * 2NaI Jrl , is obtained 
on adding a concentrated solution of iodide of sodium to iridic chloride, as a dark 
biolriiiBhVeeii cryetalline powder, insoluble in alcohol and m cold water, sparingly 
soluble in not water. 

XRXDXUM, OUBaS OF. Iridium forms four compounds with oxygen, namely, 
IrO lr*0*, IpO», and IrO*. The protoxide, ox Hypo-iridious oxide, IrO, is but 
little known. It is obtained by precipitating an alkaline hypochloriridite with caustic 
alkali in an atmosphere of carbonic anhydride (p. 323) ; but on exposure to the air it 

is quickly converted into a higher oxide. (Claus.) , j 

The aeequioxide, or Iridioua oxide, Ir^O*, was formerly regarded as the most 
easily formed and most stable of the oxides of iridium ; but, according to Claus, it 
has a great tendency to take up oxygen and pass to the state of dioxide. It may be 
prepared by gently igniting a mixture of chloriridite of potassium (6KCl.Ir«Cl*) with 
carbonate of sodium in an atmosphere of carbonic anhydride ; on treating the product 
with water, the sesquioxide remains in the form of a black powder insoluble in acids 
(Claus, Ann. Oh. Pharm. lix. 251). It forms two hydrates, one containing 3 at., the 
other 5 at. water. The trihydrate, IrW.3H20, is obtained by treating a solution of 
the olive-green scsquichloride, or one of its double salts, with potash and alcohol, as a 
black precipitate, which, when treated with hydrochloric acid, yields a smtfll quantity 
of olive-green sesquichloride. The pentahydrate, Ir*0».6H‘^0, is obtained by mixing 
the solution of either of the double salts of trichloride of iridium with a small 
quantity of caustic potash, and leaving the liquid for some time to itself in well-closed 
and perfectly filled bottles. It is then deposited as a yellowish precipitate with a tinge 
of olive green ; but it cannot bo obtained pure, as it easily takes up oxygen, turning 
blue, and being partially converted into dioxide. It dissolves in the smallest quantity 
of potash. 

Sesquioxide of iridium unites with bases, forming salts which may be called i r i d i t e s. 
A solution of a chloriridite in excess of lime-water deposits, after standing for some 
time out of contact of air, a dirty yellow precipitate containing Ca’Ir’O® or 3Cd0.1r«0». 
(Claus, J. pr. Chem. Ixxx. 282; Jahresb. 1860, p. 207.) 

The dioxide, or Iridic oxide, IrO*, is, according to Claus, the most easily 
prepared and most stable of all the oxides of iridium, and is always deposited in the 
form of a bulky, indigo-coloured hydrate, Ir*0*.2H*0, when a solution of either of 
the chlorides of iridium or their double salts is boiled with an alkali ; but it always 
retains 3 or 4 per cent, of the alkali. The hydrate may also be obtained by dissolving 
the hydrated sesquioxide in potash and treating the solution with an acid. A greenish- 
blue precipitate IS then formed, which gradually absorbs oxygen from the air and 
assumes an indigo-colour. The hydrate parts with its water when heated. It dissolves 
in acids, forming solutions which are dark brown when concentrated, reddish-yellow 
when dilute. 

The trioxide, or Periridic oxide, IrO*, is formed, according to Claus, when 
iridium is fused for some time with nitre. ' The resulting bkckish -green mass dis- 
solves in water, forming a deep indigo-coloured solution of basic periridiato of potassium, 
leaving a black crystalline powder consisting of acid periridiate. This powder, when 
washed, is perfectly neutral and tasteless, and dissolves with indigo-colour in hydro- 
chloric acid, giving off a very large quantity of chlorine. quantity of potash 

in it is variable, but the iridium and oxygen (in the acidi constantly maintain the 
prc^portion of 1 to 3. (Claus, Ann. Ch. Pharm. lix. 249. )r_ 

ZRXBXVM, OXTOBir-SABTS OF. Iridium, like ml other platinum-metals, 
shows but little tendency to form oxygen-salts. The oxidtis dissolve in acids, but no 
definite salts are obtained in this way. The solution of iridic oxide in sulphuric acid 
has a dark brown colour, which is not modified by potash in the same manner as that 
of Uie tetrachloride, neither does it yield any blue precipitate on boiling. 

The only definite oxygen-salts of iridium that have been obtained are double salts, 
containing sulphurous and hyposulphuric acids. 

a. HypO'iridoao-potaasxc Sulphite, 3(K*0.S0*).Ir0.2S0* = — This 

salt is obtained as a white powder when the mothe^liquor obtained in preparing chlor- 
iridite of potassium by passing sulphurous anhydride through* a solution of the chlor- 
iridiate (p. 318), is evaporated to a small bulk. It is somewhat crystalline, nearly 
tasteless, insoluble in water, but dissolves easily in hydrochloric add, giving off sul- 
phuious anhydride, and yielding a yellow prismatic salt, in which 3 at SO* are 
replaced by 6 at Cl. It dissolves in potash, forming a solution which is decomposed 
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HIPPURIC EtHE&S^ttrKiKJdbKI^. 


BtttpoTftting, sulpholiippuric acid is obtained as a brownish yellow, amorphoiis, deli- 

add it forms (not sulphobenzoglyeolUc, bnt) suljAiobensoic acid, 
C’H*SO», together with an oily substance probably containing glycollic acid. 

Stapbohippuric acid is dibasic. Its neutral harium-saii wntains 
By boiUog the acid with hydrate of lead, a lead-aalt is obtained corresponding approxi- 
mately with the formula C®H’Pb'^NSO*. 

HXPWUO STBERB. Only two of these compounds have as yet been obtained, 
vis. the ethylic and raethylic ethers. 

Hippur ate of Ethyl. C*'H**NO* = (Stenhouse, Ann. Ch, 

Pharra. XXXI. 148.)-- Prepared by passing hydrochloric acid gas through a boiling 
lolution of hippuric acid in alcohol of 80 per cent The liquid thickens, assumes an 
uly aspect, ancf when diluted with water, deposits the ether in liquid drops, which soon 
oUdify. 

Hippurate of ethyl is ciystallisable and has a sharp taste. Specific gravity 1 043. 
delta at 44° and solidifies at 32° C. Sparingly soluble in water, very soluble in 
Icohol. Chlorine, with the aid of heat, converts it into a crystallisable chlorinated 
ompound. Nitric and sulphuric acids decompose it at the- boiling heat, producing 
enzoic acid. Alcoholic potash converts it into ethylic alcohol and hippurate of 
otassium. 


Hippurate of Methyl. = C®H*(CH*)NO*. (Jacquemin and 

chlagdonhauffen, Compt. rend. xlv. 1011.) — Prepared by passi^ hydrochloric 
cid gas into a soluton of the acid in wood-spirit heated to 50° or 60° C., washing the 
jsulting sympy liquid with carbonate of sodium, and then treating it with ether, from 
rhich the compound crystallisoa by spontaneous evaporation. 

Hippurate of methyl forms white, transparent needles, soluble in 120 pts. of cold 
rater, and in 60 pts. water at 30°; in boiling water it melts before dissolving. Alcohol 
nd ether dissolve it in all proportions. It melts at 60° and decomposes at 260°, 
iving oflT ammonia and bonzonitrile. With fuming nitric acid it ^ives off a combus- 
Ible gas, probably containing nitrate of methyl. Alkalis decompose it, forming hippuric 
cid and methylic alcohols. Ammonia converts it into hippuraraide. 

KZEOZO ACZn. The name given by Che^TOul {liecherchee sur lea corps gras^ 
p. 161, 236) to an oily acid, slightly soluble in water, wnich he obtained from mutton- 
net, and to which he attributes the peculiar taste and odour of that substance. The 
otassium-salt is vciy delit^uescent ; the harium-salt is sparingly soluble in water and 
ontains 43'8 per cent, banum. The acid is probably nothing more than a mixture ot 
everal acids of the series 


HXSZVCIllHXTiQ. A hydrated silicate of iron occurring at Kidharhyttan in Sweden 
md othet localities. A variety called Qillingite is found in the Gillinge mine at 
JviirtH-Kirchflpiel in Sweden, and another called Thraulite at Bodenmais in Bavaria. 
These minerals all contain both protoxide and sesquioxido of iron, and are closely 
killed in composition ; they are, however, but imperfectly crystallised, and havo a dark 
rolour, so that impurities in them easily escape detection. Moreover, it is possible that part 
>f the protoxide of iron in the original mineral may be gradually converted into ses- 
piioxide. Hence their oonstitution cannot be ascertained with certainty. Tho 
composition of hisingerite from llidharhyttan (specific gravity 3 046) agrees however 
nearly with the formula 8(Fe0,Si0*).2(F6*0*.3Si0*) + 6H*0. Gillingite is the same 
with 9 at. water; Thraulite is 3(Fe0.Si0*).(Fe*0>.3Si0*) + fiH^O. A variety from 
Orijarfvi in Finland, much richer in protoxide df iron, may be represented by tho 
formula 9(FcO.SiO^).(Fo*0*.3SiO*) -f 9H*0. The following are jdnalyses of these 
minomls: • 



SiO» 

Fe«OS 

F«*0 

a. 

33-07 

34*78 

17*59 

b. 

82-18 

30-10 

8 63 

c. 

31-28 

49-12 


d. 

29-51 

1074 

37*49 


r»o MgO 

2*66 0-46 

550 422 

! i 7*78 


11*4? 

1937 

1912 

1300 


100 0 
100*0 
99 62 
98-52 


h, from Kidharhyttan by Rammeleborg (3fineraipJiemfe, p. 852). — 6, from the 
Gilltnge mine by Ramraelsborg (t5itf.). — c, Thraulite frtmi Botlenmaia by v. Koboll 
Ann. xir. 467). — from Orijarfvi by Hermann. (J. pr. Chem. xlvi, 338.) 

A grass- green limestone from Takli near Nagpur in Central India, 
of gravity 2*645, and containing 80*79 per cent. carl>onate of calcium, 0*73 

a trace of carbonate of magnesium, and 16*68 of an iml>eilded green silicate 
identical with glauconite. (S. Hanghton, Phil. Mag. [4] xvii. 16.) 
< i^lTcnKoocaLZTa. A silicate of lead and aluminium from the Crinton mine in 
Specific gravity, 4 024. Contains 20*85 per cent. P*0*, 27*40 PbO, 28 41 



hy || 0 «I| iith Mfpmtitm of blue ttidio hydrate. The cxyatala oontain ^ at. water, whioii 
is ffiTen off at 180® ; at a higher temperature, the aalt ia completely deoomp<^. (0 1 a u i. 
aSi. Oh. Pharm. Ixiii. 852.) ' 

0. Acid Ifypo-iridious Sulphite with Chloride Potassium^ 6K01.(Ir0.2S0*).-- 
Produced by treating the aalt a with hydrochloric acid. The reaulting yellow aolutioa 


(Claua, loe. oit.) 

y, A salt containing 4KCl.IrCl*.(2K*S0*.IrS0*.S0*).12H*0 is obtained by heating 
a solution of chloriridite of potassium with acid sulphite of potassium till the green 
colour changes to red, and carefully evaporating. It forms minium-red crystals, yields 
protoxide of iridium when treated with carbonate of potassium in an atmosphere of 
carbonic anhydride, and is converted by prolonged heating with acid sulphite of potas- 
sium, into the white salt, a, (Claus, Ann. Ch. Pharm. cvii. 129.) In a former 
memoir (Ann. Ch. Pharm. Ixiii. 844-348) Claus represented this salt by the formula 
2{KO,SO*).2KCl.2IrO.S‘O^Cl, in which the protoxide of iridium was supposed to be 
combined with a cliloro-hyposulphuric anhydride S^O*Cl. The same acid may bo 
supposed to exist in the two following salts : 

5. 4AC'/.2/r0./S*0*C/.— Formed by treating the preceding salt with hydrochloric 
acid. Deep red prismatic crystals, easily soluble, with yellow colour, in water, 
insoluble in alcohol. The air-oried crystals contain 6 and. 6 per cent, water ( «»4^0), 
which is given off at 180°. Alkalis slowly decompose the salt, and nitromuriatic 
acid converts it, after some time, into an iridic salt. Its composition might also be 
represented by the formula 2KSO*.{2KCltIr^CP) ; but it appears to contain a proto- 
rnthor than a sesqui -compound of iridium. 

€. i{K0.8(P).Ir0. 8^0*01. — This salt is contained in the mother-liquor of 8, and 
separates as a translucent, amber-coloui*ed, viscid mass, which dries up to an amor- 
phous translucent substance, yielding a yellow powder. It is decomposed by water, 
part of it dissolving, while the rest is converted into the white salt a. (Claus, Ann. 
Ch. Pharm. Ixiii. 351 ; see also Gmdin'a Hand-book^ vi. 388.) 


ZRXBXVM, BXrXiPBXBBS OT, Four of the.so compounds are described, analo- 
gous to the oxides, and obtained by precipitating the solutions of the chlorides with 
sulphydric acid. The protostdphide^ IrS, obtained also by heating either of the 
higher sulphides in a close vessel, is grey or blackish-blue. According to Berzelius, it 
dissolves in nitric acid, forming hypo-iridious or iridious sulphate ; and in sulphide 
of potassium more easily than sulphide of platinum. The eesquUtUphide^ Ir'^S”, is a 
brown-block precipitate, sparingly soluble in water [? when partially oxidised], and 
behaving like tSe protosulphide with nitric acid and sulphide of potassium (Ber- 
zelius). The disulphide^ IrS*, is obtained by precipitation, also by igniting chlor- 
iridiato of ammonium with an equal weight of sulphur (Vauquelin); by igniting 
pulverulent iridium with sulphur and an alkaline carbonate, and exhausting the pro- 
duct with water (Fellenberg, Pogg. Ann. lix. 66); and by mixing a solution of 
tetrachloride of iridium in strong alcohol with sulphide of carbon, and leaving the 
mixture in a closed vessel for a week. It is then converted into a gelatinous mass, 
which is to bo broken up, collected on a filter, washed with alcohol, then rc]H*ate^lly 
boiled with water, filtered and dried. The product thus obtained is disulphide of 
iridium. It is a dark yellow-brown powder, which is decomposed by heat, leaving , 
the protosulphide or metallic iridium according to the temperature to which it is 
raised. The disulphide obtained by precipibition behaves with nitric acid and with 
sulphide of potassium like the proUiSulphido. The trisulphide, IrS*, is obtained by 
decomposing the trichloride with sulphydric acid, but to complete the decomposition, 
the liquid saturated with sulphydric acid must bo left for a considerable time in a 
closed vessel at 60®. It is a dark yellow-brown precipitate, which behaves like the 
preceding compounds with nitric acid and sulphide of potassium. (Berzelius.) 

niZBXiniK-BBJIllBf AMBKOSrZACilB. Ammmio-dichloride of iridium, 
2NH*,IrCl% or Chloride of iridammonium, N*H*Ir''.Cl*, is prepared by heating tetra- 
chloride of iridium till it is converted into dichloride, dissolving the brown 
rosinous residue in carbonate of ammonia, and adding hydrochloric acid in slight 
excess. The compound then separates in the form of a yellow granular preci- 
piuto, insoluble in water. The oxide corresponding to this chlorido has not 
obtained in the free state. The sulphate, N*H*lr".SO*, is obtained by heat- 
jng the chloride with dilute sulphuric acid. It crystallises in laiige orange-yellow 
laminae, easily soluble in water. — Tetrammonio-dichloride qf iridium, 4NHMrCl*, 

^ Chloride <f ammiridammonium, N*H*(NH*)*Ir".Cl*, is obtained as a white prec4« 

t2 


HJILMITB— HOUOI:,3iCT!G ACe>. 16* 

AW, 014 Pb01», and SO-20 vater {- lOO OO), agreeing naarir with tha Awmnie 

BJSUUVJk AmiwralJonsistiBgchieflvoftantRlate of yttrium and iron, found 

in the neighbourhood of Ytterby, together with garnet, gadolinite, &c. in a rock con- 
sisting of quar^ orthoclase, albite, and mica. It has a metallic lustre, irranulat 
fracture, pure black colour in the mass, blackish grey in powder. Hardness — 6, 
Specific gravity -» 6*82. It exhibits no distinct indications of crystalline form or 
cleavage. Its analysis gave : 

Ta’O* SoO« CuO CaO YO CeO UO FeO MnO MffO H'O 

62*42 6'66 010 4 26 6*19 1*07 4*87 8*06 3*32 0 26 3*26 = 99-37 

Before the blowpipe it decrepitates and flies to pieces, gives off water, and turns brown 
without melting, in'the oxidising flame; by phosphorus -salt it is easily dissolved to a 
bluish-green glass; easily also by borax to a clear glass rendered opaque by flaminc • 
by reduction on charcoal with carbonate of sodium, it yields metallic spamrles* 
(Nordenskiold, Pogg. Ann. cxi. 273; Jahresber. 18G0, p. 780.) ^ ^ ’ 

BOBMUITB. A hydrated areenate of magnesium from the Bannat, found im- 
bedded in calcspar. It forms rhomboi'dal laminae of 36° and 144°, bevelltxl on the 
sides, closely resembling, the most common form of gypsum, and probably bolonirimr to 
the raonoclinic system, cleaving perfectly in the dirt^ction of the pinacoidal face 
having a mother-of-p^rl lustre on the cleavage-facos ; white, transpanmt (translucent 
in the thicker parts), flexible in thin layers. Hardness » 0 5. Specific cnivitv 

an,,l,8i8 hy 

V. Hauer (R6p. China, pure, ii. 286)gavo 24*54 per cent. MgO, 46*33 As'-'O* and 29 07 
water (= 99*94), agreeing with the formula, Mg^^sWSH^O. (Uaidinlror Wien 
Akad. Ber, xi. 18.) ' b » • 

(ii**4^^™ XiAHATirs. For the composition of the ash of Uiis grass, see Giussiis 


HOXiMBSZTB. See Clintonitb (i. 1026). 

See Isomouphism. 

A mineral elojely rolatod to barnlmnltilo (i. iOS), and Conner 
I'vntes (11. 77), from Pknen in tJio &xon Voigtiand (and other loculiticsX wlierolt 
h'rras, together with carbonate and silicate of c-jpper, o vein of copper-ore imbedded in 
Kreonstono. It occurs sometimes in quadratic crystals, but rooro generally massive 
ll.inliioss between 4 and 6. Specific grayity = 4-472 to 4-480. Colour, brifes-vellow 
tut with more of a brotiso tint than copper-pyrites, and quickly acquiring a nianv- 

copper, and 30-21 sulphur, sgreeing with the formula 
me/ W (Breithaupt. Sill. Am. J. [^] xxviiX 132I «!x. 373. 

rnflsber^s MtneralckerMe, pp. 426, 987.) 

■OMOOnanirZO ACX9. C'HW - ‘^"”'*^(0. Cymimc ncd. (Rossi, 

Compt. rend. lii. 403; Ann. Ch. Pharm. .Suppl. i. 139.)— An acid homologous with 
cuminic acid, prepared by treating cyanide of cyniyl, C'"H*H;y (ol)tained by the action 
w cyanide of potassium on the chloride, ii. 296), with potash-ley at the boiling heat: 

C'»H'».CN + 2U*0 « C‘«H‘'0» + NH». 


It cry-stallises in small needles; melts at 62°; distils witliout decomposition ; dissolves 
sparingly in cold, easily in boiling water, also in alcohol and ether, reddens litmus and 
^mjKwes carbonates. The potassium-salt is deliquescent ; the barium- and calcium'^ 
M cfy*stalliso in nioedles ; the magnesium-ealt in nacreous scales ; the silver-aalt has 
tlJ« composition 

melting point of this acid raises a doubt as to whether it is the true 
(which me]t8 at 92°) or an isomer of that hornologue 
manner as the acid C*HH)*, obtained by Cannizzaro fit>m 
j JQo Of benzyl (probably a-toluylic acid), is related to the true toluylic acid. 

ACZB. This name was given by Cloez (Compt. rend, xxxiv, 
whi4 ' ■ womeric if not identical, with^ycollic acid, found in the mothor-liquo^ 

liono^ preparation of fulminating mereuiy. By neutralising thb 

^ stair ' ^ distilling off the volatile products (acetic ether, &<l), r«peAledl|? 

liquid remaining solution by spontaneous evafx>ration, and decanting the 

toulJ more soluble salts, the calcium-salt of tliis acid was obtained itt 

igQt nodnlee resembling lactate of cal^um. — The acid itself formed) when ooilr 

• WlthtvasrtlcaohfdrUe. 

K 2 
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IRIDOSMINE. 


by boiling the comnound, N‘H*Ii?".Cl>, with excess of ammonia. Troiflied with 

moderately strong snlphuricaoid, it yields the corresponding sulphate(N^*(NH*)’Ii^.80* 
in rhombic prisms: and, by decomposing this salt with nitrate of bamm, or the 
chloride with nitric acid, the nitrate is obtained in yellow needles, whi^ dissolre 
readily in water, melt when heated, and then suddenly decompose with flame.— 

CMoronitraie of ammirUammonium, | ammocUori. 

ridammonium, N»H''(NH')>(IrCP).2NO>, analogous to Gros’ platinum-nitrate, is obtained 
as a yellowish, crystalline, granular mass, by heating the chloride of mdammonium, 
N’HUrOl', with strong nitric acid; when recrystallised frm water it foims shining, 

yellow.laminarcrystals. — Ir .01 , or Cklo- 

ride of ammocUoriridammonmm, N»H'(NH‘)*(IrCl*).Cl», is obtained by treating the 
laflt-mentioned salt with hydrochloric acid, in the form of a violet precipitate, which 
dissolves readily in hot water, and separates from the solution in violet ciyrstols. 
Nitrate of silver added to the solution throws down only half the chlonne. The 
nitrate, treated with dilute sulphuric acid, yields the chlorosulphato of amm^idam- 
monium, in delicate greenish, needle-shaped crystals. (Skoblxkoff, Ann. Oh. Pharm. 

The compound lONHMr^CP, lci», is obtained by mixing a dilute 

NnP(NH^)^Ir") 

solution of chloriridite of ammonium, (NII ‘)*Ir^Cl*^, with excess of ammonia, and leaving 
the mixture in a well-closed and completely filled bottle for some weeks in a warrn 
place * heating the liquid, which has then acquired a rose colour, to expel the excess of 
ammonia ; neutralising with hydrochloric acid, evaporating to dryness, and treating 
the greenish-yellow residue with cold water to extract the chloride of ammonium. A 
light flesh-coloured, finely crystalline powder then remains, which, when dissolved 
in boiling water acidulated with hydrochloric acid, yields on cooling, a crystalline 
precipitate of lONHMr’CP, mixed with trichloride of iridium. This compound, 
when dissolved in a boiling solution of ammonia, is partially decomposed, with separa- 
tion of blue hydrated dioxide of iridium; when digested with water and oxide of 
silver, it yields a rose-coloured alkaline solution of the base 10NH*.IPO . This 
solution, saturated with various acids, yields crystalline salts, soluble in water, namdy, 
a carbonate, 10NUMr’O».3H'‘‘CO>, as a light flesh-coloured, finely crystalline, alkaline 

inMirs in inflifcHiipt.Ufyht flesh-coloured, neutral prisms; 


XXZDOSMrN'B. hi ative iridium, Osmide of Iridium, Osmium-iridium, Iridosmiiim, 
Neudanskite, Smerskite.—ThiB compound occurs, together with platinum, in the 
province of Choco in South America, in California, Oregon, Australia, and in the Ural 
mountains; also in the gold washings on the rivers du Ixiup and des Plates, Canada. 
It sometimes constitutes the principal part of platinum ore, especially of that from 
Katharinenberg, Slatoust, and Kischtin in the Ural. It occurs rarely in hexagonal 
prisms with replaced basal edges, commonly in irregular grains, flat or round, sometimes 
in very thin laminae. It has a metallic lustre, tin-white or light steel-grey colour, and 
is slightly malleable. Hardness = 6 to 7. Specific gravity = 19*3 to 21-12. 

The following are analyses of specimens from different localities:—!. By Thomson 
ala on* a VI ao.fiV — 2. Bv Claus (BeitraueSrcX—^.^Hy 


(Gmelin’s Handbook, vi. 426).— 2. By Claus {Beitrai/e 4-c.).^.’3y Berzelius {Po, 
Ann. ixxii. 232). — 4-8. Deville and Debray (Ann. Ch. Bbys. [3] In. 385; Jahre 
1869, p. 767). ^ 
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53-50 
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. 
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58-13 

3-04 
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5-22 

6-15 
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= 100 

58-27 

2-64 

0-15 
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s* 100 


I. Braiil. .... 

S. NUchna Tagilsk, At-jra/ronAfp/afr# 

8. Katharinenberg, laminat . 

4. Otegotx, thin thiniim scales 

5. round compact grains . 

6. California, Cavernosu nodules, 

•ometimes filled with oxide of 
iron or chromic iron ore . . 43*40 

7. Australia, esdremely thin laminte . 33-46 

8. Borneo 38-94 

Iridosmine has usually been regarded as consisting of definite osnaides of iri^um 
(the iridium being more or less replaced by rhodium, ruthenium, and platinum); No. 1 
agreeing nearly with the formula Ir*Os ; 2, with IrOs ; and 3, with IrOs . Bw 
^rding to Heville and Debray, it is not a homogeneous substance, and cannot be 
regard^as a distinct mineral species. 

Iridosmine, when heated in the air, gives off osmic aad, with greater facility as it » 


m HOMOLOGOUS SUBSTAJ^dm 

eantrsted, * sjnrnp which did not crystalliso. The silver-salt crystallised in long thin 
lifHiiim , sparingly soluble in cold water. 

XOXOliOOOVS 8VS8TAVCX8. This term is applied to organic compounds 
diiKsring from one another in composition by CH* or any multiple thereof ; for example, 
the alcMi C-H**+*0, the /ai^y actds OH^-0* and the ar&maiic acids 
Bodies thus related exhibit, for the most part, a regular gradation of properties, both 
physical and chemicaL Thus, in the senes of fatty acids, formic acid, CH*0‘, and 
acetic acid, C*H«0*, are watery liquids without any trace of viscosity ; propionic acid, 
C*H*0*, is slightly oily ; butyric acid, C*H*0*, valeric acid, and a considerable 

number of others exhibit more and more of an oily or fatty character as their atomic 
weights increase ; while palmitic acid, C**H**0-, and stearic acid, and a few 

others, are at ordinary temperatures solid fats, exhibiting higher melting points as 
they rise higher in the series ; and lastly cerotic acid, and melissic acid, 

C**H**0*, are of the consistence of wax. Similar relations are observed in the series of 
alcohols, corresponding with these acids. Moreover, the chemical energy of bodies 
thus related continually decreases as their molecules become heavier. Common 
alcohol is violently decomposed by potassium and sodium, with rapid evolution of 
hydrogen ; but on the fatty alcohols, these metals act but very slowly. Similar 
dmerencos of character are observed between the higher and lower terms of 
the fatty acid series. Formic and acetic acids are highly corrosive liquids, which 
unite energetically with bases, and decompose carbonates with the greatest ease ; 
whereas the solid fatty acids, stearic, palmitic acid, &c., exert no action on the 
animal tissues, do not enter readily into direct combination with any bases excepting 
the strongest, and decompose carbonates but slowly. 

Bodies belonging to the same homologous series exhibit, for the most part, 
regular gradations of boiling point and of atomic volume. With regard to the latter, 
Kopp has shown that compounds whose chemical formulae differ by n CH*, differ in 
atomic volume by n.22 (i. 444). The relations of boiling point exhibited by homo- 
logous liquids are fully detailed in the article Hext (p. 89). 

Various attempts have been made of late years to build up the terms of homologous 
•cries, the higher from the lower. Frankland and Kolbein 1847 (Ann. Ch. Pharm. 
Ixv. 288) showed that a cyanide of an alcohol-radicle of the series may bo 

converted into the next higher acid by boiling with aquedus potash, the action consist- 
ing in the assumption of the elements of water, with elimination of ammonia, e,g . : 
CH\CN + 2H»0 - Cm*0* + NH*; 

CjraniUe of Acetio 

methyl. acid. 

and generally 

+ 2H»0 - + NH*. 

Another method of passing from an alcohol to the next higher acid was discovered 
in 1869 by Wankly n (Proc. Roy, Soc. x. 21), who showed that sodium-ethyl (prepared 
from zinc-ethyl, which is itself obtained from iodide of ethyl, and this from ethylic 
^cohol) exposed to the action of carbonic anhydride, absorbs that gas, and is converted 
into propionate of sodium : 

C*H»Na + CO* « C>H*NaO*. 


Neither of these reactions, however, affords the means of obtaining one alcohol of 
the series from the next below it, because no method has yet been discovered of con- 
verting a fatty acid into the corresponding alcohoL , 

The great problem of passing fiwm one alcohol to that next above it has, however, 
been solved in a genertu way by Meudius (Ann. Ch. Ph^jjfc exxi. 129), whose 
method consists in exposing the (^anides of the alcohol-raqH||Et8 to the action of 
nascent hydrown, thereby converting them into Uie amines of-alcohol-radieles higher 
than the radiries started from. In this manner, starting from hydrocyanic aci{ ho 
obtains methylamine, thus ; 

HCN + - CH*N 


Cyanide of 
hjdrugen. 


Ifethylamine. 


Methylamine treated with nitrous acid yields methylic alcohol (see Ajcoraa, i. 174); 
this conkpound may be converted by well-known processes into cyanide of methyl ; and 
Ukis qyanids treatM with nascent hydrogen yidi^ ethylamine : 


CH».CN -I- H* 
Cyanldt of 
methyl. 


- C*H*N. 

EthjUmine. 


Trotti this last compound, by similar processes, we may ascend to the tritylic c» 
,^ropyltc stage, and thus, by a repetition of the same reactions, the series of aleoholi 
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rich» in osminin, and becomes dull. When ignited for some time with nitre alone,' or 
with nitre and caustic potash, it gives off part of the osmium as osmic acid, and fbniis 
osmate of potassium, together with iridiate of potassium (p. 314). According to 
Fischer (Pogg. Ann. xviii. 268) it is more easily decomposed by nitrate of calcium, 
and according to Deyille and Debray (p. 316) by a mixture of peroxide and nitrate 
of barium. Nitromuriatic acid has scarcely any action upon it [For the methods of 
analysing it, see Iridium, pp. 316, 316, 320 ; also Platinum-residues.] 

XBZSXSTfl. See Ohinoline (i. 871). 

ZBZTB. This name was given by Herman n, J. pr. Chom. xxiii. 276) to -a black 
mineral from the Ural, crystallised in regular octahedrons and consisting of the 
protoxides of iridium, osmium, and iron, combined with the sesquioxides of iron and 
chromium. According to C 1 a u s {ibid, Ixxx. 286) it is a very variable mixture, consisting 
chiefly of iridosmine and chrome-iron ore. 

ZBOXr. Synonyms; Eisen; Fer ; Ferrum ; Mars. Symbol: Fe. Atomic weight : 
66. Kquivalents : Fe = 28 (ferrosum) ; fe = ISf (ferricum). 

Tliis metal, although the most abundant of the heavy metUs, and most largely 
employed in the arts, is but little known in ar state of absolute chemical purity. The 
iron met with in commerce always contains carbon, and generally some other foreign 
substances, altogether varying in amount from 0*6 to nearly 10 per cent. Probably all 
these admixtures exercise some influence on the characters of the metal ; but it 
appears to be chiefly the amount of carbon contained in iron, which determines the re- 
markable differences of character presented by the several varieties of metallic iron 
known as malleable iron, cast iron, and steel. 

Pure iron is described as resembling silver in whiteness, capable of receiving a very 
high polish, extremely tenacious, softer than ordinary malleable iron, and presenting a 
scaly, conchoidal, or sometimes crystalline fracture. Specific gravity, after melting 
7 8439, in sheet or wire 776 to 7*60. 

Iron obtained by electrolysis was found to have a specific gravity of 8*1393. Its 
malleability was not affected by heating to redness and rapid cooling, nor was it in the 
least degree hardened by this treatment. It was scarcely acted upon by acids at the 
ordinary temperature ; but dissolved with the aid of heat, evolving hydrogrm quite free 
from the peculiar smell observable in the hydrogen evolv^ during the solution of ordi- 
nary iron. (Percy, Metallurgy^ ii. 2.) 

The crystalline form of iron is either the cube, octahedron, or some other form 
belonging to the regular system. 

The different kinds of iron employed in the arts may bo comprised under tliree heads, 
viz. malleable iron, cast iron, and steel, the latter being to some extent inter- 
mediate in its characters between the other two, and combining some of the peculiarities 
of both. See Steel. 

The difference between those tlireo kinds of iron is, however, by no means absolute, 
even as regards their clniracters, but more a difference in the degree in which particular 
characters are presented. Iron approaching nearest to a state of purity requires a vcyiy 
high temperature for its fusion, while cast iron melts at a comparatively low heat, but, 
not being suflSciently malleable, it cannot be wrought into any rt^iuired shape. Malleable 
iron has a much higher degree of toughness or tenacity than cast iron, which on the 
other hand is much harder, w’hile steel may bo melted and forged, as well as rendered 
hard or soft at will, or as it is technically termed “ tempered," by cooling suddenly or 
gradually ; on account of these varied combinations of qualities, the different kinds 
have a wide range of applicability to a great diversity of purpofes. 
leaving out of considemtion for the present all the other substances met with in 
iron Accept i^rbon, it appears that the greater or less appr<jximation to the character 
of pure iron is so uniformly accompanied by very slight differences in the amount of 
ronn these two circumstances may bo regarded as having a very intimate causal 

Kars ten’s observations lead to the conclusion that iron containing 0*66 per cent, 
farbon, and free from any other substance, becomes so much hardened by plunging 
It into water, while red-hot, that it may be regarded as steel. When the amount of 
carbon ib as much as 1*4 or 1*6 percent, the metal presents the maximum combination 
^**^*^^ capability of hardening by sudden cooling. Increase in the amount 

^ accompanied by increased hardness, but the tenacity and 

lability m less. With 1*76 per cent carbon, the malleability of the metal is veiy 
CP t ^ ^ admits of being wrought Iron with 2*3 per 

seu * presents, when melted and paduaJly coole(^ indications of mphite beii^ 

parated during the cooling, and the other characters of cai|t iron, whicn may eontatn 
of carbon varying from this minimum limit up to 6*76 per ccait 
Anese limits, however, are somewhat different when iron contains other substanees^ 
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OH^^K) majbe ascended, irtep by rtep. The eeoend eonation fepraaentog thft 
passage an alcoholic ^anide of this series to the next highest is: % 

OH*-+*.CN + H* - 

This reaction will in all probability be found to succeed with cyanides derired fiom 
alcohols of the aromatic and other series, and thus a general method of producing an 
alcohol of any series from the one next below it may be obtained. 

Carius (Ann. Ch. Pharm. cxxvi. 215^ by heating ethyl-gas (C*H'*) to 100® with 
bromine, has obtained a liquid having the composition and boiling point of dibromide 
of tetiylene : 

C*H'* + Bt* - C*H*Br« + 2HBr. 


This compound, if really identical with dibromide of tetrylene, might be converted by 
known processes into hydrate of tet^lone ; and this by the action of hydriodic acid 
into iomde of tetiyl ; whence, by distillation with potash, tetrylic alcohol might be 
obtained. This process appears then to give the means of mounting up the senes by 
two steps at once. Lastly, Schorlemmer, by subjecting elhyl-amyl, C*H*.C*H'* 
(isomeric with hydride of heptyl, C’H'MJ), to the action of chloride of iodine, has 
obtained a chloride, C’H**.C1, which appears to be identical with chloride of heptyl 
obUined from the hydride of that radicle (p. 144). The problem of ascending 
one alcohol to another in an homologous series appears therefore to be capable of solu* 
lion in several different ways. 

For speculations on the cause of homology, and the relations between homologous 
compounds of different series, see Carius (Ann. Ch. Pharm. exxvi. 210). 

BOH8T* The honey of the common bee contains cane-sugar, inverted sugar 
(ii. 864), and an excess of dextroglucose. The proportion of cane-sugar varies ^th 
the ago of the honey, as it is gradually converted into inverted sugar by the action of 
a ferment contained in the honey. According to So ubei ran (Compt rend.xxviii. 774), 
bees’ honey contains, besides dextroglucose and a dextro-rotatory sugar capable of inver- 
sion (? cane-sugar), likewise an uncrystallisablo sugar, possessing a Eevo- rotatory power 
three times as great as that of inverted sugar. The honey of the Polybia amcipenniSt 
a kind of wasp widely distributed in tropical America, yields cane-sugar in largo crys- 
tals (il. Karate n, Fogg. Ann. c. /^50). The honey of the Mexican honey-ant is, 
according to C. M. Wotherill (Chem. Qaz. 1853, 72), a nearly pure solution of 
uncrjrstallisable sugar, C*H*^0' (dried in vacuo) ; it has a slight acid reaction, and the 
volatile acid contained in it reduces oxide of silver like formic acid. 


HOWr-BTOHB. See Mrli.itii. 

HO», {Humulus Lupiilus.) — The fruit of the hop is formed of small membranoua 
coni's, at the base of which is found a yellow bitter powder called lupulin (j. e.), 
containing, according to an analysis by Yves*, 36 per cunt, resin, 12 wax, 11 of a 
peculiar bitter principle soluble in water and alcohol, 5 tannin, 10 extractive matter 
insoluble in alcohol, and 26 of residue insoluble in water. Yves found in hop-cones 
lined at 30® C., 10 per cent of lupulin. According to Payen and Chcvallier, the pro- 
[‘ortion of crude lupulin is 13 per cent, about 4 per cent, of which consists of minute 
particles of the cones themselves, resulting from the sifting. 

tupulin distilled with water yields valerianic acid and a volatile oil, containing a , 
li) ar(>oarlx>n, C'*IP*, together with valerol, C*H'*0 (see Hops, OiL*t>p). The resinous 
matter which remains after the distillation still retains a considerable portion of 
valepol, and, when distilled with slaked lime, yields valcraldehyde, C*H'*0. 

Lupulin treated with alcohol yields, according to Payen, ChevaUier, and Pelletan, 
a x)ut 66 per cent, of its we^ht. The dissolved portion consists almost wholly of resin, 
extractive matter, and tannin, the two latter soluble in water, whereas the resin, whfeh 
*^*****^ cent, of the lupulin, is insoluble. This resin, when puriAed by 

J^peati^ elution in alcohol, precipitation by water, and drying, gives ly analysis num- 
wa7 ^ wpresentM ^ the formula, C**H’*0*', together with a quantity of 



^swlved, ^ether with malic acid, in the water in which lupnlin has been 
(jjT ^ isolate it, the free acid is saturated with chalk, the liquid evaporated to 
Thfl r** residue treated with ether, which dissolves a small quantity of resin, 

evnno^ i ^ «q>arated from the medite of calcium by solution in Bi^bol, and 
^ ^css. Lupulite thus prepared is W'hite or yellowish, or sometimM 
yellow, sometimes translucent, sometimes opaque. It has no odour, unlesa 

MM. Yves. Vitjm, Cbevsifler. PelkCMt, Wafner. VUsaderMi M$mmi 
rsuu 4c Ut qne4,on, par K. Kopp. (R6p. Cbtm. app. 186b, p. *10 




IRON. 

Braphit/when the melted metal is slowly cooled, and the want of malleab^ty in the 
it is fouXn like manner, that the relation between these characters and t^ amount 
Sb^n is not strictly constant, but that it is to some extent modified by the natoe 
and^nSint of other a^mixtnriis, not only by their rendering the metal less malleable, 

also by their promoting the tendency to the separation of c«bon. 

MallMble lr*n (Schmiedeisen ; Staheism; Fer do«x) -Ordinyy malleable iron 
has a^y colour, which varies in its shade according to the character of the iron, and 

^“^rspS“gi’*“’tyraries''^^^^ and 7 9; that of the better kinds gene- 

ral^ apXxi'naUng to the mean of these two values, ^le specific gravity is affected 
to sOTie^extent by the alteration of internal texture produced mechanically. Thus a 
bar Tteches wi/e and 1 inch thick with a specific gravity - 7;8010 acqmr^ a spe- 
cifio cravity = 7'8621 when rolled out to very thin sheet, and iron of specific gravity 
7-793rac^iired a specific gravity = 7-8426 when drawn into very thin wire. 

^^Th?sproiflc heat of ordinary malleable iron is 0413795, ^d is somewhat higher 
when the amount of carbon in the metol is large. (Kegnault.) i 

The conducting power for heat is 374 3 compared with gold - 1000. (Uespretz.) 
iheLar anf cubical expansion by hrat (see Hext, in. 68 71) fo foLd 3 S 00 C 
of most other metals. The linear expansion for each degree between 100 and 300 0. 

h<»fttedfrom 20® C. to whiteness. (Rip man.) . , . , j a 

The melting point of malleable iron has not been determined \nth any de^e of ce^ 
tainty. Itisb^ween the melting point of cast iron and that of 
estimated at 1650® C. by Pouillet, and at 2000® C. by Scheerer, and there is no 
doubt that it is higher in proportion as the metal contains less carbon. ^ ^ 

Ihire iron is attracted by the magnet more powerfully than 
and it mav bo rendered magnetic; but it does not retain the magnetic rondition so long 
“TrJin ronSg some rarbon.’ Ordinary bar iron is also attracted “o™ M X 
than steel and is^more easily rendered magnetic, but loses the polar condition much 
sooner rimn s"trdoes. It appears therefore that the presence of a certain amount of 
carbon is in some way necessary for the retention of the magnetic condition by iron. 
Bars of iron placed vertically or nearly so become, in course of time, magnetic. 1 
magnetic condition of iron is very nearly destroyed by a red heat, and entirely so by 


*^he”le*^te'ronductivity of iron is much loss than that of copper. Tafang this as 
- 100 , thatof iron is = 20 (Harris), 16-8 (Becquerel), 17-74 (Lens). Matthies- 
sen considers that the electric conductivity of electro-deposited iron is much higher 


Electrotype iron 
Plate iron . 


ConductiTity at 0° C. 

Percentage decrement 
in conduclivity between 
0° and 100® C. 

Deduced 

conductiYity of pure Iron. 
atO® C, 


100 

[91-8 

72*8 

84*6 

38*3 > ' 

360 / 

111 « 
34*7 .V 

102-7 . 

102-1 

99-2 


The hardness of maUeable iron van^consiaerooiy; it « 

of foreign substances, and reduced by increase of temperature. jW 

slightiy increased by sudden cooling of the red-hot me^ ; the less so the s^ler he 
St S carbon cLained in it. A certain .^ount of carWeems ^”“*1 
hai^ess of malleable iron. Absolutely pure iron is so soft that it offers but httJ 

’^-rSi^ity of also varies widely, and is influenced by the nature “^^nUf 
foroh^ ad^ture in the metal, as weU as by ito internal text.^, 
bTXr ^itions. Up to a temperature of 146" C., the tenacity of boder plate i. not 
sensibly diminished ; but at a red hea 

* a. -A ioaO n a film 


pea neaii iv is ^ 

at 190® 0\ ifl a third greater than at the ordinary tempera^ ; but at a rea 

Skills tonlariy .S!e£S(Fairbairn. 



m HOPEITE— HOPS, OIL OF. 


When iftrougl^ hoaled, in which case it exhales the odour of bops (perha^ in conse- 
quenbe of retaining a small portion of essential oil) ; it possesses the ehaswteristie 
taste of hops. It has not been analysed. It is soluble in dcohol, but nearly insoluble 
in ether. Sy distillation it yields a considerable quantity of empyreumatic oil, but 
no ammoniam products. 

The tannin or astringent principle of the hop was for a long time regarded as iden- 
tical with gallotannic acid, and as capable of conTersion into gallic acid, and this 
change was supposed to account for the fact that old hops are not enable of darifying 
beer. But, according to A. Wagner, gallic acid cannot be detected, even in rery old 
hops quite unfit for making beer. He regards the tannic acid of hops as identical 
with morintannic acid, and finds that it amounts to between 3*2 and 6*7 per cent, of 
the hops. 

According to Payen and Cherallier, the active principles of the hop do not reside 
exclusively in the lupuHn, as was formerly supposed ; they found, indeed, that hop- 
cones completely freed from lupulin, still yielded about 26 per cent, of substances 
soluble in alcohol. 

To discover whether hops' have been sulphured, Wagner treats them with granulated 
sine, water, and pure hydrochloric acid. Any sulphurous acid that may be present is 
then reduced by the nascent hydrogen, and the liberated sulphur uniting with the 
hydrogen, forms sulphydric acid, which, if passed into a solution of nitroprussiate of 
sodium, generates a deep purple colour (ii. 267). This reaction will detect extremely 
small quantities of sulphurous acid ; larger quantities may be detected by the odour, 
by the precipitation of iodine from a solution of iodate of potassium, and by various 
other reactions. 

The ashes of hop-cones yield by analysis the following results : — 





Way and Ogaton.* 

H. Watti.t 




Bentley 

Golding 

Grape 

Grape 




variety. 

variety. 

variety. 

variety. 

Potash , • 



1108 

24*88 

26*66 

19*41 

Soda .... 



, , 


, , 

0*70 

•Lime , . « , 



1703 

21*59 

18*47 

14*16 

Magnesia . . , 



604 

4*69 

6*27 

6*34 

Alumina 



. . 



M8 

Ferric oxide . , 



1-86 

1*76 

'l*41 

2*71 

Sulphuric acid (SO*) . 



701 

7-27 

11*68 

8'28 

Chlorine 






2*26 

Silica .... 



22*97 

19-7 1 

9 99 

17*88 

Carbonic acid (CO*) . 



6*44 

217 

4*64 

11*01 

Phosphoric acid (P'^'O*) 



21*38 

14*47 

17-68 

14*64 

Chloride of potassium . 



6*46 


4*34 


Chloride of sodium . 




3*42 

0*12 


Charcoal and loss 



. . 



2*44 

• 



09*96 

99*95 

98*96 

100*00 

Ash per cent, of the dry substance 

8*07 

6*95 

7*21 


1 M V M fresh 



7*27 

5*22 

6*52 

6*5 


in© nops anniysea by Watts were grown on a heavy clay-«>il near Hawkhurst in 
Kent. The crop was rather above me average, viz. 12 ewt^M the acre. By eoin- 
pHring this amount with the analysis of the ash, it is fouJfthat the hops grown 
on an acre of ground extracted from the soil 87 pounds ^' mineral constitnents, 
including 12 to 13 oz. of phosphoric acid (P*0*), 17 lbs. potash (K*0), and 16 lbs. 10 oz. 
of silica. This is sufficient to account for the well-known exhaustive effect of this 
plant on the soil. (For the statistics of the growth of hops in this conntrv. see Ur^» 

iHcitonary of Arts, See., u, A60.) * ® 

A ^ cadmiferous zinc-ore from the calamine mines of Altenberg, near 

Atx-l^Caa[Mlle. It has not been completely analysed, hut appears to be a hydrated 
phosphate of nnc, ^ntaining a small quantity of cadmium. It forms transparent or 
tr^sluc^t prtos, belonging to the trimetric system, having a greyish-white colour 
and v\tre<^ liMtre. It occurs also in reniform masses and amorphous. Bpectfie 
gravity 2*76 to 2-86. Hardness 2*6 to 3. It is sectile. (Dana, ii. 419.) 

*®'*^®* Hop-cones or lupulin distilled with water, yield an essential ofl 




ntoHk 


TTmacity or tmtiU $iren^ of irotu 


Kind of Iron. 

Lengthwise | Crosswise 
in pounds per square inch. 

Ultimate exten- 
sion. 

Autiierftr. 

Lowmoor iron wire . 
Staffordshire bar iron 

Swedish bar iron 

64,200 
from 62,231 ) 
to 56,715 { 
from 48,232 ) 
to 47,856j 

52,490 

5 0^302 

1 0186 
j 0-264 
} 0-278 j 


Fairbairn. 
Kirkaldy and 
Nnpior. 


(See Kirkal dy, Trans. Instit. of Engineers in Scotland, 1858-9 ; and Tensile Strength 
of Wrought Iron and Steel, London, 1862. — ^Fair bairn, Brit. Assoc. Bejvort^ 1856.) 

The malleability of iron is very considerable, though less than that of silver or gold 
It is influenced by the presence of foreign substances which modify the hardness and 
tenacity, the degree of malleability being apparently determined by the relative hard- 
ness and tenacity, and to some extent ^so by its internal texture^ The mnUeabilify 
of iron is increased in proportion as its temperature is raised, inasmuch as it then 
becomes softer without its tenacity being proportionally lessened. At a red heat it is 
sufficiently soft to be brought to any required shape by hammering or rolling, and at a 
white heat it becomes quite pasty, so that separate pieces may be, as it were, kneaded 
together into one mass ; or, as it is termed, welded. This capability of being forged 
and welded, so important as regards the methods by which iron is wrought for various 
uses, is referable to the wide interval between the temperature at which the metal 
presents its ordinary degree of hardness, and that at which it becomes liquid ; aa well 
as to the fact that, at temperatures far below the melting- point, it acquires a soft 
plastic condition, which is retained in a greater or less degree through a considerable 
range of temperature. 

Among the foreign substances influencing prejudicially the nialleabillty of iron, the 
chief are sulphur, phosphorus, and silicon, Tne flrst communicates to it the charac- 
ter of being brittle while hot, or, as it is called, “ red short ” in forging. Phosphorus 
renders iron “ cold short,” or brittle and weak at the ordinary temperature. Silicon 
has a similar influence in a higher degree. Manganese seems to be beneflcial rather 
than otherwise as regards the malleability of iron. The malleabilitv of iron is con- 
siderably reduced by immersing it while red-hot in cold water, os well as by long con- 
tinued hammering and by rolling, but it is again restored by heating the metal to 
redness, and allowing it to cool gradually. 

The texture, or molecular structure of iron varies very considerably according to the 
treatment to which it has been subjected. After being melted, iron is decidedly 
crystalline or granular, and its fracture presents distinct indications of that condition. 
By hammering or rolling while hot, it acquires a fibrous or silky texture, becomes more 
tenacious, less susceptible of true fracture, and capable only of being tom asunder. In 
tlie usual method of producing malleable iron, it is not melted, but wrought 
mechanically while in a kind of doughy condition, and the uniform close fibrous texture 
which determines the quality of the metal depends much upon the nature of this 
treatment and the extent to which it is carried. 

By hammering while cold, fibrous iron is rendered harder and brittle ; when after- 
wards broken, it presents a granular or crystalline fracture, but opinions differ as to 
whether this crystalline condition be really a result of the hammering. This is also 
the ca.se with regard to the influence of long continued pressure, vibration, or Ooncussive 
action, in affecting the texture of iron, some maintaining that those conditions slowly 
destroy the fibrous texture, rendering the iron crystalline and thereby weaker. 
(Rankine, Proceedings of^nst. of Civn Engineers, 1843; Percy, Metallur^, ii. 8.) 

Malleable iron undergoes no change in dry air, or in water free fhom air ; but in 
moist air, or in water containing air, it gradually becomes oxidised or rusted, from the 
surface, inwards, until eventually the entire mass may ho converted into oxide. The 
carbonic acid present in atmospneric air appears to contribute largely to the production 
of this change. The presence of saline sub^ances in water alsofacihtates the oxidation 
of iron; wl^e alkalis, and oily or resinous substances, retard the oxidation. (Mallet, 
Action of air and water, ^c., wpon cast iron, wrouaht iron, and steel, Brit Assoc. 
Reports, 1838, p. 253; 1840, p. 221.) Contact with more highly electro-poritive 
tnetals, such as zinc, also hinders the oxidation of iron within a certain distance 
around the point of contact. 

At a temperature about 230^ C., iron becomes citable of combbing directly with 
atmospheric o^gen, and the polished surface at first becomes covered with an 
»^mely thin film of magnetic oxide, of a yellow colour which gradually passes into 
blue, and grey. At a red heat this crust of oxide— /owe beocmes thicker, 

and gradually passes at its outer surface into ferric oxide. At a white heaty iron hnnii 


HOBDEm^HOENBLENDE. m 

odour of thyme, and consistii^, according to R. Wagner (Dingl. poL JT, 
exxv^ 217^ of a hjibocarbon iaomeric with oil of turpentine, and an ozy^ated oil, 
apparently identical with raleri^ and convertible by oxidation into valerianio 

ad^ and perhaps also some of its higher homologues : hence the odour of old cheese, 
which hops acquire by keeping. The non-oxygenated oil is not altered by contact 
with the air, but the greater part of it is gradually dissipated by volatilisation. 

According to Personne (J. Pharm. [3] xxvi. 2419; xxviL 22), lupulin distilled 
with water, yields valerianic acid and an essential oil lighter than water, colourless 
and neutral after rectification, but becoming acid and resinous after some time. It 
begins to boil at 140° C., but the boiling point gradually rises to 300°. The portions 
distilling between 150° and 160°, and those which distil at about 300°, appear to have 
the same composition, viz. C"H'*0. Both these portions of the distillate turn the 
plane of polarisation to the right ; remain fluid at — 1 7° ; dissolve without red colour 
m sulphuric acid ; are converted by nitric acid into valerianic acid and a resinous sub- 
stance; and when let fall by di*ops on melting caustic potash, yield a hydrocarbon, 
and valerate of potassium. Hence, Personne regards the volatile oil of lupulin 
as analc^ous to essence of valerian, which, according to Gorhardt, consists of borneene, 
(i. 626), and valerol, C*H**0. The hydrocar^n from oil of hops is not, however, 
identical with bomeene, inasmuch as it cannot bo converted into borneol. 


BOlWliXSQr, Barley-starch obtained by kneading barley-mcid in water, and leaving 
the liquid to settle, does not dissolve completely when warmed with acidulated water, 
but leaves a pulverulent substance, to which Proust gave the name hordcin. It ap- 
pears, however, to be, not a definite substance, but a mixture of starch, cellular tissue, 
and an azotised body. 


BOBUBUHC VUXiOABB. Barley . — The composition of the grain of barley, as 
determined by various observers, has been already given in the article Cbabals (i. 826); 
also the composition of the ash of the gniin, and of the straw and chaff, as determined 
by Way and Ogston, showing the limits lietween which the amounts of each constituent 
was found to vary. The following table (p. 168) contains a more detailed statement 
of the results of these ash-analyses. 


BOBB. See Hobny Tissue (p. 170). 

Amphibole. — A mineral which plays an important part in the 
composition of rocks of the primitive and transition periods, llornblende-rock and 
hornblende-slate consist almost entirely of it, and, in diorito (greenstone), syenite, 
hornblende-gneiss, &c., it enters as an essential constituent. 

Hornblende forms prismatic crystals belonging to the monoclinic system. Ratio of 
axes, a b : e, =» 1’837 : 1 : 0*6401. Inclination of the clinodiagonal (A) to the 
principal axis (c) = 7510°. The angle wP : ocP = 66° 30^ +P : +P in the 
clinodiagonal principal section ■■ 148° 30'; oP : ocP =» 70° 69'. Ordinary combination 
. [ QoP 00 ] , + P . oP . 55G«.) Twins with face of comr>osition parallel to ooFse 

as in the figure. Cleavage perfect, parallel to ooP. It is * 

also found imperfectly crystallised ; fibrous or columnar, coarse 666a. 

or fine, with fibres often like flax; sometimes lamellar, also 
f^^nular, coarse or fine, and usually srrongly coherent; some- 
times friable. Hardness 6 to 6. Specific gravity 2 9 to 3*4. 

Lustre vitreous to pearly on cleavage- faces ; fibrous varieties 
often silky. Colour varying from black to white, through 
vanoM shades of green, inclining to blackish-green; common 
nomblende, which contains much iron, is nearly black. Streak 
uncoloured or paler than the mineral Sometimes nearly trans- 
parent, usually translucent to opaque. Fracture subconcboidal, 
uneven. 

The chemical composition of hornblende was formerly repre- 
sented, in accordance with the results of older analyses, by the 
g<*neral fomuU 6M’0.6Si0* (or 4MO.SMO*) ; but Ilam raels- 

i-Mineridckemie, pp. 426, 494,) has shown, by comparison of the more recent 
enaly^ by himself and others, that ail hornblendes are mctasilicates, of the general 
M*SiO*. The metals included under the general symbol M 
calcium, magnesium, iron and sodium, sometimes also manganese and potassium, 
s ^ replacing one another isomorphoosly, mve rise to a great number of 

uostatices differing considerably in composition as weu as in colour and other physical 
prop^ieg. A further variation is caused by the presence in many varieties of 
i« place of the protoxides IrO, for the amount of the latter 



f<mnd to in inverse proportion to that of the alumina, but in place of a eertam 
w silica, and in such proportion, according to Bonsdorfl^ that 1 at SiO^maj 
'®8™ed as iaomorphously repla^ lat Al*O*(2JH0* by SAPC^ but aoeoiding 



IRON, 


in the air, with production of magnetic oxide, and this combustion may be sustained 
for some time by directing a blast of air uwn the metal. 

At a temperature about 360® C. iron decomposes water rapour, forming magnetic 
oxide and liberating hydrogen. ... 

Pure iron dissolves completely in moderately dilute acids. ^ Ordinary malleable iron 
dissolves completely in strong hydrochloric acid : but with dilute acid a carbonaceous 
residue remains undissolved. In both eases also the hydrogen evolved carries with it 
carbonaceous, vapour, which communicates to it a peculiar smell. 

Malleable iron generally contains from 0*26 to 0*6 per cent, carbon ; sometimes the 
amount is much less. The smaller the amount of carbon, the softer is the iron, and 


Analyses of best qualities of Foreign Malleable Iron. 


Source 1 

Analyst 

MwedUh. 

6«terby.|Oyringe.J 1 

oo I ® 1 @ 1 

Silesian { 

Rybnik. 

Russian iron. 

CCKD 1 K. 3 KB 

Swedish. 

Kloster. 

MSgdniwvng. 

Danne- 

RMnra. 

Henry. 

Kartten. 

Henry. 

Bromeis. 

Schsf. 

hlutl. 

Iron . 

99 - 8 fi 3 

99*220 

99-544 

99 * 7.3 

99-873 

99*412 

99*.594 

98 605 

98-88 

99*13 

98-78 

Carbon. 

0*054 

0*007 

0007 

0^ 

0*090 

0272 

0*340 

0386 

0*40 

006 

OM 

silicon . 

0 028 

0056 

0*115 

0*03 

0 030 

0*062 

trace 

0*252 

0*01 

trace 

0*12 

* Sulphur . 

•0 066 

*0 632 

•0-220 


0007 

*0-234 

*0 066 

•0 767 

trace 



Phosphorus 

trace 

0-006 

0034 

trace 



. . 

trace 

. . 



M.HiKiuitise . 

trace 



trace 


0020 

trace 

trace 

0*30 

029 

00*5 

Copper . 




. , 

, . 


, , 

. . 

0-32 

0*05 

0*07 

Arsenic . 


trace 

trace 



trace 



• • 

- • 

002 


100-000 

100*000 

100-000 

100000 

100*000 

100*000 

100*000 

100*000 

99*91 

100*13 

99*88 


Analyses of British Malleable Iron. 



South Wales. j 

Shropshire. 



Fuddled bar. 

Best bar. 

Works 


Dowlais. 



Analyst 

Schafhautl. 

Riley. 

Price. 

Iron • • 

98-90 

7-72 

98-64 



Carbon . 

041 


not estimated 

Silicon 

0-08 

0*26 

0-13 

0-18 

0-18 

Sulphur . 

, , 

0-21 

0-06 

0-06 

0-03 

Phosphorus . 

0-40 

0-71 

0-42 

0-87 

0-80 

Manganese 

0*04 





Manganese, nickel > 
and cobalt . . ( 

• • 

0-03 

0-22 


trace 


99*83 

100-00 

100-00 




Armour and Boiler Plate. 


Works 

Analyst 

Lowmoor 

Thames 
Iron Coy. 

Beale & Co. 

Shortridge 
fc Howell. 

# 

Weardale. 

Ruisell's 

Hall. 

Tookoy. 

Percy. 

Percy. 

Percy, i 

5^ i*ercy. 
^ Gloire. 

Percy. 

Henry. 

Iron 

Carbon . 

Silicon . 

« Sulphur 
Phosphorus . 
Manganese . 

Nickel . 

Cobalt • * 

{Specific gravity 
Tensile stren^ . 
Relative resistance) 
to punching > 

99-372 

0016 

0-122 

<K)104 

0106 

0-280 

trace 

trace 

0-088 

0160 

<K)121 

0178 

0-029 

trace 

0-044 

0-174 

<»0118 

0^28 

0-260 

trace 

6-230 

0-014 

♦0-190 

0020 

0-110 

trace 

0143 

♦0058 

aoso 

0-170 

0-110 

♦0068 

0 089 

0-330 

trace 

99-361 

0-190 

0-144 

*0-165 

0-140 

ipo-ooo 






100-000 

7-8083 

24-644 

1000 

7-7036 

23-364 

907 

7-6322 

24-171 

873 

7-9042 

27-032 

1168 

. . 

• • 

. • 


« The results to which this maik * is put ere probebly much too high. See Estimaiion etf Suiflkur^ IKTS* 
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the larger the amount, the nearer does it approximate to the character of ateeL The only 
iron that is probably quite free from carbon is that known technically as “ burnt 
which cannot be soundly welded. Hence it has been supposed that the capability of 
being welded is determin^ by the presence of carbon in iron. There are, howeyer^no 
^ood re^ns for this opinion ; it is more probable that the peculiarity of burnt iron 
18 only indirectly due to the absence of carbon, and is determined by the presence in 
the metal, of a minute quantity of oxide, which could not have been introduced so lonir 
as it still retained any carbon. * 

Among the foreign substances, other than carbon, present in malleable iron, the 
most important are sulphur, phosphorus, and silicon, existing probably in combination 
witli equivalent proportions of the metal, as sulphide, phosphide, and silicide. 

Sulphur is generally present to some extent in malleable iron, and, even when 
amr anting to only 0*034 per cent., has the effect of rendering it “ red short,” and 
iial le to crack at the edges in forging. It has been considered that 0*01 per cent, is 
the highest amount consistent with the usefulness of the iron. (Kars ten, Handbuoh 
der Eiseuhiitieulcunde, 423.) 

] Phosphorus is also frequently present, and, when amounting to 0*75 per cent., renders 
the iron very weak and brittle at the ordinary temperature, or, as it is called, ”cold 
short.” In smaller amount, it is considered to be serviceable in rendering the iron 
more capable of being welded. (Karsten, op. cit.') 

Silicon renders iron harder and lessens its tenacity, making it what is termed 
“ rotten” in working, even when present to the extent of only 0*37 per cent. 

Manganese is considered to render iron harder, but not to make it steely. ' 

Copper \B considered to render iron “red short,” and to reduce the capability of 
being welded, without however affecting the tenacity of the metal. 

It may, hoWever, be safely said that the evidence upon which the above opinions, as 
to the influence of these admixtures upon the character of malleable iron, are founded, 
is much too slender, and it is very desirable that this subject should be more thoroughly 
investigated. ^ ^ 

The characters of steel, and the methods of manufacturing it, will be treated of in a 
separate article. 

Caat Zron, Pig Iron {Boheisen ; Gusseisen ; Fonte).— There are two essentially 
distinct kinds of cast iron, viz. grey and white. 

Grey cast iron ( Graues Itohcisen ; Fonts grise) varies in colour from pale to dark grey. 
It has generally some slight degree of malleability ; but is harder and more brittle than 
malleable iron. Its texturo is g^nular ; sometimes veir flne-grained, sometimes coarse- 
8™^od at the fracture, with minute particles of graphite visible throughout the mass. 

White cast iron {Weisses Rohdsin, Fonts blanche) varies in colour from that of tin 
to pale grey. It is very hard and brittle ; of crystalline lamellar texture, and some- 
times vesicular. The fracture is shining, and varies from lamellar to compact and 
conchoidal, in proportion as the colour varies from tin-white to grey. The most 
chwacteristic variety is called specular iron {Spiegeleisen ; fontes laniclleuses). 

The speciflc gravity of grey cast iron is, on the average, 7*1 ; that of white cast iron 
IS, on the average, 7*6. 

Grey cast iron melts at about 1600° C., and more easily in proportion as the 
amount of carbon it contains is peater. White cast iron melts at a lower temperature; 
but It does not become so liquid when melted as the grey cast iron, which passes sud- 
“* 0 ® the solid to the liquid state, while the white cast iron remains in a pasty 
state for some time. Melted cast iron dissolves malleable iron, and is thus renaer^ 
tougher and stronger than orimnally (toughened cast iron). White iron, when cooled 
’'^ery gradually from the melted state, is converted into grey cast iron. Grey cast iron, 
on contraiy, when very gradually cooled from a melted state, is not altered except 
in becoming softer and more malleable; but when rapidly cooled, it is converted into 
white cast iron, more or less completely in proportion as the amount of carbon it con- 
tains IS greater or less. On this account the outer surface of a casting has a hard crust 
fh * ® called, in consequence of the more rapid cooling of that portion of 

the mel^ metal which comes in contact with the sides of the mould, and its conversion 
into white east iron. This effect is often augmented, in practice, by lining the mould 
With iron plates, so as to facilitate the rapid cooling of the outer portions of the casting, 
and prodQce a layer of white cast iron, from J to J an inch thick, while the interior 
etains the condition of grey cast iron, thus combining the particular advantages of 
^ “ regards hardnes-s, and of grey cast iron as regards strength. 

It has been observed that in largo masses of cast*5ron there is an inequality in the 
^ount of carbon contained in the metal at the exterior and interior portions. In 
asses whifch have been gradually cooled from a melted state, the centre portion con- 
ains less carlwn than the exterior portions. There is also a ftirther difference as to 
e roimition in which the carbon exists. At the centre, the relative proportion of 
graphitic carbon as compared with combined carbon, is greater than it is at the exterior 
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to Ramm^bofg; in the proportion of for SSiO* or .Al* for 8i*, th« qiuuitity of 

oxygen in the acid conetituent of the mineral remaining tmidtered. 

!&ny Tariedes of hornblende likewiee contain small quantities of fluorine^ mbahly, 
according to Rammelsbeig, in the form of a double fluoride of siUoon and caloium^ or 
magnesium. Titanium is also sometimes present in small quantity. 

The pale yarieties of hornblende containing no iron fuse readily before the blowpipe^ 
with intumescence^ forming a glass which is either transparent or exhibits ranous 
degrees of translucence down to milk-white opacity. With borax they form a colour^ 
less glass. The lighter coloured ferruginouB yarieties fuse alone, with more or Jess 
dilficulty, to a dark yellowish glass, and giye with borax a transparent glass tinged with 
iron, ihe darker green varieties afford a deeper iron colour. Hornblende containing 
alumina and a little iron, acts much like tl^e non-ferruginous yarieties ; but the black 
varieties fuse to a brilliant black bead and give with &»rax a glass tinged with iron* 
Anth&phylliU melts with difficulty to a glass coloured by iron. 

The following are analyses and descriptions of the principal yarieties of honi« 
blende. 


I. 

Tremoiite : 

Hornblendes with litUe or no Alumina. 
StO« MgO CaO FeO MnO APO* 

Lom bf 

1. St. Gothard, white * 

. 57 72 

27 45 

13*95 




5*33 


2. Goiivenieur, N. Y. . 

. 57-40 

•25*69 

1.3-H9 

1*36 

. . 

b*S9 

0*40 


3. Greenland, A'rri’niiA white, 

. 64-71 

23 9‘i 

I5‘(;6 

2*41 

. , 

. . 

3*:43 


4. Tyrol, Asbestoe . 

. 57-50 

93*09 

13*48 

8*88 

, . 


2*36 


Actinolite ; 

\ Ari>ndal, grey-green , 

, 5677 

31-48 

13*56 

5*88 

. . 

097 

2*20 


6. Ht.‘laingfor«, ,, • • 

57*20 

9*45 

2T20 

11*75 

1*15 

0-20 



AtithophyUite : 

7. Kongkbftrg, Norway . . 

56-74 

24*35 


13*94 

2*38 

. . 

1 67 


8. Kupferberg, Bavaria . 

6.S-59 

30-46 

1*76 

8*40 


4 03 



9. Terth, Upper Canada 

67 60 

29- .30 

8*55 

2*1(1 

. . 

320 

3*55 


10. Cummington, Maai. • 

50*91 

10*30 

. . 

32-60 

. • 

0*92 

8*04 

Na>0 

II. Ural, Asbestoa . . 

58*72 

30*90 


8*10 

, , 

0*19 

1*58 

065 

Cummingtonite : 

12. Cummington, Mail. . • 

48 91 

2*35 

200 

. . 

46 74 

. . 

. ^ 


13. „ „ . . 

51*31 


•i98 

4*34 

4-2-65 


. . 



« d9>4S 
a- 90'lt 
« 99‘4S 
bIOO'SS 


ilOOM 

kIOOM 


- SS'OS 
»t00-S4 
« 99 SO 


j - 9S-4S 
■ »»*4ft 


■ 100*00 
■ toils 


l.a S Rammclsberg (Pogg. Ann. clli. 273, 4S5 ; Mmerakhemie, p. 463) — 4. Scherer (Poff. 
Ann. Ixxxiv 5. liammeitiberg (/uc. ci'r).— 6 Popuing (Ben. Jahretbor. xxvii. S59^~7. 

Viipeltua (Poug. Ann. xxii. .358).— 8. Sackur (Keinmeltberf'i M infra Ichtmif, toe. eft ). — 9. 
T li o mao n (Rh;. Gen. Scl. xvil.).— 10. Smith and Bruih (Sill. Am. J, [2] xti. 318).— 11. H ei nt 8 
(P(>K8- Aiin.lviii. 1G8).— 12. Hermann (J. pr. Cheat, xlvii. 7).— iX Schlieper (Sill. Am. J. [23 Ix. 
410). 

a. Trenxolite or Grammatite, |^^,/^,|si*0**sB»Ca"'SiO*.3Mg"SiO*', is white, or with a 

pTf'ylsh, greenish, or yellowish tinge. Crystals often in long slender blades, either 
(liNtjiict and traversing the gangue, or a^regated in columuar and radiated masses. 
Specific gravity 2*93. Transparent or translucent. Found in the Tremola valley* 
S'Aitzerland, and on the St. Gothard, in granular limestone or dolomite ; in the Tyrol, 
the Bannat, at Qiilsjo in Sweden, &c. Cafamite is an asparagus-green variety of 
tromolite, found in prisms in serpentine, at Normarken in Sweden. 

b. Actinvlite {AcUnote, StraMatein ). — This name includes hornblendes which are 
isomorphous mixtures of metasilicates containing chiefly magnesium, calcium, and 
iron, their general formula being (Mg; Ca; Fe^SiO*. Aefinolite occurs in bright 
c^D, bladed crystals, or columnar forms ; if in distinct rays, it is called glaaay aefino^ 
ate. The crystals are long slender prisms, breaking easily in the transverse direction. 
Specific gravity usually between 8*02 and 3 05. Aclinolite occurs at Greiner in the 
Zillcrthal; at Arendal in Norw^; at Helsingfors, and several other places in Finland; 
at Tabeig in Sweden, and in Pennsylvania, Uaphiliie is an asbwtiform actinolite 
from Lanark in Canada. 

Aabfaica (i. 415), when of a white colour or some light shade, is usually a fibrous 
variety of tremolite or actinolite. The darker specimens are varieties of anthophyllite, 

c. Anthophytlite. — This variety occurs in masses of a fine columnar structure, or made 
up of acicular fibres of brown or greyish brown colour, often with submetallic JuHtre. 
^pt'cific gravity 2*9 to 8*16. The cleavage affords prisms of 124^ 30', like other varie- 

of hornblende. Anthophyllites are found at Kong8l>erg in Norway, Kupferberg io 
Bavaria, Perth in Upper Cacada, and Cummington in Massachusetts. 

The hornblendes included under this name vary considerably in compcsitioii ; that 

from Kongsberg consists of [ Si*0'*, or Fa'’SiO*,3Mg''SiO* ; that foom Kupferberg 

^>ntains twice as much magnesia, its formula being Fe'^SiO’.OMg^SiO’. The minerals 
Canada and Massachusetts are aitorod anthophyllites, the latter being approxi* 
nnte\y represented by the fonnubi, Mg"8iO*.3Fe"8iO*. 
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ito latter difference wm be iMwmaAed in 

S^ranSiy Sed at the enrface. In one jna^ce rfiron caat in an non aonld. 
»Air^&Mt«n. the following results were obtained. 


Graphite. 

8*2469 

3*1941 


*' Total quantity Combined 

,v- of carbon. carbon. 

Csit iron before melting . . • * * *6-0929 

Outer white p^ion of casting . . ?o??2 ‘ * O-filOB 

Inner grey portion of casting . . 3*8047 . . « 0 6106 

The main chemical difference between white and grey cast iron consists in the state 
in which the carbon they contain exists. In spec^^ iron, the whole of the carbon is 
^th iron whUe in the most characteristic kind of «ey c^t iron, when solid 
^^east, the greater part of the carbon is merely mixed with the ^n, in the state of 
^phS, and only a portion of it is in a state of combination. Between these two 
Sne^ there are a variety of intermediate states m which white and grey c^t iron 
1x6 mixed together in various proportions, constituting what is known as mottled cast 

iron(hallnrte8 Gusseisen; fonte truitie). ^ « 

The hardness and strength of these varieties of cast iron differ considerably , as a 
rule the grey is stronger than the white, and this again is harder than the grey. 
White cast iron is, however, too brittle to be used for structures, except for the purpose 
of coating the surface of castings with a hard crust or skin, by casting in moulds lined 
with metal (chiU casting). (Eankine, Civil Enaineenng, p. 499 ) ^ 

^ The tenacity of cast iron is very much less than that of malleable iron , out its 


Kind of Iron. 

Direct Tenacity. 

Resistance to 
direct crushing. 

Modulus of 
rupture of square 
bars. 

Modulus of Elas- 
ticity. 

In pound# per square inch. 

Cold blast 

Hot blast 

Toughened cast iron 

from 12,694 
i to 18,866 

' from 13,434 

: to 23,468 

from 23,461 
/ to 26,764 

66,466 

102,408 

72,193 

104,881 

129,876 

119,467 

36,693 

39,609 

29,889 

43,497 

14,000,000 

17.036.000 

11.639.000 

22.733.000 


The strength of cast iron is increasea Dy remeiung, oui reuuet-u wucu cut; lo 

repeated several times. At very low temperatures it becomes more brittle and weaker. 
(Fairbairn and Hodgkinson, Ee-port on the Aj^plication of Iron to Eailwag 

Structures, p. 266.) - 

The specfec heat of specular iron « 0*12983, that of ordinary white cast iron 

0*12728. (Regnault.) , .i. ^ ^ n • 

The linear expansion of cast iron by heat is greater than that of malleable iron, 
amounting to between 20® and 660° C. (red heat), and ^ between 20° and a 
white heat. (Rinman.) 

Pieces of cold cast iron thrown into the melted metal sink to the bottom ; but when 
they have a temperature near the melting point, they float on the surface of the melt^ 
metal. Hence it woidd appear that some degree of contraction takes place in the 
passage from the solid to the liquid state. This character of cast iron is important as 
regards its application to casting : for the increment of bulk attending roudiflc»tion 
ensures the perfect Ailing of the moulds at that moment, ai&^e production of sh^, 
well-deflned castings. But the greatest amount of expansion®! contracUon takes place 
just below the melting point. On account of this contraction between a temperature 
near the melting point and the ordinary atmospheric temperature, it is necessaiy to 
make the moulds for castings proportionately larger than the castings are required to 
be. The contraction of grey cast iron amounts to about 1 per cent. ; that of white c^ 
iron is from 2 to 2*6 per cent, of the linear dimensions. The allowance gene^y 
made for this “ shrinkage” in casting is ^ or one eighth of an inch in a foot, Cast 
iron undergoes a permanent increase of bulk under the long-continued influence ox 
heat. (Percy, MetaUurgy, il 872.) , ^ 

^ll^ite cast iron exposed to oxidising influences at the ordinary temperature, rusts 
much more slowly than grey cast iron, and this again, provided it does not oontaui 
much sulphur or other readily oxidisable substances, more slowly thanmaUeaWe iron. 
Specular iron is but very little liable to oxidation. .j* . 

At an devated temperature, grey cast iron becomes coloured by oxidation sooner 
than malleable iron; white cast iron on the contrary becomes coloured even sooner 
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A n«».mi^tomte i« a roae-red 'granular horablenda fiSonl Cin^i^ton, Miu«». 
if' ™wflc Braidt^-42, and conaiating of manganoua aihcate, lIn"SiO»r^ 

® is a black mineral found in Q^nla^, endia- 

Ivte It waM formerly regarded as a variety of hornbleode, with whi^ indeed it i« 
i^morphous ; but» according to Raramelsberg, it is a distinct species, whose formula ig 

2(lP0.Si0‘) + Fe’0*.3Si0>, or Si*0-‘ Eammelabeig’s analysis gives 51-22 p„ 

eeatSm 23-75 Fe‘0’ 780 FeO, 1-12 MnO, 2-08 CaO, 0-90 MgO, 10-68 Na’O, oes 

K^o] 0^16 water, and a trace of alumina. 


II. Hornblendes containing Alumina, 



810* 

TiO* Al*0» 

O 

o 

MnO MgO 

CaO 

t. Ornnge Co., N. Y., 

j 61-67 


6*75 

2-86 . . 

. . 23*37 

12*42 

limpid cryataU 

2 . Brovlg, Norway, 

] 42*27 

1*01 

6*31 

6*62 9172 

1*13 3-62 

9-68 

bietek 

$. Veaufiua . 

s 

39’92 

]4*I0 

6 00 11*03 

0*30 JO-72 

12*62 

4. Pargaa, Flnlandt j 
green .'J 

8. Vttd, greenish black 
«, Val de Bove, Etna 

f 4612 

, , 

7*56 

. . 2*27 

, . 21*22 

J3*70 

44*24 

40*91 

1-Oi 

8*85 

1368 

813 11-80 
. . 17*48 

. . 13*46 

. . 13*19 

10-82 

13*44 


Na*0 K*0 F 11*0 
0*75 0*81 . . 0*'<Gs98 ]| 

3-U 2 05 . . 0*48s«?g*63 

0*55 3*37 . . 0*37=»98-9fl 

2*48 1*29 2*76 l*J0=r98*3O 
208 0*24 0*25 0*39s98’27 
0*86=99 M 


1—5. Rammeliberg iMineralchemie, p. 430).— 6. v. Walterihaiiien Gesteine). 


The minerals included under this head are mixtures of the isomorphous compounds, 
M’O.SiO*. Fe*0* 3Si02 and 3M 0.2AFO* (Rammelsberg.) 

Common Hornblende , — This name is applied to the dark green and black aluminous 
rarieties, whether in crystals or massive. Specific gravity 3 ’1 to 3*4. The name alludes 
to its toughness . — Carinthin is an aluminous and ferruginous hornblende from Carin- 
thia. Specific gravity 3*127. 

Uralite, from the Ural, has the cleavage structure and composition of hornblende, 
but the external form of augite, and is regarded as a pseudomorph. The two species 
are variously mingled in different specimens, showing the change in different stages of 
progress- 

Diastatite is a hornblende from Wermland in Sweden, differing, according to Breit- 
haupt, from common hornblende, by a degree in the angle of the prism. Pargasite 
includes crystallised varieties (crystals usually thick and stout) ; of high lustre, and 
rather dark shades of green, it is also granular. 

Fine specimens of the dark-coloured hornblendes occur at Aussig and Treplitz in 
Bohemia ; Tunaberg in Sweden, and Pargas in Finland. In Corsica there is found a 
variety of hornblende ( Verde di Corsica duro) which admits of a high polish. 

Altered forms of Hornblende , — ^Alterations of hornblende are mostly like those of 
• augite. Varieties often occur, containing water of hydration, especially asbestiform or 
anthophyllite varieties. The ferruginous change by oxidation is common, and all 
varieties ore exposed to alteration from infiltrating waters, holding carbonates, sili- 
cates, &c., in solution, thus giving rise to magnesian, ferruginous, magnesio-ferruginous 
(chlorite), alkaline, or aluminous forms. Talc, steatite, serpentine, chlorite, mica, 
pinite, chabasite, limonite, magnetite, occur as hornblende pseudomorphs. 

BOlUrBXillVBB-KOCaL is a rock consisting either wholly of hornblende or of 
that mineral mixed with quartz, and occasionally containing mica, iron pyrites, 
magnetic iron ore, and garnet. Homldendc-slate is a slaty variety of homblendo 
rook. These rocks belong to the oldest formations ; they seldom form extended beds, 
occurring more generally in masses subordinate to granite, gneiss, &c. 

BOBir-BBAB. Cerasine. Native chlorocarbonats of lead^ FbCP.FbCO’, so 
called from its external resemblance to horn. 

BOBir-^VZOXBZBVBB. Native sub-chloride of mercury.|^See Muicuut.) 

BOBB-aZBVlOt. Native chloride of silver. (See Silybb.)* 

BBBBSTOirB. A variety of quartz resembling flint, but more brittle, and with 
a more splintery fracture. It is often called Chert. It is often found as a petrifaction 
on w(K>d, and is used for making mortars and varions other articles. 

HOBBY TZBSira. Epidermose , — The epidermis of animals, hair, wool, silk, 
feathers, nails, claws, hoofs, horn, scales, &c., are composed, for the most part, of a 
substance containing less carbon, but more nitrogen and sulphur than the albuminoids. 
The epith^om which coats the internal cavities of the ftTiimH) body, is also similarly 
constituted. 

The substance, called homy tissue or epidermose, which forms the basis of all these 
structures, is obtained, though very far from pure, by exhausting the parts containing 
it with boiling alcohol and other, after they have been comminut^ as much as 
poMible. This treatment removes the fatty matters, t<^etber with the greater part 
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ibaa When oast iron ia heated to redneea in the air, the carbon it contains is 
first oxidised and the metal rendered more or less malleable ; then a oruat of 
oxide is formed^at the sni^sce and gradually increases in tMckness as in the ca^ of 
malleable iron. Grey cast iron is most slowly oxidised in this way, and becomea 
porons and friable a^r abstraction of its carbon. White oast iron is deoarbcmhed 
^re rapidly, and acquires a malleable steely character. Upon this fact is bssed 
the manufacture of malleable cast iron, which consists in heating to redness the 
castings, while imbedded in powdered ch^, charcoal, or oxide of iron, so as to be par- 
tially protected from the oxidising influence of the air. 

Cast iron melted in contact with air becomes covered with a crust of oxide, and by 
removing this crust from time to time, it may be entirely converted into oxide. If the 
crust is allowed to remain in contact with the melted metal, tliis gradually becomes 
decarbonised, steely and less fusible. White cast iron heated in contact with air till 
it assumes the pasty condition, is decarbonised much more rapidly than by mere heating 
to redness, and passes from the steely condition to that of pure iron, without so great a 
degree of oxidation as takes place when the metal is melted. The most important 
method of manufacturing malleable iron is based upon this fact (puddling). 

Cast iron molted under soda, potash, lime, or magnesia carbonates, is ^dually de- 
carbonised, and may be wholly converted into malleable iron, if the heat bo raised M 
the iron becomes less fusible. 

Atmospheric air forced into melted cast iron oxidises the carbon and silicon, af 
well as part of the iron, and converts the remainder into malleable iron. The temperac 
turo produced in this way is sufficiently high to determine the fusion of the wholly 
decarbonised iron. (See Steel.) 

White cast iron heated with concentrated hydrochloric acid is entirely dissolved ; 
but grey cast iron, treated in the same way, leaves a residuum of graphite. In both 
cases the combined carbon enters into combination with a portion of the nascent 
hydrogen eliminated by the solution of the iron, forming volatile oily hydrocarbons, 
the vapour of which communicates a peculiar smell to the gas evolved. This oily 
substance, which appears to be of a nature analogous to petroleum, also ooUects as a 
thin film on the surface of the acid solution. 

The action of dilute hydrochloric acid upon cast iron is somewhat dififerent 
Specular iron is acted upon very slowly at the ordinary temperature, but with the aid 
of heat, both it and grey cast iron are readily dissolved. Ine hydrogen evolved has 
the characteristic smell, but the amount of the hydrocarbons formed appears to be 
smaller than when concentrated acid is employed. White cast iron leaves a bulky 
dark-brown carbonaceous residue, which is soluble in potash, and, when washed and 
dried is very readily combustible, leaving a black residue containing silica (Daniell, 
Journal of Science and the Arts, ii. 278). Grey cast iron leaves a residue consisting 
partly of graphite, partly of a carbonaceous substance similar to that obtainable from 
white cast iron, and, partly of a black carbonaceous substance which is magnetic, takes 
fire by contact with the air, and leaves when burnt a residue of ferric oxide. 

Cast iron is slowly acted upon by sea-water. Cannon balls that had been lying in 
the sea off the coast of Normandy since 1692, were found to have lost two-thirds of 
their original weight, contained no metallic iron, and were converted into a substance 
that could be cut with a knife (Deslongchamps, J. Chim. xiii. 89). Cannon 
bally taken from vessels sunk fifty years before, near Carlscrona, were found to be 
Pjirtly converted into a grey porous graphite substance, which after exposure to the 
air for a quarter of an hour, became so heated that the adherent water was converted 
into steam (Berzelius, GmelirCa Handbook, v. 218). The substance remaining after the 
action of sea-water, appears to be similar to that remaining, mixed wth graphite and 
the bulky carbonaceous residue, after dissolving grey cast iron by dilute hyarochloric 
acid, and which Karsten regards as a compound of iron with three equivalente of carbon. 
Berzelius considered this solution of cast iron by sea- water to be due to the coqjoint 
action of carbonic acid and oxygen. The solution of cast iron takes place at j^Uees 
where it is exposed to the combined influence of fresh water and sea-water by tides 
more rapidly than in sea-water. (Mallet, op. cit.) 

The solution of cast iron takes place at places where it is exposed to the combined 
influence of fresh water and sea water, by tides more rapidly than in sea water. 

The maximum amount of carbon in cast iron is met with in specular iron, vaiying 
from 6-76 to 6*24 per cenL Bromeis and Percy consider that the manganese present, 

^ far as is yet known, in all specular iron containing as much as 6 per cent, carbon, is 
in some way essential to this high proportion of combined carbon. 

In grey cast iron the amount of carbon varies, as a general nile, between 2 and 4*fl5 
per cent. ; in white cast iron it is from 8*6 to 6*75 per cent ; but the difference between 
'»'hitfl and grey cast iron is more intimately connected with the state in whudi Hi# 
«^riion oxistf^ than with the amount of this substance. 
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the ealte iad odier ibreign matten^ hut it doea not ensure the perHeot heBiogBtte% «f 
the ondlaBolTM reeidue. It ia known, indeed, that die homy UMuee are eompoaed it 
a number of superposed layers, cell-widle and nuclei, which are perhaps not a& of the 
same nature, but yet cannot be separated by the solTents above mentioned. 

The substfUQce uius obtained firom the varioua homy tisBnee, has been analysed by 
Hulder, Scherer, Fr^my and several other diemists, the resets of whose anaSysei^ 
though not agreeing very closely, still show that the substance forming the basis of 
these several tissues has, in aU probability, the same chemical compositioii. 


(I.) Scherer.* 


Epidermii Hair of 

Hair of 

Horn of 




Beard 

Llnlnt 

of Sole Beard. 

Head. 

Buffalo. Nmila 

Wool. 

Quills. 

of Membrane 

of Foot. 





Feathers. 

of Em, 

Carbon 61 '0 60*0 

49'9 

61*3 60*4 

60*0 

617 

ei-s 

M'O 

Hydrogen 6*8 6*7 

6*6 

6*7 

6*8 

7*0 

7*2 

7*1 

6*6 

Nitrogen 17-2 17'9 

17*9 

17*2 16*9 

177 

17 9 

17*6 

18'8 

Sulphur . . . , 

. 

, 

. 

. 

. • 

. 

• • 

Oxygen . . . . 

• • 

. . 

' 

* • 

' • 

* • 

• • 

(«.) (a.) 

(4.) Mulder. 


(5.) Kemp. 

(6.) Frlmjr. 

T* SCUlOSS* 

berger. white 

Hoofs 

Hoofs Horn 

■» 

Epithelium Scals^ 

Hair. Horn hair* 

of 

of of 

Nails. 

of Call. 


of Ox, of Cow. 

Cow. 

Horse. Cow. 


bladder. 

lialliu^vra DUflOi 

Carbon 499 51-6 60*6 

60*4 

60*4 60*0 

60-3 

61*9 

49 6 

60*8 

63'6 

Hydrogen 6*4 6 '8 6*8 

6-8 

7*0 6*8 

6*9 

8 0 

6*2 

7*4 

7*3 

Nitrogen 171 16*6 16-8 

16-8 

167 16*5 

17-3 

14*8 

17*4 

16*6 

16*4 

Sulphur . . 6*0 6*4 

3'4 

3*0 3*4 

3-2 

, . 

, , 

• • 

20 

Oxygen , . 20*0 20'5 

23*4 

22*9 23*3 

22*3 

. . 

• • 

• 

207 

100 0 100 0 

1000 1000 100*0 

"iooo 




100*0 


The proportion of ash is about 1 per cent. 

Horny tissue melts when heated, and bums with a bright flame, exliabng a pecu* 
liar odour. 

When exposed to the action of boiling water in a Papin’s digester, it gradually 
dissolves, yielding an extract, which does not gelatinise on cooling. By simple mace- 
ration in water, cold or warm, the horny tissues are gradually loosened, and exhibit a 
cellular structure more or less distinct. 

Caustic potash easily dissolves horny tissue, eliminating ammonia, especially with 
aid of heat, and forming a yellow solution, wliich, when treated with acids, gives off 
sulphyJric acid and yields a white precipitate. When fused with hydrate of potassium 
it gives off hydrogen, and forms acetic, butyric, and valerianic acids, also leucine, 
tyrosine, &c. Strong solutious of caustic potash or soda are the best reagents for 
bringing out the cellular structure of the different homy tissues, epidermis, nails, 
horn, &c. 

Strong sulphuric acid causes homy tissue to swell up, and partly dissolves it when 
heated. The solution diluted with water becomes turbid when neutralised with an 
alkali, or mixed with ferrocyanidc of potassium. Prolonged ebullition with dilate 
sulphuric acid yields tyrosine, leucine, ammonia, &c. 

Nitric acid^ especially if hot, colours horny tissue yellow, and ultimately dissolves 
it ; on addition of ammonia, the yellow solution acquires a darker colour, and finally 
assumes an orange tint. According to v. La er, 'xanthoproteic acid is formed in the 
first instance, then saccharic, and finally oxalic acid. 

Fuming hydrochloric acid produces with horny tissue the same blue or violet 
coloration as with albuminous substanoes, and graduaUy dissolves the tissue on boiling. 
According to v. Laer, hair immersed even in cold concentrated hydrochloric add dis- 
solves in the course of some weeks. 

Acetic acid does not dissolve homy tissue, but only causes it to swell up. 

When cAZorine is passed into water containing in suspension homy tissue (prepared 
hair), the tissue undergoes no change in external appearance, but after diying 
It U harsh to the touch, and dissolves completely in ammonia, with evolution of 
nitrogen. 


BOMB»OH 80 TVirr. Aesctslus Hippocastanum , — The bark of this tree con- 
two fluorescent substances, sesculin (L 60^ and fraxin or pavHn (ii 708), 
^ »nd Caventou found in it a greenish fat oil, a red-brown resin, a bitter yellow 
subfituice, a peculiar red substance, tannin, and woody fibre. 

The folly developed leaves contain quercitrin, which is also found in the ripe 


* (1.) Scherer, Ann. Ch. Pharm. xl. r. Laer, ibid. sir. IM, 157,— (3.) Scbloftcberger 

Traitb, ir. !»?).— (4) Mulder's Chcmwbr UnUrsuch, No. % p.270.-(5.) Kemp, Amt 
Cb. PUarm. xllU. i 15 . . (O.) Fr 6 tu y, Aao. Cb. Phyt. (3j xiriii. 47. 
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AnalyuB of cast iron. 


Ore uied • 

Fuel mad • 

SoTurce . 

Analyst . | 

Rind of iron . 

Spathic iron ore 

Magnetic iron ore 

Frank- 

iinite 

Specular and brown 
iron ore 

Stteia 

Musbn 

Bohe- 

mia 

Charcoal 

Bahnemoba 

New 

Jersey 

Nova 

Scotia 

INWA 

Iron 

Co. 

Widter- 

mann 

Fre- 

senius 

Richter 

Henry 

Henry 

Tookey 

W.A. 

1 Specular iron I 

No. l grey 

grey pig 

Iron . • • 

94*68 

82*860 

. . 

192*906 

96*67 

81-363 

94*86 


- , I combined 

3*88 

4*323 

2*311 

4*809 

4*20 

6-900 





• • 

• • 

• • 

• • 

• • 

* 3*60 

3*38 

Silicon • 

0*41 

0*997 

2732 

0*176 

0*08 

0*100 

0*84 

0*44 

Snlplinr 

0*02 

0*014 


trace 

trace 

#0187 

002 

004 

Phosphorni 

0*04 

0069 


0*122 

0*06 

. , 

0*19 

027 

Manganese . 

0*98 

10*707 

22*183 

1*987 

0*10 

11*600 

0*44 

014 

Copper . 

. . 

0*066 







Aluminium . 

. . 

0*077 







Calcium 

0*07 

0*091 







^Magnesium . 

0*01 

0*046 







100*04 

99*954 

o 

o 

o 

o 

100*00 

100*00 

100*00 

99*84 



1 

2 

3 

4 

6 

6 

7 

8 

1 


Ore used * 

Clay iron ore of coal measures | 

Northamp- 
ton clay 
iron ore 

Iron in ore . 
Sulphur in ore 


39*8 

trace 




— 

— 

Phosphorus in ore 


0 50 



- 



tap cinder 

^Uel used • • 

-Sulphur in iUel • 

Thick-coal coke 

- 

- 

— 

— 


0*50 


Staffordsjl 

031 

're 

-*■ 

““ 

Name of works | 

Lays ; Dudley 

Level ; Dudley | 

Nether- 
ton , 

Golden- 

DALR 

Russell’s 

H.\r.L 

Analyst • 

Woolwich Arsenal | 

j Ilonry 

Rind of iron . *{ 

hot blast 

grey pig 
cold l>la 2 t 1 

hot blast 

lorge pig 
c >1(1 blast 


No. 4 lotgc 
hot bl.i^t 

Iron . 








92*82 


2*87 

3*34 

3*21 

2*56 

2*61 

2*81 

2*54 

0*19 

2*46 

Silicon 

1*16 

1*18 

1*54 

1*75 

1*40 

0*57 

2*71 

2*07 

Snlplinr 

0*08 

007 

007 

006 

004 

006 

004 

i 32 

Phospliorni 

, , 

066 

0*23 

063 

072 

0*29 

107 

1 143 

Manganese . 

, , 

, , 


006 

0*49 

0*13 

0*98 

0*72 

Aluminium 




, 

, , 

, , 

, 

trace 

Arsenic 

. . 





. . 

. . 

trace 


9 

10 

11 

12 

13 

14 

15 

16 


Ore used 

Phosphorus iu ore 
Fuel used | 

Sulphur in fuel . 

Name of works | 

Analyst • 

Rind of iron . | 

Clay iron ore of coal measure^ 1 

Barnsley coal 

Deep hard coal 
and coke 

0^ 0*73 

Bnw|n hard f oal 


ra 

East End ; 
Wbllihobro* ,* 
Northamptonshire 

West Hallam 
Derby 

1^52 

ButTbblby 

shire 

Bo'Wliko ; 
Yorkshire 

Woolwich Arsenah | 

cold 
No. 1 grey 

blast 

mottled pig 

hot 
forge pig 

blast 

foundry 

hot 

No.2plg 

blast 

No. 4 pig 

No r 

"No.8 

Iron . . • . 
Carbon, graphitic 

Silicon • • 

Snlphnr • 
Phosplioms 
kianganese 

2*86 

1*92 

0*10 

119 

0*24 

2*10 

211 

0*13 

1*07 

0:08 

2*67 

1*63 

006 

0*70 

0*94 

2*40 

1*60 

006 

0*34 

0*60 

2*74 

2*36 

0*02 

1*21 

1*08 

2*60 

1*34 

Oil 

0*76 

0*40 

2*90 

1*94 

004 

0*67 

2*80 

1*61 

0*06 

0*44 

17 

18 

19 

20 

21 

22 

23 

24 


* Probably estimated too high. See Rgiimatim of Suif>/iur^ p. 372. 



HORSE-CHESTPi U 1. 


m 

iMd«, Imt not in the nndoTeloped leaYes, or in the coatings of the buds, or in the barg 
of the stem branches ; the leaTes which fall in autumn contain only traces of it. 
(Boohleder, Wien. Akad. Ber. xxxi. 566.) . . , , 

The seeds c on t eiUi according to Tipp (Viertebshrschr. pr, Pharm. ui. 19), starch 
(about 14 per cent.), mucilage, gum, a non-drying oil, saponin, a tannic acid which turns 
iron-salts green, pho^oric acid, and calcium-salts. F r 4 m y found in the seeds, saponin, 
a yellow colouring matter [? quercitrin] and a crystallisable bitter substance. Attempts 
hare made at yarious times to render tne starch of horse-chestnut seeds fit 
for food by fming it from the bitter substance by means of a weak alkaline ley. 
According to Flandin (Compt. rend, xxvii. 391) this is best effected by kneading 
the peelM and bruised seeds with water containing from ^ to ^ of their weight of 
carbonate of soda, and then washing them ; perfectly white starch then separates, which 
may be used as an addition to wheat-flour. According to Belloc, the same result 
may be obtained by the use of pure water. But according to Flan din, the alkali is 
required to remove an acrid substance and an acid resin, as well as the bitter principle. 
(Compt. rend, xxviii. 83, 138.) 

The cotyledons of horse-chestnut seeds hare lately been examined byRochleder 
(Wien. Akad. Ber. xlv. ; K4p, Chim. pure, 1863, p. 219), who finds, in the alcoholic 
extract, a hitter substance, ar gy rescin, an amoiphous yellow colouring matter, and a 
substance which he calls aphrodescin, formerly regarded by Fr 4 my as saponin. 
These substances are extracted by successive treatment with alcohol, acetate of lead, 
water, and ether. 

Argyrescin, is soluble in water and in alcohol, and is precipitated by 

ether ftom its solution in absolute alcohol. When the aqueous solution is evaporatea, 
it remains in the form of a gummy mass. From its solution in weak alcohol, it sepa- 
rates on evaporation in microscopic cxystals, having a silvery lustre. The crystals 
have the composition It dissolves in strong sulphuric acid, forming 

a solution which turns red when mixed with water. It is fusible, and bums with a 
very smoky flame. 

Argyrescin is resolved by acids into argyrescetin and glucose : 

+ 2C*H‘*0*; 

and by alkalis into sescinic acid, and propionic acid : 

+ 8H*0 - C^H*>0** + 2C»H«0*. 

With alkalis, however, an intermediate product is sometimes obtained, namely, an acid 
whose barium-salt has the composition C**H”Ba*0*^, thus ; 

+ 2H»0 « -I- 

This new acid likewise exists, ready-formed, in the cotyledons, 

Aphrodescin, is soluble in water, and is precipitated from the hot so- 

lution by hydrochloric acid in bulky flocks. It is distinguished from saponin by its 
solubility in alcohol, and by its reaction with alkalis, which is similar to that of argy- 
rescin, excepting that it yields butyric instead of propionic acid, thus : 

+ 2H*0 « + C*H»0*. 

Aescinicacid.C *^11*^0**, is obtained 1^ precipitation from its salts, as a gelatinoufi 
mass, becoming pulverulent when dry. When boiled with a quantity of fucohol n< i 
sufficient to dissolve it completely, it becomes partly crystalline, but docs not alter in 
imposition. By drying at 130® in a current of carbonic anhydride, it undergoes n 
decomposition, which Rochleder represents by the improbable equa^ofi » 

(aescinic acid) + A ■■ 

Afsetnais ^ 'poiassium^ is crystallisable. — The %|i^*«m-salt hag thi 

composition — The /rad-salt contiuns a still larger pi^^rtion of base. 

Argyrescin, aphrodescin, and sescinic acid heated with hydrochloric add, are resolved 
^ substance, telescin C*H**0“, or a product containing 
J;' " ^ • When these decompositions take place in alcoholic solutions, the products 
formed are not constant, because the telescin may then be further resolved into 
manuitw (r) and a compound isomeric with quinovio acid. 

Acinic acid, or rather telescin, dissolved m alcohol, mixed with hydrochloric acid, 
aim TOil^till a rM colour is produced, undergoes a final decomposition, yielding a 
solution from which water throws down flocks of aes eigen in, isomeric with 

choloidic and with quinoyic acid. This substance is soluble in sulphuric acid, and on 
adding su^ to the solution, a red colour is produced similar to that exhibited by th* 
biliary aci^ when similarly treated. 

Th« mHod of hjrdT^oric acid on an alcoholic aolntion of tdeaein or aacinie acid 
■omctimeB also yields an intennodiato product C"H"*0*, whieh is isomeric with 





























A»h of Horse^chrstnut (Wolff). 
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iron md carbon, oast iron always contains other substances, as indicated by 
the above analyses, especially silicon, sulphur, phosphorus, niMgane^ aiwmc, copper, 
»®Wy probably exist, in combination with equivalent quantities of iron, as silicide, 
Bulohide, p hos phide, &c., and some of them appear to exercise considerable manence 
npra the quality and characters of the metal, although the mode in which it is exer- 
cued is but very partially understood, and the very nature of that induence is in some 

cases dubious. . . ' a a. •• a* a. at. 

Silicon is almost always present in cast iron to some extent, originating from the 
deoxida^on of silica in the process of smelting, The amount ranee veiy much. In 
white cast iron it is generally from 0*1 to 0*6 per^sent In grey cast iron the amount is 
much greater, and isseldom less than 0*5 per cent., sometimes exceeding even 3 per cent. 
Karsten found 3*46 per cent, to be the maximum amount. The greater amount of 
^silicon in grey cast iron is considered to be due to the higher temperature at which it 
^ is produced. Iron produced with hot blast contains more silicon than that produced 

? It is generally considered that, within the ordinary limits fw to the amount ot silicon 
■ in cast iron, this substance does not exercise any prejudicial influence upon the quality 
of the metal ; but, in the conversion of cast iron into maUeable iron, the silicon must 
- be as much as possible separated, since it is very detrimental to maUeable iron ^ 

, ,*%ards its tenacity. The greater the amount of silicon in pig iron, the greater also is 
^aste incurred in its conversion into malleable iron by the puddling operation. 
^^P$ulphur is idmost always present in cast iron, but sometimes the amount is so smaU 
l&at it can hardly be estimated. It probably never reaches 0 6 per cent, in good cast 
^ iron. Iron smelted with mineral fuel always contains more sulphur than that smelted 
%ith chiral, in consequence of the sulphur contained in the coal or coke being trans- 
■^ferred to the iron. The presence of sulphur in cast iron renders it more fumble, but 
imove liable to solidify sooner when slightly cooled below the melting point* so as 
bme quite viscid while still red-hot. ^ 

specular iron is melted with sulphur, carbon separates and collects upon the sim- 
i of the melted mass in the form of graphite, which differs from ordinary graphite 
i no lustre. Grey cast iron melted with sulphur is converted into white ca^ 

1^ containing a greater amount of carbon than the original grey iron, as shown in 
lA'^lbllowing results obtained by Karsten {^Eicenhiittenkunde, i. 683) : 


Combined carbon 

Graphite 

Sulphur. 


The grey cast iron 
contalnea in 100 pts. 

0*6263 

3-3119 

0*0286 


The resulting white iron 
contained in 100 pts. 

6-4878 

0*4464 


Hence it would appear that sulphur displaces carbon existing in combination 
with iron, but that up to a certain point, the carbon so displaced from combination 
with one portion of the iron, enters^into combination with another portion, until no 
more can be taken up. The presence of sulphur in cast iron appears therefore to 
determine the existence of the carbon in the state of combination with the iron, and 
thus to be conducive to the production of white cast iron. (Jan oyer, Ann. dcs 
Mines, 1861, iv. 20 ; Weston, Perev's Metallurgy, ii. 136.) 

Phosphoruc is frequently present in cast iron, sometimes to the extent of 1 or 2 per 
cent. When amounting to more than 0-6 per cent., it renders the iron brittle but more 
ftisible, very liquid when melted, and capable of remaining logger in the liquid state. 
Within certain limits, therefore, the presence of phosphorus ijtt ^n intended for casting, 
is advantageous rather than otherwise. ^ 

Nitrogen . — It appears that cast iron sometimes contains awbute amount of nitrogen, 
id that it has a considerable influence on the character*6f the metal. SchafhSutl 


and 


estimated the nitrogen in several kinds of cast iron as follows (Prechtl, Techn. 
Encyklop. 1847, xv. 364; Phil. Mag. 1840, xvi. 44) : 


White cast iron (Maesteg, South Wales) 
Grey cast iron (Creuzot, France) . 
Specular iron 


0-764 per cent. 
0*720 

1*200 ,, 


Marchand’s experiments led him to doubt the existence of nitrogen in cast iron ; 
and to infer that if it were present, it never amounted to 0*02 per cent., and that the 
indications of nitrogen obtained hy analysis were generally referable to abso^tion of 
atmospheric nitrogen by the iron, and formation of cyanogen during the analyp. 

Bouis (Compt. rend., 1861, lii. 1196) on the contrary, considers that nitr<»en is oft^ 
present in cast iron, and has estimated the amount in a sample of very hard white cast 


tT4 H0B8E-FLESH ORE— HOVITE. 

quinorin, and may be teg^ed as a compound of gescigenin with 2 at propionic 

- C*<H*0* + 2C*H»0’ 

This view of its cofej^ition is supported by the formation of a impound, 
[?C!**H**0*1,‘ containing the elements of jescigonin and acetic acid, by the action of 
chloride of acetyl on sescigenin. • , 

Bochleder considers it probable that mscigemn or its compounds may exist in 
other plants, aftd that cyclamein and digitaliretin may belong to this group of com- 

^The ash of^the different parts of the horse-chestnut tree has been analysed by 
E. Wolff (J. pr. Chem. xliv. 386; Jahreaber. 1847-8, p. 1078), for the purpose of 
determining how the proportion of the different mineral constituents are modified in 
passing from one organ to another, and how these constituents are distributed throughout 
the several organs. To eliminate any local character from the results, the organs sub- 
jected to examination were selected from trees growing on two very diiSerent soils; one 
a stony porphyritic soil, the other a moist forest soil often overflowed, very rich in 
vegetable mould, and much more favourable to the growth of the trees than the former. 

The mineral constituents were extracted by first charring the substance in a muffle 
heated not quite to redness, and exhausting the charcoal, first with water, then with dilute 
hydrochloric acid, drying the carbonaceous residue, and incinerating it completely in the 
muffle. The ash was then likewise exhausted with hydrochloric acid, and the united 
hydrochloric extracts, the aqueous extract, and the insoluble residue, were separately 
analysei The results are given in the table on page 173. 

The ash of the wood, bark and leaves of the horse-chestnut has also been analysed 
by E. Staffel (Ann. Ch. Pbarm. Ixxvi. 879; Jahresber. 1860, p. 661), chiefly 
with the view of determining whether the amount of the several inorganic constituents 
in the plant and its different organs varies with the season of the year. The method 
of analysis was similar to that adopted by Wolff, excepting that the charcoal was 
exhausted with water alone. 


Ash of Horse-chestnut (Staffel). 



Wood. 

Bark. 

Leaves. 


Spring. 

Autumn. 

Spring, 

Autumn. 

Spring. 

Autumn. 

Potash 

67-67 

17-64 

64*96 

22*61 

46*38 

18-17 

Lime 

6-92 

60*99 

9*24 

61-34 

13-17 

40*48 

Magnesia . 

4-08 

6-17 

4*36 

3-99 

6*15 

7-78 

Alumina . 

, , 

0*23 

, 

0*18 

0*41 

0*61 

Ferric oxide * . 

0-31 

0*63 

1*66 

0*31 

1*63 

4-69 

Sulphuric acid (SO*) . 

0*82 

. . 

. . 

1*06 

2*46 

1-69 

Silica 

1-80 

0-71 

0-67 

1*06 

1*76 

13*91 

Phosphoric dcid(P*0*) 

1902 

21-73 

19-64 

6*96 

24*40 

8*22 

Chloride of potassium 

10-47 

2-98 

9 66 

2*60 

4-66 

8*65 

Ash per cent, of dry 

99*99 

99-98 

99-99 

99-99 

100-00 

100*00 

substance 

Ash per cent of fresh 
su^tance 

Moisture in 100 parts 
of air-dried sub- 

10*908 

3-88 

8-68 

6-67 

7-69 

7-52 

1*198 

1*693 

1-342 

3*171 

1-376 

k 

3*288 

stance . 

89-01 

49-90 

84-45 

61-73 

W09 

66*27 


HOE9S-TXiX8K OSIL A term applied by the Cornish miners to certain 
varioties of purple copper. 

XOVOHSTS. A hydrated aluminate of magnesium, occurring, as the material 
of pseudomoiphouB spinel, near Oxbow, and in Kossie, near Somerville, St. Lawrence 
county, New York. The crystals are in all conditions, from the pure spinel to octa- 
hedrons with rounded edges and pitted or irregular snrfiices ; it also occurs in flattened 
nodules. It is perhaps identical with Volknerite {q. «.). (Dana, ii. 136.) 

SO’VZTXa A mixture of coUyrite (i. 1084) with a hydrated carbonate of aluminium 
and calcium, found in the Upper chalk, in the neighbourhood of Hove, near Brighton. 
It is very soft and friable, having an earthy fracture and low specific gravity. ( J. H, and 
0. Gladstone, Phil. Mag. [4] xxiii. 461 ; Jahresber. 1862, p. 743.) 

* With a trace of mangaiiie oxide. 
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iron, eontoii^ mud manmiim, at 0-W per cent. Thia sa1»««t, bowever ia 
fronf havuig been satiB&ctorQy myestigated^ ^ ^ » « *«c 

There is much difference of opinion as to the influence of arsenic upon oasl 
iron, and as to ^e frequency of its presence, but there are some well-established 
instances of cast iron containing a considerable amount of arsenic. Wohler found it 
in four samples of pig iron, and Schafhautl has stated that pig iron made at Al^f 
from arsenical ore, contained from 2-5 to 4 per cent, of arsenic. Karsten never de- 
tected arsenic in pig iron. According to Berthier’s analyses of some iron shells and 
shot from Algiers, they contained from 9-8 to 27 per cent, arsenic, constituting in fact 
a true alloy, and more recently a wjgpught shot from Sinope has been found to contain 
16*20 per cent, arsenic by Dr. Noad. (Percy, Metallurgy, ii. 76.) 

The presence of small amounts of arsenic in cast irqn, is considered to have the 
effect, hke phosphorus, of rendering the metal more fusible, brittle, and weaker. 

Titanium ^pears to be frequently present in some kinds of cast iron, and it has 
been supposed to improve the quality of the metal. Several patents have been obtained 
for introducing it into cast iron intended for the manufacture of steel (Musheg 
13 specifications, March 1869 to December 1861), but it is veiy questionable whether 
this “invention” has any real foundation of known fact. The following analyses of 
titaniferous pig iron are by Mr. Riley. 




Ore used | 

Haematite 
and 7*67 % 
Ilmenite. 

The same, with tome 
Belfast aluminous ore. 

Cornish i, hsematfle 4. 
and Irish bog.ore 4, 
containing 6 to 9 

Cornfsl^ 
Irtsh bo£| 
ore §, 

1 

Kind of Iron 

No. 1 foun- 
dry pig. 

No. 2 pig. 

grey pig. 

per cent, manganese. 



Iron . , , . 

93-47 

92-79 

9204 

87-90 

86-88 



Carbon 

, , 

, 

, , 

0-31 

1-02 



3-31 

3-18 

3-11 

3-12 

3-01 



Silicon , 

1-86 

3-28 

3*66 

2*69 

255 

<.’l£ 


Titanium . 

1-15 

0-71 

0-47 

0-79 

1-16 

Sulphur . 

Phosphorus 

0-06 

0-08 

0*00 

006 

Oil 

0*09 

008 

0-16 

0 03 
0-16 

’SSF 

> 

Manganese 

0-60 

0*48 

1-09 

6*86 

6*87 

8-09 

I 4^' 

Nickel and cobalt 

, , 



0*06 

0*11 

1 ¥ 

Copper and antimony . 

• • 


• • 

0*06 

0*04 

006 



100-437 

100*66 

100-46 

100*85 

100-81 

100-27 



Vanadium has also been found in the pig iron made from the ores of Taberg in 
Sweden (Sefstrom, Berz. Jahresb. 1832, xi. 97), and in pig iron made from the Seend 
ore of Wiltshire. (Riley, Joum. Chem. Soc. [2] ii. 21.) 

Chromium has been found in cast iron, but there is no evidence to show whether it 
has any influence on the character of the metal. 

Manganese is yeiy frequently present in cast iron, and it appears to have some in- 
fluence in detemining a high degree of carburation of the iron, as well as the existence 
of the carbon in a state of combination with the iron, so that its presence in the 
materials smelted, tends to effect the production of while cast iron (See ante^ 
p. 331). Cast iron containing manganese appears to be especially suited for tlie 
production of steel or steely iron. (See Stefl.) 

Copper is not unfrequently present in cast iron. When exceeding 0*2 per cent, it is 
said to render the metal harder, tougher, and stronger. 

Zinc is sometimes present in cast iron smelted from ores containing zinc ; and Karsten 
iron containing traces of zinc to be very soft, but rotten and brittle. 
\Eisenhuttenkunde, i. 619.) 

Aluminiurn^ M^nemvtm, Calcium and Potassium are sometimes indicated by hnalyses 
existing in minute proportion in some kinds of cast iron, but scarcely anything is 
known of their influence on the characters of the metal. 

, Although iron is one of the most abundant and widely distributed of 

the heavy metals, it is very seldom met with naturally in the metallic state. There 
species of native metallic iron, viz. telluric and meteoric iron, 
y ^^turio iron is veiy rarej it occurs massive in plates and grains, is more 
Jhallcable and ductile than ordinary iron ; its specific J^a^ty is from 7* to 7*8. It has 
t^n nmnd associated with brown haematite and quartz in a lode near Grenoble 
tochreiber, Joum. de ^yt. July 1792); at Canaan, Connecticut, as a vein two 


HOWASDrrE—HOMOPIC At5ID. 1 # 

BOWAUBmL A meteoric mineral, described by C. U. I^epard. (Sill Am. 
[2]*Vi. 402.) 

BITAarOBZin An alkaloid, isomeric, or pedtape identical, witli 

cinchonine ; obtained from China de Huanoco plana^ a cinchonfE>bark found in the 
Huanooo foreatei, north of Lima (A. Erdmann, Ann. Ch. Pharm. o. 841). The 
bark is repeatedly exhaosted with water oontaininf hydrochloric acid, and the base, 
precipitatea by canetic soda, is purified by repeated solution in acid, andjeprecipita* 
tion, till it becomes white, and finally by crystallisation from alcohol. 

Huanokine crystallises in small colourless prisms, very similar in form to pinchonine. 
According to H. Hahn (Jahresbcr. 1868, p. 372), th^ are monoclinic prisdllh^ exhibit- 
ing the hu;es od P . oo Poo . oP. Angle oo P : oo P in tlie clinodiagonal principal 
section = 71® ; oP : oo P oo = 110® Cleavable parallel to oP; less aistinctly 
parallel to oo P oo. It is tasteless ; but has a slight alkaline reaction, stronger in tiie 
alcoholic solution, which is also slightly bitter. It melts without decomposition, and 
solidifies in the crystalline form on cooling: at a stronger beat it sublimes. It is 
nearly insoluble in water, dissolves in 400 pts. alcohol of 80 per cent, at 17® ; and in 
110 pts. at the boiling heat; in 600 pts. ether at 17® ; and in 470 pts. at the boiling 
heat. It is said to be a strong fobrimge. 

The salts of huanokine are precipitated white by alkalis and alkaline carbonates, 
yellowish white by tincture of galls, white by mercuric chloride, yellow by (diloride of 
gold. 

The sulphate is nearly insoluble in water ; but dissolves easily in excess of acid ; 
the solution is not fluorescent.— The hydrochlorate is very soluble, and crystallises in 
large colourless prisms having an extremely bitter taste ; not fluorescent. According 
to Hahn cit.') the crystals are rhombic prisms, with the faces ooPoo . foo . P. 
Angle oe P : oo P m* 30®. — The chloroptatinate also forma rhombic crystals, 
00 P . oojPoo.P. Angle ooP : oo P >■ 76®; angle between the macrodiagonal 
terminal edges and the principal axis «= 132®. — The tartrate forms hemihedral 

rhombic crystals, ooP . . oP . ?. Angle oo P ; oo P. »» 138®; — 70®, 

2 2 2 

(Hahn.) 

According to De Vry f J. Pharm. £3] xxxii. 328), huanokine is identical with cin- 
chonine, the differences observed by Erdmann between it and cinchonine having been 
probably due to admixture of <^uinidine or cinchonidine. He found that hydriodate 
of cinchonine agreed perfectly, m external character and in its relations to polarised 
ligh t, wi th the hydriodate obtained from huanokine prepared by Erdmann himself. 

BITDSOJrzra. A block mineral from Cornwall, Orange County, New York, 
near the Hudson River. Specific gravity 3*43 to 3*6. It cleaves like Hedenbeigite, 
and is regarded by Dana as a variety of augite, having a considerable portion of the 
silica replaced by alumina. The composition is, however, more like that of hornblende. 
Smith and Brush (Sill Am. J. [2] xvi. 369) found in it: — 

Lo** by 

8103 Al*OS FeO MnO CaO MgO K^O Na^O Ignition. 

38 94 10*41 30-48 0*60 10-36 3 00 2-48 1-66 1 96 - 99-88 

Kenngott found that a mineral from Monroe, designated as Hudsonite, was really a 
hornblende. {RaniTnelsbery^s Mineralcheniie, p. 996.) 

Hirag BOItllTXXJnrJB. Syn. with Meluxitb. 

WMBOliSTSJFS. Syn. with Oxaxitb. 

y ** y Syn. with Dathoutb. 

HOTtXO A CXB. See Ulmic acid. 

*^^***TB. See Chondboditb (i. 930). 

Axxza. C“H»0' (?) (Wohler, Ann. Ch. Pharm. 1. 21).— An acid 
P™™cea, with evolution of ammonia, by heating narcotine to about 220°. 

C"H»KO’ - C“H"0' + 

fn dissolving it in potash, precipitatmg with hydrochloric acid, renlissolTing 

inmr 1^1 palpitating 1^ water, it it an amorphous, dark-brown substance, 

in Aik 1 * dilute acids, but dii^lves in alcohol with yellowish-red, and 

latter solution forming brown gelatinous precipitates 

^ carbon, 6*3 and 6*0 hy- 

aW suggested the formulae, and The formula 

(^hich requires 66*7 per cent carbon and 6*8 hydrogen) is based upon the 
llcndhn^ established Matthiessen and Foster {QmsUnls 

V. 138). It is probable, however, that the acid has not been obtained pozi^ 
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inches broad in mica slate (Shepard). This specimen untamed 91-8per cent, iron 
Sm Md 7^ cent, carbon. It m said to be mixed with the grani^ platmum of 
^ttthAmenca (John), and disseminated through rome basaltic rocks (Andrews), 
XWerous Ldof Oliphian(Molnar). Native iron wntaining 6 i»r cent 
ofrilLranda little sulphur is Li to have been found with galena, m the lodes at 
Leakhills. and in volcanic ecorise at GTaveniCre m Auvergne. 

r iron is met with, both as large compact masses, and as ^i^ ^d 

snakt^ disseminated through earthy meteorites. lU colour is somewhat like that of 
ffi^Mdit is characterised by always containing nickel sometimes also cobalt 
Sn^^mium and tin. The masses of meteoric iron found m South .^ewca and 
^ estimated to weigh several tons, are among the most re^^able that are 
knowm Meteoric iron almost always contains particles of iron sulphide mixed ^th 
apparently neither magnetic nor orcunary pyntes. (Eammelsberg, Pogg. Ann. 1849, 
Izxiv. 442.) 


Analyses of Meteoric Iron. 


Fell at 


Bohund- 

litz, 

Bohemift, 

Krasno- 

jarsk, 

Siberia 

Hras- 

china, 

Croatia, 

GftpGf 

Africa. 

Clair- 

borne, 

Alabama. 

Potosi. 

N. Aihe- 
rica. 

Bitburg, 

near 

Treves. 



in 1829. 

— 

mi. 






Weight 

'Analyst 


loa lbs. 

1600 n «. 

71 lbs. 

300 lbs. 


- 

- 

3300 lbs. 


Berzelius. 

Wehrle. 

Jacksoa. 

Morren. 

Sllliman 
& Hunt. 

Stro- 

mever. 

Iron . 
Nickel . 


93*78 

88*01 

89*78 

85*61 

66*56 

83*57 

92*68 

81*8 


3*81 

10*73 

8*89 

12*27 

24*71 

12*67 

5*71 

11*9 

^bftU , 
Wpper. 
Manganese 
^rcSdum 


0*21 

0*46 

0*07 

0*13 

0*67 

'0*89 

3*2*4 

trace 


trace 

1*0 

0*2 

Tin \ 



trace 







Magnesium 



0*05 





trace 


Arsenic 

Sulphur 



trace 

. . 


*4*00 

*2*30 

6*1 

• ' 

Iron sulphide 


004 


• 




Oarbon 

Chlorine 

Insoluble 

• 

’2*20 

, 

. . 

1*48 

091 

1*40 


. . 

0*48 



100*00 

100*00 

99*34 

98*77 

99*99 

99*45 

9969 

100*0 


Xron ore«a Compounds of iron occur native in great numbers as^ minerals, and 
very widely distributed ; there are indeed few natural bodies in which iron is not 
present to some extent ; it exists in the ashes of most plants (see i. 417, ii. 680b and 
appears to be an essential constituent of the blood of animals (see ante, p. 2). Of the 
native compounds containing iron in large proportion, those which occur in greatest 
abundance are the oxides, disulphide, carbonate, phosphate, titanate, and silicate. But 
for the extraction of the metal the only minerals that are suitable are the several oxides 
and the carbonate, all of which occur as large masses, of a greater or less degree of 
purity, being generally mixed with varying amounts of silicpus or earthy substances, 
and smaller (quantities of various other minerals. The nm important varieties of 
these ores of iron are the following : — O 

Native magneUo oxide, Magneticiron^ore ; Magnetetsen t^'Oxyde magnetique. This 
is the richest of the ores of iron available for smelting ; in ite purest state it contains 
72*41 per cent. iron. It is bla(^ and generally has a metallic lustre, and ckmjuts both 
cxysta&ne, granular and compact or even earthy, at well as in the state of sand. It 
exists abuncSintly in many localities as beds or veins, and sometimes forming entire 
mountain masses, associated with volcanic or schistose rocks, and chiefly in Norway; 
Sweden, Siberia, and North America. It is sometimes largely mixed with pyrites an<i 
other sulphuretted minerals. In this country magnetic iron-ore occurs in the West of 
England and at Bosedale in Yorkshire. ... 

The mineral known as Franklinite appears to be a variety of magnetic iron ore in 
which ferrous oxide is replaced 1^ zinc oxide. 
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ftnd that the decompositiion of narcotine by heat may be move complicated than that 
irhieh is represented by the preceding equation. ^ v •> 

xncoinu ox* tbs STS. dee Etb (ii. 6S4). 

SCOTBinb or Vegetable Motild, is the product qf the decay of vegetable matter. The 
fiiUen leaves, and all the parts of plants which are Returned to the soil, either daring 
the life of the plant or after its death, undei^o peculiar alterations, the result of which 
is to transibrm them into a mass of compounds whose nature has not been exactljf 
ascertained, but which are known to contain a ferge proportion of carbon. This decaj^ 
is promoted by the action of air, by moisture, and by a certain degree of heat. It takes 
place most qnickly in those constituents of the plant which are soluble in water, some 
of the insoluble matters, such as resins and fats, resisting decomposition for a long time, 
and remaining almost in their original state, so that they may be extracted from the 
humus by alcohol or ether. The decomposition is also greatly accelerated by the 
presence of putrifying nitrogenous matters ; and this is doubtless one cause of the 
TO||eftcial effect of animal manure. 

Vegetable mould is in a continual state of slow combustion, whereby the organic 
eompounds which it contains are gradually resolved into carbonic acid, water, and am> 
monia, which, as they aro formed, are taken up by the roots and plants : hence the effect 
of vegetable mould in promoting the growth of plants, and partly also the 
ctdvantage gained by frequently turning up and pulverising the soil, whereby the access 
of air and the decomposition of the organic matter are facilitated. 

BVXITBBZT8. The name applied by S. Haughton (Phil. Mag. [4] xvii. 18 ; 
Jahresber. 1869, p. 289) to a hydrated silicate of aluminium, having a fatty lustre and 
the aspect of felspar, found in a coarsely crystalline granite in the neighbourhood of 
NAgpur in Central India. Specific gravity = 2 ‘3 19, According to Haughton’s 
analysis, it contains 65‘93 per cent. SiO*, 20*97 APO*, 0*30 CaO, 0*46 MgO and 11*61 
water (— 99*26). This is very nearly the composition of cimolite (i. 984), with 
which also the mineral agrees nearly in lustre and specific gravity: hence Dana (Sill. 
Am. J. [2] xxviii. 133) regards it as identical with cimolite. 

BXnUBAVZiZTXIa A phosphate of iron and manganese from Hureault, near 
Limoges, where it occurs in small veins in the granite. It forms translucent crystals 
belonging to tlie monoclinic system, having a yellowish- or reddish-brown colour and 
vitreous lustre. Specific gravity = 2*27- Somewhat softer than felspar; contains, 
according to the mean of D amour’s analyses (Ann. Min. [6] v.), 38*00 percent. P 0\ 
41*67 MnO, 7‘86 FeO, 11*98 water, and 0*38 quartz &c. ; whence the formula 

I Fe*(? I + 6H®0 ; or it may be a double salt consisting of a pyro- and ortho- 

phosphate, of the form M*P*0’.2M*P0*.6S*0. {Eammdsbery* s Mineralchemie^ p. 330.) 

MUJUnr* An acrid crystalline substance obtained from the juice of Hura crepitans. 
(Boussingault and Rivero, Ann. Ch. Phys. [2] xxviii. 430.) 

KYFBOirZTB. A mineral from Lake Huron, containing 46*80 SiO*, 33*92 APO’, 
8*04 CaO, 4*32 FeO, 1*72 MgO and 4*16 water. It forms imperfectly laminated 
masses, having a light greenish yellow colour and waxy lustre, translucent on the edges. 
(Handw. d. Chem. iii. 942.) 

BVBBS AXiT. Native iron-alum from Iceland. (See SunraxTBS.) 

BTACZBTB. See ZiiicoN. 

BTJBXfAirOBa 01L0B08A. (Lamb). — A euphorbiaceous plant, the pericarp of 
which contains a very acrid poisonous substance, resembling s^ehnine and the allied 
poisons in its action. The poisonous substance is uncrysta^Mable, easily soluble in 
water and in alcohol ; it has neither basic nor acid properti^K^ut cannot be classed 
among the resins, on account of its ^lability in water. The of the fruit contains 
9*40 per cent, water, 6*36 gypsum, lime, potMh, and chlorine ; 2*62 wax and chlorophyll; 
9*64 tannic acid ; 6*64 resin ; 16*16 starch, gum, and sugar ; 3*99 varnish-like substance, 
voluble in water and in alcohol; 36*00 cellmose; and lastly, oxalic acid, and substances 
which can be extracted by strong hydrochloric acid and potash-ley. The seeds give up 
to ether, 41*06 per cent, of a green-yellow fet oil, then to alcohol 24*13 per cent, of a 
nearly black, brittle resin, resembling kino ; contain 10*7 pep cent, of inorganio 
matters, (J. B. Henkel, Arch. Pharm. [2] xciv. 16; Jahresber. 1868, p. 632.) 

BTAUTS. See Opai.. 

BTA&OMB&ABrB. Syn. ^tb TrachtlTTB. 

VTA&OPBAXVB. A baiytic felspar resembling adularia, discovered 1^ 
Sartorius y. Waltershausen (Pogg. Anmxciv. 134 ; c. 647) in the dolomite of the 
Binnenthal in the Valais. It is transparent and colourless when pure, but often mitt- 
wnite from admixture of sulphate of barium. Hardness between 6 and 7. Specific 
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Analyses of Magnetic Iron Ore, 



Source 

Dart- 

moor. 

Cornwall. 

Rosedale. 

Danne<. 

mora. 

Frank* 

Unite. 


Analyst 

Rllej. 

Noad. 

North- 

cutt. 

Pattln- 

•on. 

Kanten 

Rammeli- 

berg. 

Ferric oxide • 


62*20 

44-40 

66*60 

12-22 

82-67 

70-23 

64-51 

Ferrous oxide . 


17-32 

20*00 

13*00 

36-26 

33-86 

29-66 

Manganous oxide 


0-14 

0*16 

•66 

, 

0-69 


13-51 

Zinc oxide , . 


. . 

. . 


. . 



26-30 

Alumina • • 


3-81 

5*20 

3*60 

14-10 

3-15 



Lime . 


6-52 

0-60 

0*66 

2-38 

2-86 



Magnesia • 


1-82 

1-00 

1-52 

3*95 

1-69 



Potash and soda . 


010 

. . 


. , 

trace 



Silica < 


9G6 

. . 

. . 

9*65 

6*95 



Carbonic acid 





16-25 

10*36 



Phosphoric acid 

. . i 

bib 

bob 

b-57 


1-41 



Sulphuric acid . 


. . 

om 

004 

trace 

trace 



Iron pyrites 


007 

. . 

. 

trace 

003 



Water 

{ liygroscopic 


0-28 

0-34 

|2-50 

3*20 

4-80 

3*76 



Insoluble in acid 



24-20 

9*40 


0*84 





101*36 

99*60 

98*95 

98-60 

98-16 

99*88 

103-32 

Percentage of iron 

• 

57 01 

• • 


35*94 

49*17 

71-68 

46-16 

. ...j. , 


Ifativc ferric oxide; Heeniatite^ Ued iron ore ; Itotheismstcin ; Fer ofigiste.'^ln it<i 
purest state this ore consists entirely of anhydrous ferric oxide containing 70 per cent, 
iron. It occurs in various states, crystalline, massive, and earthy, very often as lumps 
with a radiating fibrous structure and smooth surface, known as “kidney ore.” It also 


Analyses of Fed Iron Ore. 


Source 

Analyst 

Whitehaven. 

lUverftonc. 

Cleator 

Ulver. 

•tone. 

Wint- 

church, 

South 

Walei. 


W.A. 

Dick. 

Spiller. 

R.SmiU 

Dick. 

Ratclim 


Ferric oxide 

98-71 

95*16 

94-23 

9094 

90-65 

86*60 

66-56 


Ferrous oxide . . 

. . 

* • 

. . 

. . 



1-13 


Manganous oxide 

trace 

0-24 

0-23 

0-26 

0-10 

0-21 

1-13 


Alumina . , 

, 

0*06 

0*63 

trace 

1*43 

0*30 

2*79 


Lime 

trace 

0*07 

0-05 

0*99 

0*71 

2*77 

9*40 


Magnesia . 



trace 

trace 

0*06 

1*46 

1-39 


Pot^h . , 







0*42 


Soda . . , i 







0-16 


Silica 

1-00 

6-66 

4-90 

6*68 

7-06 

6*18 

8*90 


Carbonic acid . 




0-78 


2*96 

6*73 


Phosphoric acid 

trace 

trace 

trace 

trace 

trace 

trace 

102 


Sulphuric acid . 


trace 

0-09 

024 

trace 

0-11 

1-31 


Iron pyrites 

, , 

trace 

1 0-08 






WaterJ^yKT^copic • 
(combined 

• • 

• • 

0*39 

0-17 

• • 

• • 

• • 

|2-12 


Organic substance 


. . 


. . 

. . 


0-38 



99-71 

101-19 

100-72 

99 88 

99-96 

100*49 

102-42 


Percentage of iron . 

69-10 

66 60 

65-98 

63-66 

63-25 

60-55 1 

47-47 



orms large veins of beds, associated with quartz, calcspar, and heavy spar. Some 
incls are hard, others soft and friable, and it generally contains varying amounts of 
earthy admixtures. The principal British deposits of haematite are in Cumberhuidand 
VoL. UI. ^ f 2 




mTity SI 2’77 to 2*83. It fornw monoclinic crystals resembling those of aduhuriiti 
. oP . + Poa, ol^Q with ( doPoo ). Angle ooP : ( oojpoo ) « 120® SO" ; dP : 
s 112® O'; oP : +'fto«^.180® 88'. Cleavi^e ^Mpfect parallel to Poo (Walters* 
hausen). The analysts of s;|>erfect limpid specimen by Stookar-Ksoher 
iKmngotn Ueberaieht, 1854M7, Jj^ iQ7) gave: 

Sio- A1*0» Bad CaO MgO K-O Na"0 IfO 

62 67 21 12 Ifi'Od O’ito 0 04 7 82 2 14 ' 0*58 « 09-88 ; 

whence the formula |k®o|s* 0* + AI-0»3Si0» - “**P|si‘0* - (B^»)jo*; 

which is similar to that of andesin (see Pklspab, ii. 618). {Rammtishtrg*^ Jlfmerof- 
chemWi p. 609.) 

BTA&08X2>SStXTB. A variety of chrysolite from the Kaisorstuhl mountain in 
the Breisgau, where it occurs in yellowish and brownish-red crystals. It contains 
31-63 SiO*. 32-40 MgO, 28 49 FoO, 0-48 Fo*CP, 2-21 Al-0». 2*79 K*0, and a ti^ of 
chromium. To bring it under the formula of chrysolite^ 2M'O.SiO^ or M*.SiO^, it is iiecos* 
Bary to suppose that part of the silica is isoinorphously replaced by alumina. 

BTBBITB. Sen Palaoonitb. 

BTBitJfTOZO B.CZB. C*H*N^O* (?) — An acid produced by the action of 
pota.sh on allantoin. On supersaturating the solution with acetic acid, precipitating 
wath acetate of lead, decomposing thtii lead-salt with sulphuretted hydrogen, and 
evaporating the filtered liquid, the acid is obtained as an iincrystallisuble syrup, 
deliquescent and insoluble in alcohol. It probably contains tho elements of allantoin 
phis 1 at. water (Schlieper.) 

The name hydantoic acid is also applied by Ilaeyer to an acid formed ft*om hy- 
dunto’m by addition of the elements of water: no descnpti»)n of it has yet been giv<m. 

BTBiklirTOZMr. C^IPN^O*. (A. Baoyer. Ann. Oh. Phurm. cxvii. 179.) — A 
compound belonging to the parabunic acid group, produced from alJautom by the 
reducing action of hydriodic acid: 

+ 2IIt - CII'N*0 + C»lI<N-0» -t- 1*. 

Allantoin. Urea. HytiaiUuin. 

Also, together with a small quantity of allantnric acid, by the action of hydriodic acid 
on alloxanic acid : 

c^Hwo* 4- 2111 « o»ir‘N'02 + CO* + n^o + i* 

Alluxanic acid. Mydaiitoin. 

Tt crystallises with great facility in colourless crystals easily soluble in water; taste# 
slightly sweet, and grates a little between tho teetL It is converted by oxidation into 
allunturic acid : 

+ O « 

Hydantoin. Allanturic acid. 

With water it forms Baeyor’s hydantoic acid. 

BTB&ACZBS. A term formerly applied to hydrochloric, hydrr>bromic, hydri- 
oflie, hydrofluoric, and liydrocyanic acids, to distinguish them from acids containing 
oxygen. The distinction is, however, no longer maintained, all acids being now regawled 
as salts of hydrogen. (See Acids.) 

HTBBACBTBZC ACZB. — An acid produced by the decomposition of 

iodopropionic acid, when a solution of a salt of that acid is heated to boiling : 

4C’H*IO* + 3H*0 - C'*H«0" + 4HL 

It is most easily prepared by digesting iodopropionic acid with excess of silvei^ 
oxide, decomposing the resulting silver-salt With sulphydric acid, and evaporating ths 
filtrate. Hydracrylic acid then remains in the form of a syrup, mixed with slender 
n(e<Ues. It is tribasic; nearly all its salts are easily soluble in water, and many of 
thi-m are decomposed by heat, with formation of acrylic acid : 

« 4C*H«0^ + 3H*0. 

Hydracrylic acid. Acrylic acid. 

The cupric salt is a blue* green varnish. Tho lead-salt^ C**n*®(Pl)'')*0**, forms a white, 
erystalliiie, deliquescent mass, perfectly insoluble in alcohol, and decomposing when 
hc;iied to between 160® and 200®. The sUvvr-salU C’*H'*Ag»0", is a floccuJent mass, 
Isjcoming dark-coloured and amorphous when dry, easily soluble in water, sparingly 
m alcohol, insoluble in ether; decomposing below 100®. (Beilstein, Ann. .Ch. 
Pharm. exxii. 366.) 

^ *»BiAmBg8, A group of tertiaiy diamides (i. 172), formed by the aciiait 

* -JL. in. N 



m 


lEON. 


Lai^Urot tlie Isle of Man, Devonshire and Cornwall. On the Continent it ocran 
Harte, Silesia, the Austrian provinces, andm Norway. A pecuhai oolitic 

l^matite Scum in the neighbouriSod of Lifege. ^ ^ j • «. • 

Bed ochre is an earthy variety of ferric oxide containing a large admixture of 

^^Licular iron ore; m>mgUnz-, Fer spccutoVc.-This also wnsistr^of anhydrous 
ferrw^de li a crystallised form. Its colour is iron grey or almost Hack, 

4-8 tTfi-S The crystals of this mineral belong to the hexagonal system, R.oR 
^ sometimes R iR. It occurs chiefly in schistose rocks, in Norway, theEragebii^e, 
“rusS^ andseveral plrts of the South of Europe, the most extensive deposit being that 

in Elba, which has been worked upwards of 3,000 ye^. 

Soecular iron ore often contains titanium, either in the form of rutile, or combined 
wit^the ferric oxide constituting ilmenite. This was fomerly considered pre.iu. 
dicial to the ore; but quite recently it has been stated that the presence of titanium 
S iron ores, contributes in some way, not yet understood, to the production of good 

Native hydrated ferricoxide; Browniron ore; Brauneisenerz ; hematiiehrun.—^hiB oro 
consists essentiallir of hydrated ferric oxide, which in the pure state contains 69 -89 
ner cent, of iron and 14*44 per cent, combined water. It is sometimes indistinctly 
crystalline or fibrous ; but more generally compact or earthy, and of various shades of 
colour from blackish-brown to yellowish-brown. This ore frequently contains a con- 
Biderable amount of manganese, and a more or less conside^ble admixture of foreign 
earthy substances. It occurs abundantly in the Forest of Dean in Gloucestershire, in 
several parts of Devonshire and Northamptonshire, and Lincolnshire, as well as in 
Weardale, Durham, where it has originated chiefly by the alteration of spathic iron 
ore. On the Continent it is very abundant, and is one of the principal ores smelted m 

Franco and Germany. , 

A variety of this mineral occurs in many places under the^ name of bog iron 
ore (Sumpfers; minerai which has -apparently been formed by deposition 

from fcrniginous water under the influence of living organisms. Some kinds of 
this ore furnish very good iron— for instance, the lake ores of Sweden and JiOwer 
Canada ; but generally it contains so large an amount of phosphorus as to be useless 

^^Vdbw ochre is an argillaceous variety of hydrated ferric oxide containing more 
combined water than brown iron ore, and basic sulphate; sometimes also basic silicate, 
phosphate, and arsenate. 


Analyses of Brown Iron Ore. 


Source 

Analyst 


Ferric oxide 
Ferrous oxide 
Manganous oxide 
Alumina . 

Lime 

Magnesia . 

Potash 
Silica'> . . 
Titamc"4feid 
Carbonic acid 
Phosphoric acid 
Sulphuric acid 
Iron pyrites 

Organic substance 


Percentage of iron 


Dean Forest. 

Devon- 

shire. 

North.-impton- 

shire. 

Weardale. 

Dick. 

Price. 

Dick. 

Dick. 

Tookey. 

Spiiler. 

9006 

89*80 

89*28 

89*39 

76*00 

74*32 

72*08 

49*67 



. 

trace 


, 

10-77 

0*88 

0*04 


0*33 

0*40 

0*57 

6*60 

3*06 

0*14 

0*98 


0*62 

2*30 

2*91 

0*40 

0*84 

006 

0*61 


0*33 

0*41 

0*76 

0*66 

669 

0-20 

0*40 


0*20 

0*11 

0*18 

1*90 

1*21 




■* 


, , 

0*06 

^2 

214 

0*98 

1*42 

& 

6*03 

4*09 

6*64 





S 

0-57 

0*13 

14*49 

009 

) 

0*13 

trace 

*013 

' 1*63 

3*17 

0*22 

0*01 

trace 


trace 

, * 

trace 

. . 

trace 

[traces 



trace 


006 

, , 

0*03 

) 

"0-22 

’ 7*65 

|9-74 

8*83 

0 0 

QO 

I.-4 

11*89 

1 12-40 

1*81 

6 63 

. • 

• • 

• * 


trace 

• • 

trace 

100*76 

101*05 

100*00 

101*15 

99*78 

100*46 

99*38 

100*80 

63*04 

62*86 

62*67 

62*60 

63*20 

62*05 

49*78 

43*02 



^i78 HYDEANZOfj^— llYDllASTINE. 

of ammonia on certain aldehydes, 2 at. of ammonia uniting with 3 at. of the alde- 
i^rde, and $ at, water being eliminated, as shown byl^e equation — 


zem^o 4 2NH» 

- N»(C»H»)* 

4 3H*0 

Bitter Almond Oil. 

Hydrobanxamide. 

The following ore the hydramides at present known : — 
Purfhramide .... C'*H'*N*0* 

-S 

N'COft'O)* 

. . .Hydranisamide , • 

C«H«N»0» 

OB 

N«(C*H»0)> 

^^^^^ydrobonzamide . , . 


- 


■*" Hydrocinn amide . , 


• 


^drosalicylamide . 



N^C'ii'O)* 

Hy drobromosali cy lam ide 

C»‘H«Br*N*0* 

- 


Hydrochlorosalicylamido 

C*‘H''‘C1»N*0* 


N=(C’fi‘C10)* 


Glycosine, N®(C*H*)*, from glyoxal (ii. 919), may also be regarded as a hydramide, 
or rather hydramine. 

The aldehydes of the fatty acids (acetic aldehyde and its homologues) do not appear 
to yi^^d compounds of this class. 

The hydramides arc crystalline solids, insoluble in water, soluble in alcohol, not 
Tolatile without decomposition, and not possessing alkaline properties ; but when left 
in contact with strong caustic alkalis (Fownes), or when simply raised to a high tem- 
perature (Bertagnini), they are converted into isomeric compounds possessing strong 
tasic properties, e. g. furfuramide into furfurine, hydrobenzamide into amarine. The 
difference of constitution between these bases and the corresponding hydramides is 
not precisely understood ; hut Borodine has shown that amarine contains a larger 
number of atoms of replaceable hydrogen than its isomer, hydrobenzamide. (See 
Htdrobejtzamidk. ) 

Some hydramides, e. g. hydrobenzamide and hydrosalicylamide, arc decomposed by 
acids, yielding ammonia and the corresponding aldehydes. By sulphydric acid they are 
converted into sulphuretted aldehydes (thialdides), e, g, furfui'amido into tliiofurfol : 


(C*H«0)*N» + 3H*S 

Furfuramide. 


« 2NH» + 3C*H'OS. 
Thiorurfoi. 


HYOKAmLOTZir, C?H*N*S*, Disulphide of Sidphocarhammonium^ Dihydro* 
sidphurHted Sulp^tocyanogen (Zeise, Ann. Ch. Pharm. xlviii. 96; Dobus, ibid. 
Ixxiii. 27). — When chlorine-water is added by small portions to a solution of aulpho- 
carbamate of ammonium in 6 or 6 pts. of water, the liquid being well shaken, and 
ci\re being taken to avoid an excess of chlorine, this body is produced, as a flocculent 
crystalline precipitate, which must be washed with cold water till the wash-water no 
longer reddens ferric salts, and dried in vacuo. It is also produced by heating an 
aqueous solution of sulphocarbamate of ammonium, first with a large excess of sul- 
phuric or hydrochloric acid, then with a ferric salt. 

Hydranzotin, when first prepared, is colourless, with a nacreous lustre, and in- 
odorous; but after a while it gives off sulphuretted hydrogen. It is very sparingly 
soluble in water^ dissolves without alteration in aloohol, and is dissolved by t ther in very 
large quantity, but with some alteration, the solution reddening litmus. An alcoholic 
solution of jMtash dissolves a considerable portion of it, yielding a i^utral liquid, which, 
when boiled, yields sulphide of potassium, sulphocyanate of potassium and sulphur. 

The same transformation takes place on boiling the solulfcta of the compound in 
absolute alcohol : 

C*H*N*S< - H*S -f 2CHNS 4 a 


The compound is not decomposed by trituration with oxide of lead, unless the mix- 
ture is heated. By dry distillation it yields sulphide of carbon, accompanied by a 
little sulphydric acid, and sulphydrate €Uid sulphocarbonate of ammonium, leaving a 
small quantity of a black substance. It is not perceptibly decomposed by sulphuric 
or hydrochloric acid. 

KnmARCWnvX* ^e. See MnacuitAim^ Mbbcub^ 

OTllYl., dtc. 

m ^ 1* 1 1 AUCn iTMUCTM. See Gibbsiti (ii. 838). 

Syn. with Mxbcubt. 

VnMASTZira* An alkaloid discovered by J. D. P erri n s (Pharm. J. Trans. [2] 
oi. 646) in the root of Bydra$ti$ CaneidUnms^ in which it exists to the amount of about 
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Analyses of Brown Iron 




Soured 

Analyst 

North. 

ampton 

shire. 

Wales; 

LUn- 

trissant 

Lincoln 
shire 
. ^ Brigg. 

ampton 

shire. 

. Dorset- 
shire. 

Wilt- 

shire; 

Seend. 

North^ 

ampton 

shire. 

Corn- 

«ai, 

Austle. 

Priced 

Nichol. 

son. 

Riley. 

Tookey 

. Percy. 

Tookey 

Riley. 

SpiUer 

RUW* 

Ferric oxide • • 

68*58 

59*05 

58-10 

56*20 

55*21 

53*48 

5286 

61*87 

Ferrous oxide . 

. . 

. . 

. 

trace 

, , 

, , 

trace 


Manganous oxide 

0*36 

0*09 

0*88 

0*20 

0*95 

1*60 

0*51 

0*43 

Alumina . • 

3*27 

trace 

4*95 

2*43 

7*70 

4*38 

7*89 

4*01 

Lime 

0-66 

025 

4*15 

0*49 

0*70 

0*84 

7-46 

0*52 

Magnesia . 


0*28 

0*96 

0-17 

1*15 

0*72 

0*68 

0*17 

Silica 

11*63 

34*40 

11*70 

29*07 

19*65 

26*23 

13-16 

86*03 

Carbonic acid . 


. . 

1*08 

. 

, , 

trace 

4*92 


Phosphoric acid 
Sulphuric acid . 

0-97 

0*14 

1*40 

0*84 

0*42 

0*87 

1*26 

0*49 

0 18 

. . 

, 

. 

0*16 


Iron pyrites 

. . 

009 

. . 


. . 

trace 

0*03 

0* 8 


|n-66 

0-24 

6*14 

1 16*46 

1*16 

9*74 

1 13-11 

13*61 

il*37 

0*80 

6*80 

Organic substance . 










100*26 

100*68 

99*68 

100-30 

99*05 

101-73 

99*54 

100*15 

Percentage of iron . 

48*00 

41*34 

40*67 

39*34 

38-G5 

37-44 

37*00 

36*31 

Analyses f 

/ Brown Iron 

Ore — continued. 



Source 

North- 

ampton- 

shire. 

Oxford- 
shire ; 
Wu<Mi- 
stock. 

Dean 

Forest. 

Staffoni 
shire ; 
Fr«»K- 
ha'l. 

N<*rth- 

>|M)pt0l|. 

shire. 

Dean 

Forest. 

Relfast. 

North- 

ampton. 

sliire. 

Analyst 

Dick. 

Tookey. 

Dick. 

Riley. 

Dick. 

Tookey. 

Riley. 

Ferric oxide 

38*04 

44*67 

32*76 

52*83 

50*53 

48*99 

3591 

34*41 

Ferrous oxide . 

10*54 

0*86 

, 


trace 

0*24 

6 57 

trace 

Manganous oxide 

0*69 

0*44 

trace 

0 81 

0*51 

016 

0*05 

0*27 

Alumina , 

13*02 

9*10 

0*05 


7*62 

0*17 

27*95 

6*40 

Lime. 

trace 

9*29 

0*25 

14*61 

11*92 

14*07 

0*60 

26*72 

Magnesia . 

4*35 

066 

0*25 

5*70 

0*62 

10*21 

0*20 

0*87 

Potash 

0*38 


, , 


0*11 

, , 

0*49 

•‘''ilica 

23*24 

12*34 

63*52 

trace 

8*80 

0-79 

9*75 

6*69 

Carbonic acid 

0*16 

6*11 

, , 

18*14 

798 

20*75 

, , 

18*46 

Phosphoric acid 

0*26 

0*65 

0*0 9 

0*32 

1*28 

0*06 

, , 

1*47 

Sulphuric acid . 

trace 



0*28 

. 

trace 

, 

0*07 

Iron pyrites 

0 13 

trace 


, 

0*17 

, . 

, 

0*30 

WaterS^ygr^P'*® * 
y combined 

*6*92 

1 10-31 

S56 

. • 

4-76 

'n-oo 

518 

1 18-60 

6*97 

Organic substance 

0*19 

. . 

1*30 





Percentage of iron , 

99 92 

34*83 

100*33 

31*94 

100*47 

22*93 

98'74 1 
36*98 1 

00*44 1 

35*37 

00*62 

34*46 

109% 1 
30*25 

.01-62 

24-00 


^^otive ferrous carbonate ; Spathic iron ore; SpMhcisenstein ; fer spathiqus.-~—l^is 
JTiineral consists essentially of ferrous carbonate, and in its purest state contains 48*27 
I>er cent, of iron. It is generally crystalline, sometimes presenting distinct ciystals 
(see i. 788), and sometimes in the form of fibrous nodular masses known the name of 
»*phaa>osiderite. It varies in colour from white to yellow or brown, and is veiy often 
found to have undergone more or less complete conversion into hydrated ferric oxide 
jmder the influence of atmospheric oxygen. Spathic iron ore occurs as veins and beds 
m the older rocks, and associated with limestone strata. It is worked in this country 
chiefly in Durham and Somersetshire ; on the Continent it is of more frequent occnr- 
rcnce, the chief localities being Styria and Westphalia, where it constitutes entire 
fountains, and has long been famous under the name of “steel ore ” for yielding riJiy 
fine qualities of iron and steeL 

s2 



HtDllATKS: 


17 * 


h«rterme : it appran alao to hk^e bean preeioMlT notiead im 
1861 by Durand (Amer. 3. rtiarm. ;«ui. 112). It ia rejy aolnble in difotom^^ 
acids, which, on tha other hand, dissolve berbei^ne but sparingly ; it may therefore be 
conveniently obtained the alcoholic mother-Uuuors remaining after the separation 
of berbenne (u 379), For this purpose, the alcohol is distilled off, and tholiouid. 
largely diluted with water, is cautiously mixed with amtoonia tiU the resulting 
piUte, consisting of a (iwk>coloured resin, no longer disappears on stirring. If the 
filtrate be then mixed with a slight excess of ammonia, hydrastine is precipitated as a 
brownish-yellow powder, appearing like starch under the microscope, and gndualln be- 
comi^ ciystalline. By repeated crystallisation from alcohol, with help of Hfeia char- 
coal, it is obtained in colourless, shining, four-sided prisms, becoming dull when dry 
Hydrastine is nearly insoluble in wat^, but dissolves easily in alcohol, rfisr, cklm* 
form and benzene^ and may be extracted directly from the pulverised rt^ot by heating 
it in a percolator with either of these solvents, neither of which will dissolve berberine 
Hydrastine melts at a temperature a little above 1 00° ; it has a sharp bitter taste, but 
does not apj^ar to be poisonous. Strong nitric acid colours it yellowish-brown ; with 
sulphuric acid and chromate of potassium, or peroxide of lea^ it assumes a brick-red 
to carmine-red colour. Its solutions mixed with chlorine- water acquire a blue fluo- 
rescence. 

The salts of hydrastine are for the most part soluble. 

®T*^*^®*®* term is applied to compounds containing oxygen and hydiogeXL 

the whole or part of which exists, or may be supposed to exist, in the form of water* 
c. y. » 


Hydrate of sodium 
Sulpliuric acid 
Crystallised alum 
Crystallised glucose 


Na»0.H*0 
. SO*.H'0 
. A1'KS*0» 6H»0 
. C*H‘»0*.H*0 


Hydrate of chlorine . . C1.6H*0 

Hydrated chloride of barium BaCl*.2H*0 
Crystallised sulpharsenate 

of sodium . . 2Na*A8SM5IPO 

Hydrate of turpentine . C'®1I‘*.‘2H^0 

Hydrated oxides may be regarded either ns compounds of water with anhydrous 
oxi.les, as in the formulae of hydrate of sodium and sulphuric acid above given, the 
water playing the part of an acid in the one cjise and of a base in the other; or as 
compounds formed from a simple or complex molecule of water, «riH>, by the replace- 
ment of part (mostly half) of the typic hydrogen by a radicle eitlier positive or nogatire; 



Basic. 

Hydrate 
of Budium. 

Acid. 

AtcoMfe. 

Water. 

Nitric acid. 

Ethyllc alcohol. 

H’O 

^h|o 

• T|o 

T|o 

g:|o« 

Calcic hydrate. 

Sulphuric acid. 

Glycol. 




2:|o- 

Hydrate of 
aliiniinium. 

Orthophotphorie 

acid. 

Glycerin. 

^r[o. 

(por|o. 



Stannic hydrate 

Glycero- sulphur Ic 
acid. 

Trlethylenlc 

alcohol. 

g:|o‘ 

ir|o. 

(SO*)" ) 

H» J 




Pjrrophosphoric 

Tetretbylanlc 



acid* 

alcohol. 

2:(o* 





Ferric hydrate. 

Glyrerotartaric 

Pentethyleole 


acid. 

alcohol. 

g:|o‘ 


(C*H»0»)*M 

(Cnj*)'"lo* 

H* / 


2:io’ 


Triflycerlsi. 




las^hree compounds in the third column and the last four in the fborth, 
P as of hydrates in which more than haH the ty{ne faydrogen ia rsplaoM 


If 2 





mixture or 


a considerable amount of man^nese and small 
cniMiySlf is ^metimeilaitso^ted with lead and copper ores, 
d^c., I^iit is l^iie^^ quite free from any ad- 

of Spoihkf It*oti s> 



Carbonic acid . 
Phosphoric acid 
Sulphuric acid . 
Iron pyrites 

Wa‘«'^jSneF 

Organised substance 


Percentage of iron 


0*54 trace 
. . trace 


0-39 trace 


37-20 

trace 

38-86 

39-18 

38-22 

38-36 

41-76 

trace 

004 

0-30 

0-18 

• 

• • 

• • 

0-11 

0-38 

99-96 

100-32 

100-00 

100-00 

100-47 

99-23 

38-96 

34-67 

34-18 

33-90 

28-63 

13*98 


Ferrous carbonate mixed with clay often occurs with beds of coal, in sedimentay 
rocks and is known under the name of argillaceous, ephaerosiderite, or day iron ore. It 
is compact and earthy ; of various shades of grey and brown, or sometimes quite black, 
owing to an admixture of carbonaceous substance, and occurs in lenticular mMses or 
nodules. This ore is generally very abundant in the coal measures ; but in some 
instances it is almost wholly wanting in those rocks, as for instance in the coal fields 
of Northumberland, Durham, Lancashire, and Belgium. The principal localities where 
it is worked in this country are the coal fields of Scotland, Staffordshire, Shropshire 

I^s^found to some extent in France and Germany, and abundantly in America, 
but is not worked there. 

Analyses of Clay Iron Ore from the Coal Measures, 


Colquhoun. 


Feme oxide 

M^^n^^xide 
Alumina . 


Magnesia 


Organic substance 


Percentage of iron 


1-16 0-23 

35-22 63-03 


i-47 

1-16 

0-23 

2-72 


35-22 

63-82 

40-77 

'6-13 

6-34 



2-10 

8-62 

1*61 

0-90 

2-77 

6-19 

0-28 

0*72 

9-70 

9-66 

2*00 

10-10 

32-24 

32-63 

34*39 

26-41 

0-20 

0-62 






1*00 

*1-60 

*2-13 

7-70 

17*38 


. . 99-66 100-37 100-00 100 00 

40-90 34-00 28-40 41-60 34*60 























w HYDRATES — HYDRIDES. 


or Blcoliolie radicle t other examples of such hvdrates (which may also regard^ 
M aBhydiides, inasmuch as they are formed by dehydration of normal hydrates) will 
be linind under EthyliW HronaTBS of (ii. 676), Gltcbbyl, HynttATBS of (ii. 894), 
GLTCBBOTAfiTAmC ACIDS (u. 893). . . . j ^ ^ 

Metallic hydrates retain the elements of water with various degrees or force. 
Hydrate of copper parts with its water at a very moderate heat ; hydrate of calcium, 
at a strong rea beat ; while the hydr. tes of potassium and sodium are not decomposed 
by the strongest heat that can be applied to them. Hydrated acids likewise exhibit 
^various degrees of stability. Tribasic phosphoric acid, P^O^.SH^O or PH*0^ gives off 
part of itf water at a red boat, being converted first into the dibasic acid, I”0^2H*0, 
and ultimately into the monobasic acid, P*0‘.H*0, which resists further decomposition. 
The hydrates of volatile acids exhibit remarkable relations to heat. Under given cir- 
cumstances of pressure and temperatures, there is for each acid a certain proportion of 
water which forms a stable compound, a weaker acid under that pressure and tempe- 
rature giving off water, and a stronger acid giving off acid, till the most stable compound 
remains behind (Roscoe, Chem. Soc. Qu. J. xiii. 146). See Sulphukic acid, Nitric 
ACID, ChLOBHYDMC ACID, &C. 

The hydrates of the stronger acids and bases may be formed by direct combination of 
the anhydrous base or acid (anhydride) with water, the combination being sometimes at- 
tended with great evolution of heat, as in the case of sulphuric acid, baryta, and lime. 
In other cases, the hydrate cannot be formed directly, and in others again the union 
takes place but slowly. Acetic anhydride may be left, in contact with water for several 
, days without dissolving in it ; but on the application of heat, it gradually dissolves. 
Among organic acids, it is found that dibasic acids are formed by the direct union of 
the anhydride and water, and that the hydrate may be decomposed by heat : this is 
the ease with succinic and tartaric acids ; whereas the hj’drates of monobasic acids, 
such as acetic acid, cannot be thus decomposed by heat alone. This difforeneo is pro- 
bably related to the fact, that the molecule of a dibasic acid, like succinic acid, 

I contains a sufficient number of atoms of basic hydrogen to form water ; 

C*H®0 } 

whereas the molecule of a monobasic acid, such as acetic acid, .r [ 0, does not. 


The hydrates of lithium, sodium, potassium, barium, strontium, and thallium, are 
easily soluble in water, forming strongly alkaline solutions ; hydrate of calcium is 
moderately soluble ; the other metallic hydrates are insoluble or nearly so ; those of 
magnesium, mercury, leml, and silver are, however, sparingly soluble. The hydrates 
of the more acid or chlorous radicles are all more or les.s soluble in water, with the 
exception of certain organic acids of high atomic weight, such as the higher members 
of the fatty acid series, palmitic, stearic, cerotic acid, &c. : these bodies dissolve readily 
in alcohol and in ether. Similar remarks apply to the alcoholic hydrates. 

In many hydrated compounds, part or the whole of the oxygen and hydrogen ap- 
pears actually to exist as water, as in bases, salts, &c,, containing water of crystallisation : 
e.g. crystallised hydrate of barium, Ba"H*L)*. 811*0, crystallised alum (S0*)*Ar"K.12H'U. 
Water can unite in this manner with salts and other bodies in the most, various pro- 
portions, sometimes one molecule of the salt being united with several molecules of 
water, as in the instances above given, and sometimes, though less frequently, one 
molecule of water with two or more molecules of the suit; sometimes in more complex 
proportions, as in crystallised nitrate of strontium, Sr"(N0^)*.6H*0. 

Water thus united with a salt or other body is for the most part expelled at 100® G- : 
some salts, however, retain part of their water with greater tenacity than the rest ; thus 
crystallisod sulphate of zinc, Zn''S0*.7H*0, gives off' 6 at. water atldo®, but retains the 
seventh atom till heated to 238®; sulphate of magnesium, exhibits 

similar dopt)rtniont. Moreover, this last atom of water, whichT|rt 
appears to be more intimately united with the salt than the 
molecule of another salt, as sulphate of potassium or ammonium ; 

Grystallisod sulphate of zinc . . . Zn"S0bH*0 6 aq. 

Sulphate of zinc and potassium . . . | of Zn"K*(SO^* + 6 


its greater stability 
lay bo replaced by a 


Water united with a salt in this manner is called by Qraham constitutionaJ water, 
to diatinnish it from water of crystallisation, l.iebig distinguishes these hydrated 
oompounds, Zn''SO*.H*0, by the term halkydrates, 

MimULinUO UAKBBTOITB, See LiMBSTomL 


BmBXBBS* This term is applied chieflly to the compounds of hydrogen with 
mehvls. alcohohrodicles, and organic acid-radicles, e.g, hydride of copper, Cu*li* ; 
hydride of ethyl, C*H*.H ; hydride of benzoyl, C’HKI.H. 



occurs as thin layers m the oou mei^inires of 
Wales, and is known under of bl 
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Analyst 


Ferric oxide 
Ferrous oxide . 
Manganous oxide 
Alumina • 

Lime . 

Magnesia . 
Potash . 

Silica . 

Carbonic acid 
Phosphoric acid , 
Sulphuric acid . 
Iron pyrites 

Water j*‘y8~8copi 

\ combined 
Organic substance 
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Bun- 
ker'! Darlaston. 
Hill. 




Ferric oxide , 
Ferrous oxide . 
Manganous oxide 
Alumina . 



Carbonic acid 
Phosphoric acid 


Ainc sulphide 
Iron pyrites 


00*99 

98 * 

86*74 

36 * 


99*61 99*81 
28*87 41*06 






















HYDRIDES. 


m 


Metallic Hydrides. A few only of these oompoundi are known. Tlie most 
important are the gaseous hydrides of arsenic and antimony, AsH* and 8bH* 
(i. 322, 371), formed on the ammonia type. Phosphoretted k^rMcn, or 
PH*, belongs to the same class. There is also a solid hydride of arsenic, supposed to 
have the composition AsH*, produced when water is electrolysed by a stsnng current, 
with metallic arsenic for the negative pole. It is doubtful whether a hydride of 
bismuth exists, analogous to the gaseous arsenides of arsenic and antimony. Hydride 
of (H^per, Cu*H*, produced by the action of hypophosphorous acid on aqueous 
cupric sulphate, is remarkable for its reaction with hydrochloric acid, the products of 
which are cuprous chloride, Cu’-Cl*, and free hydrogen (ii. 66). A hydridh of iron hiui 
been obtained by Wanklyn and Carius (Ann. Ch. Pharm. cxx. 69) by ^ting'on 
ferrous iodide with zinc-ethyl. It is a black metallic powder, which gives off hydrogen 
when immersed in water. 


Hydrides of Alcohol-radicles. — 1. Of the radicles These hydrides 

are the horaologues of niarsh-gaa, or hydride of methyl^ the lowest term of the 

series. The hydrides of ethyls trityU and Utryl are gaseous at ordinary temperatures; 
the rest, up to tlie higlu^st yet obtained, are liquids of more or less disagreeable 

odour, burning with a slightly smoky haine, and regularly increasing in epeciilo. 
gravity, vapour-density, and boiling-point, as their atomic weights become greater. 
The highest terms of the series will doubtless be found to be solid waxes and 
paraffins. 

Hydride of methyl (marsh-gas) is produced by the putrefaction and dry distillation 
of organic bodies, and by distilling acetic acid or acetone with excess of potash (L Ti). 
Hydride of ethyl is obtained by the decomposition of ethyl itself, which under certain 
circumstances splits up into this compound and ethylene (ii. 666): 

2C*H* = C*H*.H + C*H*; 

also when iodide of ethyl is decomposed by zinc in presence of water: 

2C*H‘I + IPO + Zn» = 2(C*HMI) + ZnH»0. 

Hydride of tetryl, CH£®.H, is produced by heating tetrylic alcohol with chloride of 
zinc, and hydride of amyl, C4I‘'.H, tog< thor with several of its higher homologues^ by 
similar treatment of ainylic alcohol (p. 147). 

Hydride of amyl and some of its liomologues are also contained, together with 
other hydrocarbons, in the light oils resulting from the distillation of Hoghead coal 
(Gr. Williams, riiil. Trans. 1867, p. 727; Jahresbor. 1857, p. 437.~ChDm. Soc, J, 
XV. 130), and of Wigan canncl coal (,Schorlemm6r, Chom. Soc. J. xv. 419); for 
the mode of separating them, see p. 146. Many of the.se alcoholic hydrides are also 
contained in Aineru;an peti’oleum or earth-oil (which indeed appears to consist almoet 
entirely of them), hydride of hexyl, constituting the principal jwrtion (Polouze 

and Gahours, Ann. Ch. Pharm. exxiv. 280; cxxvii. iy6;cxxix. 87). They are separated 
by fractional di.st illation, and purifieil by successive treatment with sulphuric acid and 
carbonate of sodium, dc.siccation with anhydrous chloride of calcium, aistillation over 
sodium, and final rectification. In this manner, Pelouzo and Cahours have obtained 
twelve of these hydrides, includecl under the general formula from hydride 


Specific Gravities and Boiling Points of Alcoholic Hydrides, C"H*"**‘ 


ITvdrides of 
l^otryl . 

Amyl OH'* . 
Ib xyl OH" . 

He[.tyl Oil" . 

Octvl C»H'« , 

Nonyl OH» . 
Det*utyl C'»H» . 
EndccafylC"H« 
iMecatyl C'*H** 

TridecatylO»H* 
Tetradecatyl 
C'<H*» . 
Pentadecstyl 
C»H** . 

Sp« lllf gravitifs. 

Boiling poinia. j 

Pc1'>uzf and 
Cahouri. 

SeJu-r- 

Ifinmer. 

Wort*. 

reloijsc and 
Caliouri. 

Schor. 

lemmer. 

Wurts. 

0 628 at 17® 
0-G69 „ 16 

0 699 „ 15 
0-726 „ 16 
0-741 „ 15 
0*757 „ 15 
|0765 „ 16 
;0-776 „ 20 

0 792 „ 20 

0-636 at 17° 
0*678 „15*5 
0*709 „ 17*5 
0-719 „ 17 

0*728 at 0® 

0*763 0 

little aboTw 0° 
30° 

68 

92— 94 
116—118 
136—138 
160—162 
180—184 
196—200 
216—218 

236—240 

266—260 

39°— 40° 
68 — 70 
98 - 99 
119 —120 

28°— 80° 
60 — 64 

116 —118 
134 -.187 

166 —167 
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wt 


South Wales. 




Source , 

;;Vv 

Name of ore 

Fonly" 

pool. 

airoii. 

Cwm 

Avon. 

Aberdaro. 

Aber- 

carn. 

Llanelly. 

Balls. 

Black 

pin. 

Sulphury 

mine. 

Coal brass. 

B 

lack band, 
raw. jcalcined. 

Analyst . 

Riley. 

Dick. 

Price ANicholson. 

Ratcliffe 

Pri< 

:e. 

, n 

Ferric oxide . 
Ferrous oxide . 
Manganous 4 )xide . 

Manganic oxide 

Lime . 

Magnesia 

Soda 

Potash 

Alumina . 

Clay 

Silica . . 
Carbonic acid . 
Phosphoric acid 
Sulphuric acid . 
Sulphur . 

Iron pyrites 

^‘‘‘"leombineT” 

Organic substance . 

0-60 

44-60 

0-73 

*2()6 

3*26 

013 

*6-95 

io-81 

30-92 

0-23 

Vil 

1 0-76 
0-21 

0- 46 
41-22 

1- 07 

*2-89 

3- 68 

0-48 

4- 88 

1*1 60 
30-07 
0-76 
trace 

0 16 

*1-21 

0-82 

0- 34 
40-30 

1- 03 

*1-44 

2- 94 

0-82 

7-90 

14-43 

28-23 

trace 

*0-09 

0-74 

*0-29 

37*07 

0-23 

*6-6*1 

7*40 

*2-70 

37-14 

0-23 

trace 

*9-80 

42-64 

0-26 

*6-24 

6-26 

36-89 

0-17 

*0-22 

*8-87 

4-10 

43-37 

1 1-60 
^ 3-00 
0-26 

0- 32 
6-6 

•80 

30-60 

trace 

1- 56 

*0-27 

0-31 

6-26 

43-30 

1-08 

*1-26 

2-67 

7-20 

28-46 

0-67 

0-26 

16-10 

80-00 

1 1-80 
2-10 
4-45 

10-61 

1-03 

Percentage of iron . 

100-24 

34-96 

99-28 

32-44 

99-43 

31-63 

100-18 

28-88 

99-66 

33-17 

100-28 

36-4 

100-00 

33-68 

99-99 

66-00 


CT»y iron ore al»o occui's nljundantly in Btrata belonging to the Lias, as 
Oolito^and Tertiary series of rocks, sometimes prtiaUv or wholly Mnverted into brown 
fr^n or^ by al^eric oxidation.’ This ore T now largely worked xn the Cleveland 
diBtrict in Yorkshire. 


Analysis of Clay Iron Ore from the Lias and Oolites. 


Source 

Middles. 

bro. 

Hutton 

Low 

Cross. 

Eston 

Nab. 

Upleat- 

ham. 

Selmont 

Gros- 

mont. 

Nor- 

manby. 

North- 

ampton- 

shire. 

Analyst 

Percy. 

Crow- 

der. 

Crow- 

der. 

Crow- 

der. 

Percy. 

Percy. 

Pattln- 

son. 

Dick. 

Ferric oxide 

Ferrous oxide . 
Manganous oxide 
Alumina . . . 

Zinc . ^ . 

Magnesia . 

Potash . • 

Silica 

Carbonic acid . 
Phosphoric acid 
Sulphuric acid . 

Iron pyrites . , 

Oi^^anio substance 

2-86 

43-02 

0- 40 
6-87 
6-14 
6-21 

*7 17 
26-60 

1 - 81 

*0-34 

3-14 

0-16 

4-26 

40-86 

*3-44 

3-80 

3-70 

* 7-20 

82-60 

0-96 

0- 30 

1 - 60 

1 1-46 

1-20 

43-36 

*9-88 

0-68 

6-36 

* 7-66 

22-96 

3*87 

* 0-69 

1 6-07 

6-80 

38-26 

1 * 2-20 

6-00 

2-40 

7-46 

26-40 

0-60 

trace 

trace 

1 800 

3-50 

39-00, 

*946 

23-06 

1-60 

1 3-66 

4*0 77 
067 
1-32 
4-08 
6-34 

*8-80 

31-80 

0-06 

1 2-70 

2-60 

38-06 

0- 74 

6- 92 

7- 77 
4-16 

io-36 

22-00 

1- 07 
trace 

0*14 

1 4-46 

3-31 

33-29 

1-11 

7-89 

0-60 

11-77 

0-20 

19-49 

24-79 

0-22 

trace 

0-13 

*064 

0-08 


100-61 

100-06 

100-00 

100-00 

100-30 

99-10 

97-27 

10 >-32 

Percentage of iron 

36-46 

34-76 

34-64 

33-81 

32-78 

81-71 

31-42 

2 S - 2 > 



\m: HYDRIDES — HYDRO APATITE. 

of totryl, boiling at a few above 0®, to hydride of pentadecatyl, , 

bmlitig between .255® and 200®, The oil also yields a quantity of liquid boiling above 
SiW®, and doubtless containing some of the higher terms of the same seriea Moreover, 
in lK>riog for it, large quantities of gas escape, exhibiting the characters of marsh-gas : 
hence it is probable that, in the great geological changes which have given rise to the 
separation of this remarkable liquid, the whole series of homologous alcohol-hydrides 
C**H***‘*'* has been produced, from marsh-gas up to the highest paraffins. 

The preceding table (p. 181) exhibits the specific gravities and boiling-points of the 
alcoholic hydrides obtained from these several sources. The vapour-densities have also 
^en determined in all cases, and found to agree nearly with those calculated from the 
respective formulte for a condensation to 2 volumes. Wurtz’s determinations were 
made on the hydrides obtained by the decomposition of amylic alcohol ; Schorlemmer’s^ 
on those from cannel-naphtha ; those of Pelouze and Cahours, on the hydrides from 
American petroleum. 

These al^holic hydrides are very stable compounds. They are little, if at all, acted 
nfmn by Aiming nitric acid^ strong aulphurio add^ or bromine \ but chlorine converts 
them all into the corresponding alcoholic chlorides C*H*“'*’*C1. 


Each alcoholic hydride of the series (except hydride of methyl) is 

* identical in composition with a radicle, simple or mixed, belonging to the same series : 
Abus — 


Hydride of Ethyl 
„ Trityl 

„ TetrylC*H»H 

Amyl 

and generally ; 


Methyl CH».CH* 

Methyl-ethyl CH«.C*H» 
Ethyl C*H».CW 

Ethyl-trityl 
Methyl-tetryl 




C«tt H*“ +‘. 






The question, therefore, arises : are the members of the two series, the alcohol- 
radicles and their hydrides, identical or only isomeric? Soon after the isolation of the 
alcohol-radicles by Frankland and Kolbe, in 1849, Laurent and Gerhardt pronounced 
the opinion that these compounds were the homologues of marsh-gas. This view has 
not been generally received as correct (see Alcokol-hadiclbs i. 96) ; but recently, 
Schorl emmer (Chem. Soc. J. xv. 425) has endeavoured to solve the question by 
examining the prc^ucts obtained by the action of chlorine on the radicles and their 
isomeric hydrides. He finds that ethyl-amyl, C*H*. C*II“, treated with chlorine, yields 
a chloride, G’H'-'CI, agreeing in composition, as well as in boiling point and other 
physical properties, with that which is produced by the action of clilorine on hydride 
of lieptyl (p. 144). From amyl, Schorlemmer obtained, in like manner, a chloride, 

boiling at aliont 200®, which he regards as identical with that which Wurta 
obtained by the action of chlorine on hydride of decatyl, From these 

results, Schorlemmer concludes that no chemical difference exists between the alcoholic 
hydrides and the radicles, at least among the higher members of the series. 

2. Hydridte of the AlcohoUradiche — Two compounds of this series aro 

known, viz of Phenyl (Benzene) C*H* - C*II* H 
Hydride of Benzyl (Toluene) C’ll* — C'H^H 

Both these hydrides are contained in the light oils obtained by the distillation of 
coal. When treated with strong nitric acid, they yield substitution-products, in the form of 
heavy oils, the formation of which affords the means of separating they hydrocarbons 
from those of other series with which they may be mixed (p. 146)^^ The preparation 
and properties of these hydrides have already been fully described ^^642, 573). 

The hydrides of alcohol -radicles of other series have not yet beejl^btained. 

Hydrides of Acid-radicles: The aldehydes, referred to the hydrogen -type HIT, 
constitute this class of eompounds, e.g, acetic aldehyde, C*H^O «■ ; benzoic 

aldehyde (bitter-almond oil), C^H^O C^H*O.H (see Aldehydes, i. 110). 

S V A&OSTXC AOXS. An acid formed from aloetic or chrysammte acid by 
the action of water and stannous chloride. A dark violet powder is then produced, 
which at 120® contains, according to Mulder, This stannic salt, 

treated with potash, gives off ammonia and assumes a blue- violet colour ; and when heated 
with strong nitric acid, gives off nitrous fumes, turns red, and yields, first aloetic acid, 
then, after longer boiling, chrysammic acid (Mulder, Ann. Ch. Pfaarm. Ixxii. 265). 

-A- hydrated phosphate of calcium, containing fluorine, found 
m milk-white, transluc^t, warty concretions, in clefts of a ferruginous-argil- 
mceous rock, imliedded in a blac^ slate, near St. Girons (Ari5ge) in the Pyrenees. 
It scratches fiuor spar, but is scratched by steel. Specific gravity « 3T6. It conUins 



IRON, 
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Both day iron ore and cazhonaceons iron ore are frequently acoompanied by fdmix- 
tures of metalliferous, sulphuretted, arsenical, aiMi^||^hatic minerals, so^sel^es in 
such amount as to detract from their value for snldpg purposes ; but ' ’ 

are sufficiently pure to furnish iron of good qualit^B«pe kinds of the ore : 
as “coal brass ” also contain a considerable amount ot ferrous, carbonate, thou^ 
were disregarded as iron ores, until attention was directed to their compositioi^ 
by Messrs. Price wid Nicholson. 'V 

Native iron Sul'phides occur very frequently and in great abundance in some 
Of late years these minerals have been nruch used as a source of sulphur, and are j 
imported from Spain and Norway for that purpose. The principal varieties are : , 

1. Iron •pyrites {Eisenkies ; pyrite\ which has a yellow colour and metallic luitre. 
Specific gravity 4*9 to 6 1. It occurs crystalline, granxilar and compact, frequently 
disseminated through other minerals. In its purest state it contains 63*33 per cent, 
iron, and 46 67 per cent, sulphur. 

Analyses of Iron Pyrites, 



Analyst 

Pattinion. 

Price k 
Nichol- 
aon. 

Clap- 

ham. 

Source 

Spain. 

Bel- 

gium. 

West- 

phalia. 

Norway. 

Ireland. 

Coal 

brasses. 

Wales. 

Corn- 

wall. 

Iron 

38*70 

41*41 

39*68 

38*22 

39*22 

40*62 

31*44 

1 49-72 

32*20 

Sulphur . 

44-60 

49*30 

46*01 

45*60 

46*60 

44*20 

38*10 

34*34 

Co[)per . 

3*80 

6*81 


, 

1*80 

0*90 

trace 

, , 

0*80 

I.»ead 

0*68 

0-66 

o-sV 

0*64 

, 

1*50 


. 

0*40 

Zinc 

0-30 

trace 

1*80 

6*00 

1*18 

3*61 


, , 

1*32 

Thallium 

Ferrous oxide . 

trace 

trace 

trace 

trace 




11*01 


Lime 

0*14 

014 

0*2*5 

o*ii 

2l’o 

0*2*4 

4*96 

7*96 


Magnesia 

trace 

trace 



0*01 

, , 

0*33 

6*74 


Carbonic acid . 





1*66 

, , 

6*11 

19*29 


Arweiiic . 

0*26 

0*31 

trace 

trace 

, , 

0*83 

trace 

, , 

0*91 

Oxygen . 

0*23 

0*26 

0*42 

0*37 

0*46 

0*26 

0*31 



Coaly substance 
Gangue . 


, 


, 

. 

, , 

14*46 

6*10 


ii*i’o 

2*00 

1*2*2’3 

8*70 

908 

8*80 

1*40 

, , 

29*0 

Moisture . 

0*17 

0*05 

0*26 

0*36 

0*17 

0*90 

0*90 




99*88 

99*93 

99*91 

100*30 

100*16 

100*34 

100-30 

99*81 

98*98 


2. White iron pyrites {StrahUcies ; pyrene\ is a variety of iron pyrites of a white 
colour; it is also of frequent occurrence. 

3. Maamtic pyrites {MagnetJnes ; pyrite inaynetiqtie)^ has a bronze colour with 
tnotallic lustre, and is slightly magnetic. Specific gravity 4*6 to 4*7. It occurs both 
crystalline or granular, and compact. In its purest state it contains 60*49 per cent 
irtm, and 39*61 per cent, sulphur. 

4. Arsenical pyrites {Mispickd ; Arsenides ; fer arsenkaJ), has a steel ^ey colour, 
and metallic lustre. Specific gravity 6^ to 6 2. It occurs in the same states as iron pyrites, 
frcfjuently associated with tin ores, and contains 34 '35 per cent, iron, 10*96 per cent, 
sulphur, and 66*79 arsenic. This mineral frequently contains a considerable amount of 
silver. Both it and the other varieties of iron pyrites sometimes cont«hf gold, and 
varying proportions of other metallic sulphides, especially copper pyrites, with which 
they are frequently associated. 

The residue left after separating sulphur from iron pyrites by roasting, is smelted to 
extract the copper it contains; and attempts are being made to use it also for obtaining 
the iron from it 

Of other native compounds of iron that occur in large quantities, the most important 
are the chromate (see Chbohb iron oeb, i 939) ;the titanaUs iserine^ and (see 

TrrAMATBs) ; the tungstate (see Wolfram) ; the silicates (see ORirair babtb, ii 944, 
and Silicates) ; Umo feTtous and ferric phe^hates. (See Phosphates.) 

— 1. Pure iron may be obtained by heating pure ferric oxide in % 
current of hydrogen gas.' If the reduction be efiTected at the lowest possible temperature, 
the iron is obtained ui the state of a grey powder which is pyrophoric, and takes fire 

contact with atmospheric air, being converted into ferric oxiae.^ At a Strong red 
neat the metal is obtained in a spongy state and is less readily oxidised. 



HTDROBENZAMIDE. tin 

40‘00 per cent. P*0*, 52*85 CaO, 3*36 P, and 5*30 winter, togi^ther with OHIS fenrif 
phcNsphate, agreeing nearly with the formula SCa*E^0VCaF*.3H''0. (Damour, Anm 
Min. [6] X. 65; Jahreeber. 1856, p. 874.) 

KnMOSnrZAJMOnmi TVibmzvtetu-diamide, Hydride of 

btnffoyl. (Laurent, Ann. Ch. Phya. [2] Ixii. 23 ; Ixvi. 18 ; [8] i. 300.— Bertagnini, 
Ann. Ch, Phann. Ixxxviii. 127.) — ^Tbia compound, which may be regarded as a tertiary 

diamide, N*(C'&*)*, in which the hydrogen is completely replaced by the diatomic 
radicle benzylene, is produced by the action of ammonia on hydride of beusoyl (bittei 
almond oil). When rectified bitter almond oil (boiling at 180°) is left in contact with 
aqueous ammonia for a few days, or for only six or eight hours if the liquid be pre- 
viously heated to the boiling point of the ammoniacal solution, a oryataliine mass is, 
formed, which most be broken up, washed rapidly with ether to remove adhering oil, 
and then dissolved in boiling alcohol, which loaves undissolved a number of secondary 
products resulting from tlie action of the ammonia on hydrocyanic acid ooii|ained in 
the bitter almond oiL According to Ekman (Ann. Ch. Pharm. cxii. 151), hydi^h^n- 
zamido may be obtained in fine crystals by mixing bitter almond oil with an equal 
volume of ether and strong aqueous ammonia, and leaving the mixture at rest 

Uydrobenzamide separates from its alcoholic solution in colourless octahedrons with 
a rhombic base, truncated on their longer lateral edges. Angles of the terminal edges^ 
130° and 122°; angles of the lateral edges, 84° 50'. It is insoluble in water, very 
soluble in alcohol and ether. The crystals are destitute of taste and odour, but the 
alcoholic solution has a taste of burnt almonds. The crystals melt at 110°, forming 
a thick oil, which has a sweet taste, and solidifies after a while to an opaque btowii 
moss. 

De^iomposiiions, — 1. Hydrobenzamide, when heated in the air, takes fire, and bnmii 
with a not unpleasant odour (Laurent). — 2. Between 120° and 130° it changes in 
three or four hours into amarine (Bortagnini). — 3. By dry distiliaiion, it yields 
lophine and a strong-smelling volatile oil, leaving a small quantity of carbonaceous 
matter (Laurent). — 4. When the alcoholic solution is continuously boiled, ammonia 
escapes, and on evaporating the aleohol, bitter almond oil remains (Laurent),— 
5. Boiled with aqueous chromic acid^ it yields a large quantity of benzoio acid 
(Fownea, PhiL Trans. 1846, 263). — 6. With acids^ even at ordinary temperatures^ 
it yields bitter almond oil and the Hminonia-salt of the acid (Laurent, Fownos). — 
7. Boiled with it changes gradually and without perceptible decrease of 

weight, into amarine, only a faint odour of bitter almond oil being evolved (F o wn e a). 
Boiled with alcoholic potiish, it gives off a small quantity of ammonia and bitter 
almond oil (Laurent). — 8. When it is fused with hydrate of •potaeeium^ Xho meiem 
Vu'conips first light yellow, then dark yeIlow% and ultimately brown and black ; and if 
slowly heated, gives off nothing but ammonia: if the heat bu continued, there is given 
off, l>osides ammonia, a mixture of about 4 vol. hydrogen gjis to 1 vol. carbiiretted 
hydrogen. The black residue contains carbonate and cyanide of potassium, benzo- 
stilhin, bonzolonc, and a small quantity of a yellow oil, which thickens and booomes 
viscid on exposure to the air ; the mass, which has then become dark yellow, contains 
nothing but benzostilbin and a considerable quantity of the yellow oil ^Rochleder, 
Ann. Ch. Pharm. Ixi. 89). — 9. Ilt-aUHl with it yields a red fusible mass and 

a small quantity of charcoal (Laurent). — 10. When yr/riV is passed through 
tl»c alcoholic solution, sulpliide of benzylene is pnxlucod (C a hours). 11. Asolution 
of hydrobenzamide in absolute aleohol mixed with a solution of su/phuroua anhydride 
in absolute alcohol, deposits, after a while, a white precipitate of sulphite of benzoyl 
and ammonium, C^lI*(NH*)SO* and the remaining solution yields by distillation, 

first alcohol, then diethyl-benzy'lenic ether, (^* Otto, Ann. Ch. Pharm. 

cxii. 306). — 12. When hydrobenzamide is saturated with hydrochf^nrie acid gae^ a 
compound free from nitrogen slowly volatilises, whilst a non-volatile azoti^ compound 
remains behind, which is not altered by ether, but is dissolved by alcohol, witli sepa* 
ration of sal-ammoniac. This compound (hydrochlorate of hydrobenzamide) is re- 
solved by water into sal-ammoniac and hydjnd© of benzoyl : 

C»»H«N*.2HC1 + 3H*0 - 2NHK:1 + SC»H*0, 

and by absolute alcohol into sal-ammoniac and diethyl-benzylenic ether : 

C»>H'*N».2HCl + 6C*H*0 - 2NHH31 + 

(Ekman, Ann. Cb. Pharm: cxii. 151 ; Jahnwber. 1859, p. 317.— Iiiekc. iHd. 818). 

Uydpochlorate of hydrobenzamide, heated to 160° — 230°, yields, besides bydrodiloffo 
sn oily distillate, containing benzonitrile anti chloride of bem^l, C’H^Cl (i 57SX 
mid Isaves a red-brown residue, which is separated, by digestion with sioohol at osdiiuiy 
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2. A mixture of iron wire or iron filings, with one-fourth part of mag^tic oxide, 
placed in a closely covered cimcible^ under a kyer of pwdered glws, free heavy 
metallic oxides, and exposed to a white heat in a smith s forge, yields a button of iron 

containing only mere traces of carbon or other impurities. 

Manufacture on the large ijco^^.-Malleable iron may be obtoined ^r^dy from non 
ores by heating them with charcoal under the influence of a blast of air. Formerly, 
malleable iron was obtained by this method exclusively, but it is now practised almost 
onlvinSardinia, thePyrenees, India, some parts of Americ^ Africa, and other countnes 
whie metaUurgic art is less advanced than in the great iron-producing districts of 

I ^Production of Trvallcahle iron direct from the ore . — This is chiefly practised ac- 
cording to what is termed the Catalan method. It consists in heating the roasted 
ore with a charcoal fire urged by a blast, and in a manner very simile in its gene^ 
character, to that adopted in working a smith’s forge. The most im^rtant of the 
several aiTangements for this operation, comprised collectively under the terin bloom- 
ery ” (Luppenfeuer, forge Catalan), is the hearth {Heerd; crevaet), which is a nearly 
cubical chamber built of stone, and lined with blocks of iron, s, 5 , t, at the back 
and front. It is placed against a wall N, N, through which the tuyere, T, of tha 
blowing machine projects, as shown in fig. 673. The ore to be reduced is broken to pieces 


Fig, 673. 


the size of a nut, and is placed against the 
front of tlie hearth, 8, s, while the remain- 
ing space M, between it and the back t, 

4 is filled with charcoal, and when the 

hearth is filled in this way, the upper part 
of the heap of ore forms a ridge at dj, g, 
the surface f g, being covered with a layer 
of closely packed charcoal dust {hrasqm). 
The fire is then urged by the blast and tlie 
' ore becomes gradually deoxidised, while 
the gangue or earthy substance contained 
in the ore, combines with a portion of fer- 
rous oxide, forming a fusible siliceous slag 
which collects at the bottom of the hearth. 
Fresh charcoal, and the finely divided ore, 
are constantly supplied to the fire mean- 
while, and eventually the deoxidised 
# mineral sinks down, in the state of mallc- 
able iron, to the bottom of the hearth, 


where a workman kneads together the 
fragments into a spongy mass, which is 

taken out of the fire, and rendered solid 

by hammering while still red-hot so as to 
unite the met^lic particles, and it is then 
4 y/' "' drawn out into bars under a forge-hammer. 

Only the richer kinds of ore can be treated in this way, and it always involves 
the waste of a large portion of the iron, which escapes reduction, and by entering 
into combination with the siliceous and earthy portions of the ore^, forms a slag 
consisting chiefly of ferrous silicate. In the extraction of iron by this method, the reduc- 
tion is elected, perhaps entirely, by carbonic oxide, and the carburation of the iron to 
such an extent as to determine the production of cast iron, is^revented by the want of 



such an extent as to aetermine euw pruuuunuu va caov — j 

an adequately high temperature. , . £ * .i a 

2. Indirect process . — The production of malleable ircjL|fs now for the most part 
effected by operating upon cast iron so as to deprive it offW greater part of the carbon 
and silicon it contains, and at the same time to separate'bther admixtures that would 
be prejudicial to the quality of malleable iron. This operation is (inducted in two 
ways, the one termed the charcoal finery, the other puddling. Both consis i 
partial oxidisation of the cast iron, and production of a fusible ferrous silicate, w i 
reacts upon the carburet of iron and determines the oxidation of the greater part o 
the carbon and other substances contained in the cast iron. ... 

The main distinction between these two modes of operating is that, in the one case 
charpoal is employed in contact with the cast iron ; whUe, in the other co^ is u^ m 
a reverberatory furnace, so that the iron is acted upon in a sej^te chamW 
actual contact with the fuel^ but only by the flame and heated gases produced by its 

c^ iron containing a small amount of carbon is most suitable fbr 
into malleable iron, because it does not melt so readily at a moderate heM and is ^ 
BO liquid when melted as grey cast iron, but softens before melting and remains fi>r 
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t«mperahtrpfl, into a brown «j%tion (A) and yellow flocks. The latter dissolTe in a 
mixture of alcohol and chloroferm, forming a solution which deposits two modifications 
of loph ine, ; the one ctystallising in needles which melt at 230°, the other in 

needles which melt at 170<> Lophinb). The brown solution (A) yields, first, the 
two modifications of lophine jnst mentioned ; secondly, a base, probably amarine, 
melting at 90° ; thirdly, a base, which melts at 100°, forms an oxalate, 

crystallising from alcohol in nacreous laminae, and a platinum-salt, 
C*'H**N* HCl.PtCl®.2H‘‘0, in microscopic prisms; fourthly, another modification of the 
same base, whose platinum-salt is anhydrous; and fifthly, an oily base, C**H“N*, 
forming a hydrochlorato, which melts at 220°, dissolves easily in water and alcohol, 
and crystallises in six-sided prisms. (Ekman, loc. cit. — Kiihn, N. Jahrb, Pharm. xvi, 
Jahresber. 1861, p. 404.) 

V d3. Hydrobenzainide heated with 2 at. iodide of ethyl to 80° — 100°, yields a dark- 
brown viscid mass, which, after purification by solution in alcohol, precipitation by 
ivateij &c.,’ is found to consist of di-iodide of tribenzylene-diethyl-diammonium 

; and the alcoholic solution of this iodide, treated with oxide 

^silver or hydrate of lead, yields the base C“H“N«0 = [(C^£C«)»(C*H*)2N*]0. This 
again treated v^ith iodide of ethyl, does not yi^d any distinct compound. 

4 ^Olrodine, Ann. Ch. Pharfn. cv. 267.) 

• Amarine, isomeric with hydrobenzamide, behaves differently with iodide of ethyl; 
yielding hydriodate of diethyIamarine,C“'H'®(C*H®)'‘'N*.HI, from which, by heating the 
potash, dicthylamarino itself, C‘*'H.'®(C*H*)*N* may be obtained; and this base, again 
treated with iodide of ethyl, yields another base, which forms crystalline salts, and 
appears to conUiin a larger proportion of ethyl. This base is likewise acted upon by 
i<^ide of ethyl, yielding a hydriodate just like the former. Hence Borodino 
concludes that amarine contains at least 3 at. 11, replaceable by ethyl, and represents 

it provisionally by the formula N j ^ 

Oblorlde of Rydrobensamlde* C*'H'®N*CP (Th. Muller, Ann. Ch. Pharm. 
pxi. 144 ; Jahresber. 1869, p. 315), is produced by passing dry chlorine gas over 
hydrobenzamide, which then takes up 19*6 per cent, chlorine, and molts to a viscid 
yellow liquid. It is decomposed by water, yielding sal-ammoniac, hydrochloric acid, and 
an oily mixture of hydride of benzoyl and bonzonitrile, boiling between 180° and 190^: 
C^‘H‘*N-CP + 2H20 « 2CHPO + C^H^N + NH'Cl + HCl. 

Chloride of h)<iro- Hydride of Beozn- 

beiizauiide. benzoyl. nitrile. 


By anhydrous ether it is resolved into sal-ammoniac, and a mixture of benzonitrilo 
with an oily body which boils at 183°, and has the eompo.sition of chlorohydrobenza- 
mide (see below), but differs from thatjiubstanco by its ready decomposibility by water 
into benzonitrilo and hydride of benzoyl. 

Chloride of hydroboiizamide heated to 180° — 200° is resolved into hydrochloric acid, 
chlorohydrobonzainide, which distils over as a colourless oil, and a residue 

which solidifies on cooling, and is resolved, by successive treatment with water, ether, 
and alcohol, into the following compounds; 

The aqueous solution deposits on cooling a white powder, which separates from 
alcohol in hard granular crystals, consisting of C-'^H^’CINMICI or C“li^^N'^.CP ; from 
water the same compound crystallises with 1 at, IPO, Ammonia added to the solution 

throws down [? as a hydrate] the base C'*n‘*N* = N*(C'JP)\ which may be called 
tetrubenzylene-diammonimn. The chloroplatinate, C‘‘“lI**d^N* PtCP, is easily 
soluble. 

The i f AcrrrtZ solution deposits crystalUno needles insoluble J® water, subliming at 
300°, and having the compositioji C*’*IP*N*. 

The alcoholic solution yield.s crystals insoluble in water and in ether, and containing, * 
when dried over oil of vitriol, 0-*lP*N’.HCl.2ir-*O. If the base be separated from this 
salt by ammonia, and redissolved in hydrochloric acid, the solution yields by evapora- 
tion a basic hydroehlnratc, 2C-*H*‘NMICi.2IPO, The chloroplatinate. which is light 
yellow, contains 2(C”U”N*,HCl).PtCP (platinum, by experiment, 17*4 per cent.; by 
calculation, H O). 


Oblorol^dirobensainlde, C^’n'^ClN'. (Th. Miillor. /oc. cff.) — When chloride 
of hydrtjbeuzamide is heated to 180° — 200°, this compound distils over as a coloxirloss 
oil, heavier than water, and having a pungent odour of chlorine and benzonitrilo 
together. It dissolves easily in alcohol and in ether, and is slowly decomposed by 
Orator, with formation of hj’drochloric acivl. When loft in contict, for 24 hours, 
with a mi.xture of nitric and sulphuric acids, it forms a solution from which water 
throws down crystallisablo nitrobonzonitrile. C^H*LN0*iN. 
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some length of time in a viscous condition, which adimts of its presenting a greater 
surface to the action of oxidising agents when stirred about. Its carbon is also more 
easily oxidised than the graphite of grey cast iron. When therefore grey cast iron 
has to be converted into malleable iron, it is in the ftrst instance converted into white 
iron by a preliminary melting in the running-out fire (p. 349), 

The production of malleable iron ' . 

by the charcoal-finery, is practised Fig, 674. 

in different places with a great 
number of minute variations, de- 
termined partly by the nature of 
the pig iron operated upon, partly 
by less important circumstances. 

The charcoal-fineiy employed 
in W’ales, and some other parts of 
the country, for manufacturing the 
sheet iron used for tin plates, which 
requires to be of very good quality, 
is represented in section by Jig. 

674. It consists of a quadrangular 
hearth lined with cast iron plates 
enclosed within brick walls and 
furnished with a blast apparatus. 

About 2 cwt. of pig iron, melted 
with coke in a similar kind of 
hearth, called a melting jinerg^ 
is run into the hearth, covered 
with charcoal and stirred about, 
w hile the fire is urged by a blast 
of air until the iron becomes suffi- 
ciently decarburised to be malle- 
able. Then it is collected in a lump {Luppe; loupe) at the end of an iron bar, and 
removed from the hearth for the purpose of being hammered into a prismatic slab 
about 2 inches thick. This is broken into pieces of about 26 lbs. each, called stamps 
{schirhel; lopins). About three of those stamps are piled upon the flattened end of an 
iron bar termed the staff or portal^ and raised to a welding heat in a kind of 
reverberatory furnace termed the hollow jire^ and again hammered into a slab about 
3 inches thick, which is passed between rollers until it forms a sheet of the requisite 
thickness. 

In Sweden the greater part of the best iron is made in a very similar manner, except 
that there, as well as in Germany and other parts of the Continent, the pig iron is melt^ 
in the same hearth in which it is converted into mal- 
leable iron. An ordinary form of the hearth em- 
ployed is represented hy Jig. 676. 

The pig iron is melted above the tuyere, so that it 
may not be exposed to the blast until it has become 
liquid, and the blast is regulated so as to retain the 
metal on the hearth in a proper state of fusion ; the 
blast is then stopped, the slag nm off, the iron raised 
off the hearth, and placed on the top of a fresh supply 
of charcoal, after which it is again melted. When the 
decarburation has advanced far enough, which may be 
judged of by the consistence of the metal, it is again 
raised up, covered with charcoal, subjected to a 
strong welding heat to melt away the slag, and then 
nammered out to a short bar, which is cut into pieces 
that are again welded together, and drawn out into 
bars under a hammer. * 

In order to appreciate the chemical nature of the 
prf)ces8 that takes place in the charcoal-finery, it is ^ » -y 

nwessary to consider the composition of the slags. They consist essentially of siliw 
and ferrous oxide, but may be divided into two classes, viz. poor slag {Rohsehlacks) 
slag ( 6'aurscA/ac^c). 

The poor slag is formed during the first melting of the pig iron and the eanier stage 
of the operntion. It consists essentially of ferrous silicate. It is very liquid and 
**olidifiesraj^dly, is of a blacb’sh-grey colour with metellic lustre, ciystalline, frequently 
' anegated, and sometimes porous. The crystals have the form of olivrae or iron chry • 
“olite, and the composition of the slag approximates to that of this mineral. 


Fig. 676. 



HYDROBEN2ILE — HYDROBERBERINE, ite 

Ohl^NTOiiltro-lisrdrobeiiBaii&itfe. (Muller, >Thiseom- 

pouod is formed when chlorohydrobeuzamide is left hours in contact with strong 

nitric acid^ and is precipitated by water from the acid solution, as an oily very pungent 
liquid It is soluble in alcohol, and the solution is decopiposed by sulphide of ammo- 
nium, yielding benzonitrile and sulphobenzamide : 

C^'H'-CICNO*)^’ + SH^S « 2C^H*N + C»H»NS* + 2H*0 + HCl + S* 

Cliloronitro-hjdroben*- Bentonitrile. Sulphobeni- 

amide. amide. 

Hn>&OBSJarxmi. O'^H'^0. (Zinin, J. pr. Chem. xxxiii. 35.) — A produet oif 
the action of sulphide of ammonium on benzile It is insoluble in water, 

soluble in alcohol and ether, and crystallises from these solutions in the shape of con- 
cavo-convex lenses. The crystals melt at 47^, forming a colourless liquid, which disHli 
without alteration, and solidifies in a crystalline mass at 42®. They have the smeE of 
bitter almonds, and a saccharine pungent taste. They dissolve readily in sulphuric 
acid, and are precipitated therefrom by water. They are slowly attacked by cbjoiine, 
and'not sensibly altered by boiling potash. 

BTBStOBISIVZOZV. (Zinin, Ann. Ch. Phnrm. cxxiii. 125.)-«-|4i^<!il8ii^ 

pound produced by the action of nascent hydrogen on benzoyl-hydride (bitter 
oil), and containing the elements of 2 molecules of that compound 
1 molecule of hydrogen, To prepare it, 4 pts. of bitter almond oil free from pfUssic^ 
aeitl are dissolved in 6 pts. alcohol of 85 per cent. ; the solution is mixed with 4 
alcohol previously saturjited with hydrochloric acid gas; and one pt. of finely-g^nu*' 
lated zinc is carefully added, so that it may dissolve without pcix'eptiblo evolution of 
liydrogen. When the reaction is finished, the liquid is heated to the boiling point, 
iilixetl after cooling with a small quantity of ether (to remove a body which adheres to 
the zinc and retards the action) and with 1 pt. more of alcohol saturated with h^dro- 
clilonc acid gas, then heated to complete the reaction, and mixed with a quantity of 
water three or four times as great a.s that of the bitter almond oil taken. Hyoyo- 
lieiizoin then separates as an oily iKxly, which soon solitlities in a crystalline mujw, 
and may l»e puritied by washing in water, pressure between bibulous paper (to remove 
an acrid oil), and recry stallisal ion from alcohol (or if somewhat impurt*, previously 
from ether). It is thus obtained in large rhombic plates, which melt at 130^ and boil 
jiIkjvc 300°. 'VV^hen gently heated with 2 pts. nitric acid of specific gravity 1‘36, it is 
converted, without any evolution of re<l vapours or formation of secondary producti^S 
into j)urc benzoin ; with stronger nitric acid, benzil is obtained. It is not attacked by 
fKjtasli, either aqueous or alcoholic, even at tho boiling heat, 

HTBROBBKBBBZ2VB. C^IP'NO*. (Illasiwctz andGilm. Ann. CluPharm. 
ii. 191 ; R4p. Chim. pure, 1863, p. 420.) — A base produced by the action of 
rmscent hydrogen on berberine, as first observed by Hlasi wetz (K5p, Chim. pure, 
1»62, p. 367). It is obtained by boiling in a flask, provided with a condensing tiibo 
to cause the vapours to flow back, a mixture of 6 pts. berberine, 100 pts. water, 10 pts. 
<listiilcd sulphuric acid, 20 pts. glacial acetic acid, a quantity of granulated zinc, and a 
few pieces of platinum foil. Tho liqiiitl gradually loses its colour, and as soon us tho 
froth exhibits a wine-yellow colour, which it does after boiling for an hour or two, tho 
action is stopped, tho liquid filtered, any crystalline deposits that may have formed 
are dissolvetl in dilute sulphuric ucid, and an excess of ammonia is added after cooling. 
Hydroherberine is then obtained as a bulky yellowish deposit, which must be collected 
on a filter, washed, dried at a gentle heat, then pulverised, boiled in alcoliol, and puri- 
fied by rept*ated crystallisation from alcohol. Instead of precipitating the base by 
ammonia, it may be odvanbigeously obtained as a hydrochlorate, by adding 
common salt to the original solution. Tho liydrochlorato is then almost wholly depo- 
sited in the form of a crystalline powder. 

Hydrobcrberinc may also be prepared by acting on berberine with sodium-amalgam, 

• but it is then yellow and more difficult to purify. 

llydroberberine is deposited from a hot alcoholic solution, in small shining granular 
crystals, or flattened needles, which are colourless or slightly yellowish, and appear to 
tolong to the monoclinic system. Itdiffers from beriberi no, C*®H'^NO* (the formula lately 
determined by Perrins, Chem. Soc. J. xv. 339), by four additional atoms of hydrogen, 
snd may be reconverted into that compound by the action of nitric acid. On dmsolvii^ 
ft in a mixture of equal volumes of hydrochloric acid and alcohol, and dropping in 
nitric acid diluted with alcohol, the liquid becomes coloured, and deposits cxystals of 
bydrochlorate of berberine. 

Hydrochloraie of Hydroherherine, C»H»*NOMia.— Crystals of hydroborbsrins 
"pread upon a watch-glass, under a bell-jar within which hydrochloric acid is evolved, 
are converted into a white powder, consisting of the hydrochlorate, soluble in yfsatm 
^aler, and crystallising in laminse on coolingr The salt may also be obtained by 



846 IBON. 


Jnalf/$a of poor Blagtfrom the Charcoal-jmery. 


Source 

. 

• • 

• . • 

MagUfspriiog, 

Analyst 

Miticherlich. 

RammeUberg. 

Walchner. 

Wiegand. 

Ferric oxide . • 


2-26 

62-04 


Ferrous oxide . 

67-2*4 

63-61 

67-3 

Manganous oxide 

0-65 


2-64 

4-6 

Magnesia . 


1-40 

2-8 

Xiime ■ • • 

. , 


• . 

Alumina . 

, , 


. . 

3-0 

Potash . • 

, 


0-28 


Silica 

81-16 

3*4-3‘8 

82-34 

32-4 


99-05 

100-14 

99-70 

100-0 

Eatio of oxygen ml 



•868 

•907 

bases to oxygen in V 

•914 

‘822 

silica . . j 





Percentage of iron . 

62-30 

60-69 

48-26 

44-96 


The rich slag is formed during the latter stage of the operation. It is less liquid, 
and solidifies less quickly than the poor slag. It forms an agglutinated mass ; is heavier, 
of a grey colour, and has a compact fracture. Its composition varies much, and the 
amount of iron is greatest in that formed at the end of the operation. 

In the charcoal-finery process, the separation of the carbon, silicon, phosphorus, and 
manganese from pig iron is effected by the oxidation of these substances, partly by the 
blast and partly by the ferrous oxide contained in the slag, formed at the end of the 
operation. 

Cast iron melted with ferric oxide yields carbonic oxide and iron. Iron containing 
silicon, when heated with iron oxides, yields ferrous silicate. The ferrous silicate consti- 
tuting poor slag is not reduced, either by pig iron or by carbon, at a red heat ; it is only 
at a very high temperature that there is a reaction between the carbon and ferrous oxide, 
with elimination of iron. The more highly basic ferrous silicates, constituting rich 


Analyses of rich Slag from the Charcoal-finery. 


Name of works 

Analyst . 

Swe 

Oyiinge. 

den. 

Skebo. 

Laiich- 

hammer. 

.Sauviguy. 

Norway. 

Rybnik. 

Silesia. 


Winckler. 

Sefstrom. 

Lampadiut 

Berthier. 

Strom. 

Karitcn. 

Hoffinann. 

Ferric oxide 








6-00 

Ferrous oxide 


b-9 

*82*1 

7*70*0 

74-0 

71-3 

61-2 

71-16 

Manganous oxide 


. . 

6-8 

3-00 

3-6 

. . 

6-7 


Magnesia • 

Lime . . 


|« 

2-8 

*1-76 

*1-8 

2-7 

2-4 

0-9 

0- 46 

1- 26 

Alumina 


|l 

, 

3-00 

1-2 

. . 

0-2 


Potash • 


r 







Silica . 


13-9 

7-6 

10-26 

19-8 

21-4 

18-1 

21-01 

Phosphoric acid 


• • 

• • 

1-76 

. . S 
€ 

3-7 





100-0 

99-3 

99-76 

100-4 2 

^9-1 

99-6 

99-88 

Batic of oxygen in] 









bases to oxygen 


2-486 

6-160 

3-698 

1-736 

1-418 

1-7 

1-663 

in silica . .j 









Percentage of iron 


64-48 

63-86 

69-89 

67-66 

66-46 

47-6 

69-60 


fit*g ^ on the contrary, are decomposed, even at a red heat^ by pig iron, in such a manner 
SjS the excess of ferrous oxide is reduced, and a less basic ferrous silicate remains. 

I^ng the first stage of the process, the silicon of the iron, together wth the 
oxidis^ iron, and any sand that may be present, contribute to the formation of poor 
slag; but as the oxidation of the iron coutinues, the slag gradually becomes richer in 
iron, and serves to a great extent as the medium by which the action of atmospheric 
oxygen upon the pig iron is exercised. Phosphoric acid and manganese also pass into 
the slag. The conversion of pig iron in this way must not be carried on too rapidly, 




186 HYDBOBORACITE -.HYDROCARBONS- 

dUsoliixiff the base in hot hydi&bric acid ; the eolation on cooline foinM a jelly, which 
ii gradufily transformed into^^rtals. It is more soluble in alcohol than m water. 
Its solutbns yield copious precipitates with chloride of flatinwm ; from a wann alco- 
holic solution, the platinum-salt is more gradually deposited m orange-yellow crystalliue 

grains, consisting of 2(C«»H*W.HCl).PtCK 

The hydfohromaU and hydriodate are white, crystalline, and very slightly soluble. 

The YiitrcLtef which is also crystalline and very slightly soluble, is seldom obtained 
pure by dissolving the base in nitric acid, because the acid decomposes it ; better by 
mixing a hot, very dilute solution of the sulphate with nitrate of sodium.— -The oxalaU 
ciystaUises in small rhombic plates, the phosphate in tine rhombic plates. 

Sulphates of Hydroberberine. The neutral sulphate, (C"H“‘NO<y-‘.H®SO« is ob- 
tained by dissolving an excess of the base in very dilute sulphuric acid. The liquid 
then deposits needles which fill it entirely, and after being expressed and purifted by 
crystallisation, are very soluble in water, and contain a certain quantity of water, 
which they lose by exposure to the air; they likewise invariably contain a little 
free acid. 

When the base is dissolved in a slight excess of acid, la^e transparent rhombohe- 
drons are obtained, approaching nearly to the cube ; they give off water when exposed 
to the air, and cannot be dissolved in water without decomposition. They appear to 
be a mixture of the neutral and acid sulphates, containing 4C*®H''*N0*.3SH’®0^.4H‘0, 
(C»oHiiNOM*.SH*OV .rT2n 

A moderately dilute solution of this salt mixed with excess of sulphuric acid becomes 
turbid and deposits small mammellated crystals, or a resinous mass, which gradually 
changes into crystals of the acid salt, C**H*'N0*.SH*0*, which may be purified by ro- 
crystallisation fW)m alcohol. 

Tartrate of Hydroberberine forms mammellated groups of needles. 

aUiyl-liydroberberlne. — Hydroberberine heated 

for some hours in a water-bath with an excess of iodide of ethyl, yields a pasty mass, 
which when taken up by alcohol, forms tufts of yellow rhomboi'dal prisms, consisting 
of hydriodate of ethyl-nydroberberlne, C^*H“NO‘.HI, very soluble in water, and con- 
taining water of crystallisation, which they give off entirely at 1 00®, The mother-liquors 
of the preparation still yield small quadrangular laminae of another substance, the 
Admixture of wliich with the first crystals must be avoided. 

B’l'BKOaORAiCZTSS- Hydrated Borate of Calcium and Magnesium, 
3MgO ( — Resembles fibrous and foliated gypsum. Colour white with 

spots of red, from iron. Translucent in thin plates. Melts before the blowpipe to a 
clear glass, tinging tho flame slightly green and not becoming opaque. Heated in a 
tube it yields water. It is slightly soluble in water, the liqtiid having a faint alkaline 
reaction. It dissolves readily in nitric and hydrochloric acids. It was found by Hess 
(Rogg. Ann. xxxi. 49) in a collection of Caucasian minerals. 

BYBROBO&OC.&BCZTS. Syn. with Borocalcite. 

HTDXOBROIIKZC B.CZO. See Bromide of Hydrogen (i. 672). 

BYBBOBBTOTZB. C'^H'^O'*. — An amorphous substance, insoluble in ether, 
but soluble in alcohol, produced hy tho decomijositioii of bryonin (i. 685). 

BYBBOBircUOZ.£ZTB. See Kyanite (p. 449). 

BYBBOCJLXiGZTB. Hydrated carbonate of calcium, CaCp*-5H=0. Found in 
small rhorabohedral crystals, forming an incrustation on wo<^ under water, (See 
Carhonates.) {a 

BVBBOCABBOB8. Compounds consisting of carbon anfit^ydrogon only. The 
number of bodies of this class at present known is very great, but the most important ' 
of them may be arranged in the following groups : 


1. Alcohol-radides . . (C"H*"+*)* homolt^ous with Methyl (CH*)* 

2. Hydrides of alcohol- 

radicles , . . „ Marsh-gas (CH^) 

3. Olefines . . . C^H^ „ Ethylene or Olefiant gas (C*H0 

4 . Hydrocarbons . . » „ Acetylene (C*H0 

6. Camphenes or Terebeucs OH*"”^ isomeric with Turpentine, C**H** 

6, Hydrocarbons , . homologous with Benzene (C*H*) 

Hydrocarbons . . C"H>*— ** „ Naphthalene, C'*H" 

The most fruitfol source of hydrocarbons is tho dry or destructive distillation of 
oegauie bodies^ the nature of the products varying according to the temi»eratare at whudi 
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egpecially in the case of the less pure rarieties, or the oxidation of the silicon, phos*^ 
phorus, &c., and their consequent separation, will not be fully effected ; nor must it be 
too much protracted, or there would be unnecessary waste of iron by oxidation. 

Hot blast has been employed in the charcoal-finery ; but since the object of that 
operation is not so much to obtain a high temperature ^ to separate all the impurities 
ofthe pig iron, the blast cannot be so much heated as in other cases. 

3. Puddling: Frischen im Flammofen; affinage a la houille. — This is at the present 
time by far the most important method of manufacturing malleable iron, espeoially 
in this country. The main difference between the operation of puddling and that of 
refining with charcoal, consists in the use of a reyerberato^ furnace for the purpose, in 
order that the decarburation of the iron may be cftected in a chamber sej^t^ by a 
wall or bridge from the fire-place where the fuel is burnt. The metal is thus kept 
entirely out of contact with the fuel by which the furnace is heated, and it is acted 
upon only by the fiame and hot gas passing over the bridge into the working chamber. 
This arrangement admits of the use of mineral fuel in place of charcoal, and is 
rtquisite for the sake of preventing the iron from becoming contaminated with the im- 
purities always present in mineral fuel in far larger amount than in wood charcoal. 

The construction of the puddling furnace is represented by 7^. 676 in elevation, and bv 
figs. 577 and 678 in vertical and horizontal sections. It is buUt of brick, and cased with 

strong plates of cast iron. 
Fig, 676. held together by iron 

bars. The fireplace is 
shown in the sections at 
b b, and the firing hole at 
a in ! he elevation ; <? is 
the bridge separating the 
fireplace from the work- 
ing chamber f;dd the 
bed or hearth upon which 
the cast iron is melted 
and decarburised. This 
is now constructed of 
cast-iron plates covered 
with a layer of red iron 
ore, or some material 
containing abundance of ferric oxide. The working door g has a small hole at the bottom, 
through wliich the workman stirs about the metal in the furnace. Just below this 
iloor, level with the surface of the hearth, is a small hole called the floss or tap-hole, 
that can bo closed with a plug, and through which the slag is run out from the hearth, 
t^oinetimes the slag is almwed to run away from a hole k below the chimney. The 
Jo<^r A is for introducing 

a fresh charge of pig Fig. 677. 

iron. The chimney i is 
generally from 30 to 60 
hot high, and is fur- 
nished at the top with a 
<lamper -for regulating 
tlie draught, as shown 
in fig. 679. 

The pig iron to be de- 
carburised is piled up on 
the hearth of the work- 
ing chamber, and when, 
after a few minutes, it 
begins to melt, about 26 
per cent, of hammer- or 
mill-scale is added. The 
metal is then broken up 
and stirred about with 
an iron bar called a 
rabble, worked through 
the small hole in tlie 
door g. This is conti- 
nuod until |he whole 
mass is rednoed to a 
kind of sandy, half- 

melted condition. The heat is then increased, and soon after the whole of the metal 
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the decomposition takes place. Thus, coal when diatiUi|^ a bright red, as for the 
production of illuminating gas, yields hydrocarbons beloulSiK to the second, third, fourth 
and sixth of the above groups, tether with a considerable quanti^ of naphtiialene; but 
when distilled at the lowest temperature at which complete decompositiou can take place 
it yields liquid hydrocarbons belone^ng chiefly to the second and third groups, together 
with a large quantity of paraffin, which probably also belongs to the second group. The 
Blow decomposition of organic matters buried beneath the surface of the earth has also 
\ ielded large quantities of hydrocarbons belonging to the second group, as shown by the 
enormous quantities of petroleum found in certain parts of North America, which, as 
already observed (p. 181), consists cdmost wholly of alcoholic hydrides of the general 

formum 

The olefines, C"H*”, are produced by the dehydration of alcohols of the series 
as by heating these alcohols with strong sulphuric acid or chloride of 
zinc, each alcohol then yielding the corresponding olefine, according to the equation 
— H*0 « C"H***. 

The reaction, however, at least in the case of some of the higher alcohols, is much more 
complicated than this equation would imply, resulting in the formation, not only of the 
olefine corresponding to tne alcohol decomposed, but likewise of several of its homologues, 
and of the corresponding alcoholic hydrides ; tl)us Wurtz, by distilling amylic alcohol 
with chloride of zinc, has obtained, not only amylene, but likew ise all its homo- 
logues up to decatylene or diamylene, together with the corresponding alcoholic 

hydrides. 

The low'est term of the olefine series, viz. methylene, CH^ is not known in the free 
state. Ethylene, C*H*, tritylone or propylene, C*H®, and tetrylene, C^H*, are gaseous at 
ordinary temperatures ; amylene, and its higher homologues up to decatylene, 

and cetylene, are liquid at ordinary temperatures, their boiling points 

rising as their molecular weights increase. Cerotene, C*’!!**, and melissene, 
are waxy solids, the former melting at 67° or 68°, the latter at 62°. 

The more volatile olefines tire remarkable for the facility with which they unite with 
rhfitrinr, bromine, and iodine, forming compounds homologous with, or analogous to, 
I>uleh liquid, C^H^Cl*. This property affords an easy mode of separating these olefines 
from any gaseous mixture in winch they may be present : for on passing the gaseous 
mixture through a bottle containing bromine, the olefines are absorbed and converted 
into In iivy oily liquids (hence their name), while the other hydrocarbons in tlie mix- 
ture are unaffected. 

The olefines unite very readily with sulphnric anhydride; and this property liko- 
affords an easy mode of separating them from gaseous mixtures: thus, if a ball of 
eoke or pumice impregnated with Nordliausen sulphuric acid bo passed up into a mix- 
ture of ethylcne-gns with marsh-gas, hydrogen, carbonic oxide, &c., the otliylene will 
h<* itbsorbed, while the other gases will remain behind. 

I’lie volatile olefines also unite readily with strong sulphuric acid, forming compound 

(SOO") 

ac ids of the form C"H^.SH*0\ or C"!!*'**' [- O* homologous with ethyl-sulphuric or sul- 

phovinic acid. This reaction is of especial importance, since it enables us to pass from 
an olefin© to the corresponding alcohol : thus ethylene-gas shaken up with strong sul- 
phuric acid yields ethyl-sulphuric acid, jj | O*, whence, by distillation with water, 
cthjiie alcohol is obtained (i. 72 )* 

Olefines also combine with teaser, hydrochloric acid, hydrohromic acid, &c. Wnrta 
has »ho^ (Ann. Ch. Pharm. exxv. 114) that amylene combines with hydrohromic and 
hjdriodic acid, forming con^unds isomeric with iodide and bromide of amyl ; and by 
tri-ating the hydriodate, with moist oxide of silver, he has obtained a hydrate 

of amylene, C*H*®.H*0, isomeric with amylic alcohoL All those compounds are dis- 
tinguished from the amyl-compounds, with which they arc isomeric, by the facility with 
v’hic'h they give up their amylene under the influence of various reagents. Thus hydrate 
of amylene quickly absorbs bydriodic acid ^s, and is resolved into hydriodate of 
amjrlfiie and aqueous hydriodic acid ; simuarly with hydrochloric acid. Bromine 
ai«o decomposes it rapidly into bromide of amylene and water ; chlorine similarly but 
^ quickly. With sodium it yields the compound C*H'®.NaHO, which when treated 
"•^th hydnodato of amylene, readily yields amylene, hydrate of amylene, and iodide of 

iKKllUlIl I 

C*H*®NaHO + C®H'®.HI - C»H'* ^ C*H»® + Nal. 

Hydriodate of amylene is also rapidly decomposed hy sodium, yielding iodide of sodium, 
*niylene, and fre^ hydrogen. With alcoholic potash, it yields amylene and iodide of 
with ammonia, the products are iodide of ammonium, mnylene, and ft 
siuoJi quantity of a base isomeric or perhaps identical with amylamine. 
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ts melted, it begins to swell and heave as if bailing, while jets of blue dame issue from 
all parts of the mass. This is due lo the formation of 
carbonic oxide by the reaction of the carbon in the 
metal with the ferruginous oxides present. As this re- 
action progresses, the iron becomes pasty, and in con- 
sequence of the oxidation of the silicon contained in 
the iron, and the formation of ferrous silicate, a liquid 
slag separates from it, and collects round the metal on 
the hearth, or flows away towards the floss k. When 
the separation of carbon from the metal has advanced 
to some considerable extent, the oxidising action of 
the atmosphere in the working chamber is lessened by 
lowering the damper and keeping the iron surrounded 
%y highly carbonaceous or smoky gas. When the iron has become so far decarbu- 
TwedM tobe malleable, or as it is termed “ come to nature,’* it is gathered together and 
worked into several lumps with an iron bar, ready to be removed from the furnace. 

A modified form of thw operation is adopted at some works, under the name of “pig- 
boiling.” The furnace used for this purpose is constructed much in the same way as 
the puddling furnace, except that for “pig-boiling” the hearth is much deeper and 
more pan-shaped than in the puddling furnace. The hearth is also covered with a 
ithick layer of red iron ore, or roasted slag from the puddling furnace, and the dccar- 
buration of the pig iron is in this case effected probably more by the action of oxidised 
compounds of iron than by the direct action of atmospheric oxygen. 

For detailed descriptions and drawings of the furnaces and machine^ used in the 
manufacture of iron, see Truran,/row Manufactures of Great Britain, London, 1862. 

The presence of sulphur or of some metals, such as zinc, lead, and copper in the pig 
iron, retards the conversion into malleable iron, and in the case of pig iron that 
becomes very liquid when melted, is more difficult to bring it into a plastic condition 
than when it has the viscid character which good white cast iron, containing a small 
4 imount of carbon and a little sulphur, presents when melted. In puddling sulphury 
iron, there may be a very large waste, duo to oxidation of the metal, in consequence of 
the greater time occupied in performing the last stage of the operation. It is the 
opinion of some that the presence of a certain amount of phosphorus in sulphury iron 
facilitates its working into balls. , r • u 

The reactions that take place in puddling are essentially the same as those which 
take place in the charco^ refinery. Under the influence of the free oxygen in the 
atmosphere of the working chamber, a portion of the iron is oxidised, and at the same 
time the manganese, silicon, carbon, sulphur, and phosphorus present in the iron, are 
also oxidised, either by the direct action of air, or through the medium of the metallic 
oxides added to the pig iron, or formed during the process, the result being the pr^ 
Auction of a slag or cinder, consisting of ferrous and manganous silicates, and magnetic 
oxide, and containing the other earthy impurities present in the iron operated upon, as 
well as part of the sulphur and phosphorus, the one probably in state of sulphide, the 
other as phosphate. This will be evident from the following analyses of these slags. 


Analyses of Slag from the Puddling Furnace, “ Tap Cinder P 


Works 

ChlU 

lington. 


Dowlais. 


Brooms- 

grove. 

BromforJ.* 

Wales. 

Analyst 



Riley. 


■» Percy. 

Noad. 

Ferric oxide . 

16-42 

13-63 

8-27 

17-00 1 

m 23-76 

17-11 

70-48 

Ferrous oxide . 

60-14 

67-67 

66-32 

68-67 1 

P, 39-83 

48-43 

Manganous oxide 

2-29 

0-78 

1-29 

0-57- 

6-17 

1-13 

12-80 

Alumina . 

trace 

1-88 

1-63 

2-84 

0-91 

1-28 


Lime . 

0-70 

4-70 

3-91 

2-88 

0-28 

0-47 


Magnesia • 

0-42 

0-26 

0-34 

0-29 

0-24 

0-36 

8-24 

Silica • 

16-30 

8-32 

7-71 

11-76 

23-86 

29-60 

Iron tnlphide . 

. 

707 

*1-78 

811 

0-62 

1-61 

068 

Sulphur . 

traces 




1-34 

Phosphoric acid 

Copper . 

4-66 

*729 

trace 

807 

trace 

’4-27 

642 

7-66 


99-63 

101-50 

99-32 

101-39 


10|-32 


Percentage of iron 

68-26 

68-04 

67-37 

47-61 

47-60 

ll•22 

64-81 


The elimination of sulphur and phosphorus from pig iron appears to be always 
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The amvlene in alJ tbe^Unpoundfl appears to bo bat loose!/ united with the water 
or tile acid, and is set at on the slightest disturbance ; whereas in their isomers 

the arnyUcompounds, ^6 Mup which is not capable of existing in the separate 

state, is easily transferred from one compound to another, and it is only with consider- 
able difficulty that two molecules of it can be made to coalesce into one so as to form 
fVee amyl, C‘*H**. 

Hexylene, C*H**, also unites with hydriodic acid, and the hydriodate, treated with 
water and oxide of silver, yields a hydrate, C<*H**.H*0, isomeric with hexylic alcohol, and 
possibly identical with the 0 hexylic alcohol discov^ed by Wanklyn and Erlenmeyer. 

The formation and properties of the a 1 c o ho 1 - ra d i c 1 e s (i. 96) and their hydrides 
(iii, 180) have already been considered. Recent investigations seem to show that there 
is no essential difference between the alcohol-radicles in the free state, and their 
hydrides (pp, 144, 1:82). 

Of the hydrocarbons, homologous with acetylene, only three have been 

obtained, viz. acetylene, C*H* (i. 1111), allylene, C*H^ (i. 1112), and crotonv- 
lene, 966). ^ J 

Of the hydrocarbons, - •, homologous with benzene, five are known, viz. b e n z e n e, 

(^H* (i.641), benzyleno or toluene, C^H*(i. 677), xylene, C®H‘« curaono, C®H'* 
(ii. 173), and cy m e n e, (ii. 296). They have all been specially considered, except- 

ing xylene, which will be described in its place. Those hydrocarbons, as already observed, 
are produced by the destructive distillation of coal and other organic substances at high 
tomperatnros ; also in a great variety of chemical reactions (see Bbnzenb). They are 
distinguished by the facility with which they form substitution-compounds with concen- 
trated nitric acid, c.ff. nitrobenzene, C*n®(NO*). These nitro-compounds, being heavy 
oily liquids of rather high boiling point, afford the moans of separating these hydro- 
carbons from others, such as the alcoholic hydrides, with which they may be mixed 
(p. 146). The same compounds subjected to the action of reducing agents, such as 
sulphydric acid or ferrous acetate, yield orf^nic bases, which may be supposed to be 
derived from the nitro-compound by substitution of amidogen, NH'-', for nitryl, NO'*, 
e.ff. aniline, C®1P(IPN), from nitrobenzene. * 

The camphenes, or terebenes, isomeric with oil of turpentine, exist ready 

formed in a grout number of plants. For their general properties see vol. i. p. 724. 

The hydrocarbons are the simplest of all organic compounds, and may be regarded 
as the starting-points from which all others may bo derived, by substitution or addi- 
tion (see Nuci.kus-thboiiy and Radicles^. Hence, of late years, tlio attention of 
chemists has been very much direct^ni to Lne discovery of methods for producing these 
compounds directly from their inorganic elements; since, when this is accomplished, 
the formation of a great number of the more complex organic compounds, by the 
synthesis of tlioir elements, bccomc.s a comparatively easy miitter The most suc- 
cessful efforts in this direction have been made by Rertheiot (Chom. Soc. J. xvii. 37), 
who has succeeded in j>roducing certain hydrocarbons by direct combination of tlie 
eleraonts carbon and hydrogen, and from tliese producing others of great complexity. 

1. Acetylene, C*]P, is produced when hydrogen is passed over carbon heato<l to 
bright redness by tlio electric arc. This gas, passed into a solution of cuprous chloride, 
forms cuprous acetylene, C<(Cu*)"U*; and this compound, subjected to the action 
of naKCont hydrogen (evolved by the action of zinc on ammonia), yields ethylene: 

mv + H* » C*H* 

Ac«t}'lcno. Ethylene. 

Ethylene thus obtaine<l maybe converted into alcohol, and from this of other 

comiX)unds, etkors, acetones, acids, amines, &c. may be derived. 

2. Ifytlrtx'arbons may be formed from inovgnnie compounds contaifiK their ele- 
ments, such as water ami sulpliido of carbon, or C!irl>onic anhydride. Wmixtiipe of 
Bidphydric acid and sulphide of carbon, subjecUKi to the action of coftper at a red- 
heat, yields marsh-gas: 

CS’ + 2H*S + 4Cu « CII« + 4CuS. 

Marsh-gas may also be formed from carbonic anhydride, though by a less direct pro- 
cess, viz. by first converting the latter compound into carbonic oxide, this into formic 
acid (CO + ITO == CIPO^ ii. 683), then subjecting a salt of this acid, the barium- 
salt, for example, to dry distillation : 

2C*IFBaO^ = CH* + CO* + 2RaCO». 

Marsh-gas, mixed with an eq rial vol ume of chlorine, yields chlorideofmethyl, CH*CI; 
and this ether distilled with potash.yields raethylic alcohol, CH<0, wbteh^s’ formed* 
by the addition of 1 at. oxygen to marsh-gas, whereas othvlic alcohol is formed from 
ethylene by the addition of the elements of water. Those two modes of formation of 



attended with oxidation of the iron in a degree proportionate to the quantity of tho89 
substancee eej^ted from the metal. Consequently, in order that the waste of metal 
thus incurred in producing malleable iron of good quality may not exceed such a limit 
as would be tolerable in practice, it is essential that the amount of those substatmes 
in the pig iron operated upon should not be la^e. The smaller the amouSfcof 
sulphur and phosphorus in the pig iron, the easier is its conversion into good mal- 
laible iron, and so far as the separation of those substances is concerned, the smaller 
is the waste experienced in this operation. 

The manganese present in pig iron appears to be always separated almost entirely 
in the manufacture of malleable iron. The presence of manganese in pig iron appears 
to exercise, in some way not fully understood, a beneficial influence upon the quality 
of the malleable iron made from it by the operation of puddling. Experiments recently 
made by Caron (Compt. rend. xlvi. 828) appear to show that sulphur may be sepa- 
rated fiim pig iron by the influence of manganese during the decarbonisation, but that 
phosphorus is not separable in the same way. He operated upon iron containing 1*16 
per cent, of sulphur. By melting it three times without any admixture, the amount 
of sulphur was reduced to 0 96 per cent ; but by adding to it 0 per cent, metallic 
manganese, and by melting three times with access of air, the amount of sulphur was 
reduced to 0*8 per cent. The same iron melted with 10 per cent, ferric oxide showed a 
reduction in the amount of sulphur from I’lSto 1 08 per cent., and by melting it with 10 
per cent ferric oxide and 6 per cent, manganese, the siuphur was reduced to 0*07 per cent. 

The separation of silicon from pig iron in puddling, as in other modes of producing 
malleable iron, takes plac^ very readily under the influence of oxidising conditions, 
with formation of ferrous silicate ; and the chief importance attaching to its presence in 
j)ig iron employed for that purpose, relates more to the amount of msdleablo iron obtain- 
able than to any special difficulty in the elimination of silicon, In the ferrous silicate 
constituting the slag of the puddling furnace, there is three and a half times as much 
iron as silicon ; so that, if both the silica and the oxide of iron it contains oHginate 
from the oxidation of the pig iron operated upon, the waste of iron will be very con- 
siderable when the amount of silicon in the pig iron is large. Under the supposition 
that the slag is derived wholly from the metal by oxidation, the puddling of pig iron 
containing 6 per cent, of silicon would be attended with a waste of 16 percent, of iron 
due to this cause alone, independently of that resulting from the separation of carbon, 
silicon, and other substances. Hence it is very desirable that the amount of silicon in 
pig iron intended for conversion into malleable iron should not be largo. 

In that modification of the method of producing malleable iron known as ‘‘boiling,’' 
the pig iron does not undergo any preliminary treatment, and the furnace is sometimes 
charged with the liquid metal run direct from the smelting furnace, so as to save the 
fuel requisite for remelting it. But in puddling, the practice is generally to submit the 
pig iron beforehand to an operation known as refining {Feinen; miizkage\ which coni 
sists in melting the pig iron, in contact with coke and with the aid of an air-blast, in 
a hearth similar to a charcoal finery, but lai^er, and termed a refinery or running~out 
fire{Feinheerd; feu definerie). This operation, which, in fact, corresponds to the first 
melting of the pig iron under the blast m the charcoal-finery, has the effect of partially 
d< carbonising the ^n, and of removing from it the greater part of the silicon. At 
the same time grey pig iron is brought into the condition of white cast iron, which is 
moat suitable for conversion into maBcftble iron by puddling. This change is facilitated 
by suddenly cooling the metal with water as it runs from the hearth. The composition 
of refined iron, or, as it is technically termed “ n^eUd" {Feinesen; fine-metal), and the 
change that takes place in the process, are show^ by the analyses below. 


Analyses of Fefined Iron. 


Works . 

Bromrerd. 

K6‘aig«bUlte. 

Ebbw Vale, Walea. 

France. 

Analyst . 

Dick. 

Abel. 

Koad. 

Regnault. 

Iron 


pig iron. 

refined. 

pig iron. 

refined. 

pig iron. 

refined. 

95T4 





97*8 

92*3 

Carbon . 

307 

. . 


, 

()30 

1*7 

3*0 

Silicon . 
Sulphur 




2-40 




0*63 

4*66 

0*62 

2-68 

0-32 

0*6 

4*6 

0T6 

0-04 

0-30 

0-22 

018 



Bhosphorus . 

0-73 

0-66 

0*60 

0T3 

009 


0*2 

Manganese Ip 

; trace 


0-86 

0-24 



— 

10017 

10000 

100 00 

10000 

100*00 

100*00 

10000 


HYDBOCAKBOXYIJC ACIDS. ^ IjMf 

nl<!ohol8 ficom hjdTOcar]x>ii8 are general, the former, tjgjfipnjt to all homologaea of 
marsh-gas, the Utter to all homolognes of ethylene^ ,, t ^ 

3, A hydrocarbon may be transformed into another oiT greater complexity : a. By 
direct condensation. Marsh-gas raised to a Tory high temperatnre, or stibjected to the 
action of a series of induction-sparks, is conTerled into acetylene, which contains twice 
tlio quantity of carbon in the same volume : 2CH'‘ =* C^II* + IP, The condensation 
of marsh gas may, however, be carried considerably forther, and made to yield naph- 
tha ienc, a hydrocarbon containing ten times as much carbon in the same volume: 
lOCH* ■» C’®H* + H** viz. by enclosing the marsh-gas in a tube of very rofrac- 
tury glass, and keeping it for several hours at a temperature as near as possible to 
that at which Bohenuan glass softens. The condensation may also be effected by 
subjecting the vapour of bromoform, CHBr* .(tribrominated methylic hydride), to the 
action of copper at a red heat, so as to remove the bremine. The residue, Cfl, then 
suffers a six-fold condensation, yielding benzene, C“1I*. 

f). By tho union of two simple molecules into a more complex molecule. Thus, 
when a mixture of marsh-gas and carbonic oxide is slowly passed through a tubi 
beaUni to low redness, tritylone, C'lP, is produced: 

2CH^ + CO « C»H® + H*0. 

This reaction may perhaps explain the formation of a small quantity of tritylenc in 
the distillation of formate of barium ; and it is doubtless to reactions of the same order 
that we may attribute the production of hydrocarbons of the same series, which has 
been cxperimentiUly demonstrated as high as amylene, in the distillation of aeotates. 

There are also other ways in which complex hydrocarbons may be built up ly tlio 
union of those of more simple constitution. Wurtz has shown (Ann. Ch. l^harm. 
cxxiii. 202; cxxvii. 66), that amylene, may bo pixxluced by tho union of the 

alcohol- radicles ethyl and allyl : 

c’H® + =» 

this combination being brought about by tho mutual action of zinc-ethyl and iodido 
of allyl, A number of other hydrocarbons arc, howcvcr» formed at the same time, the 
following having been isolated and analysed : 

c^ip c*H® c^n** c*k'* 

Ethylene. Trltylene. antylene. Allyl. Decatylonc, 

The ethylene and tritylene ore produced by the mutual action of tho othyl and 
allyl groups: qih* ^ « CnV + C*IP. 

Dccatyleno, results from tlio condensation of two molecules of amylene into one. 

Ih'sides these compounds, there arc also formed other hydrocarbons, boiling abovo 
2(10“^ (deoatylenc, the least volatile of those abovo-mentionod, boils at 1G0°), and con- 
taining, like allyl, a smaller proportion of hydrogen Mum tho olefines. Tho formation 
of those hydrocarbons explains that of hydride of amyl, in which the pnqwrtion of 
hydrogen is larger than in the olefines. 

Tlie hydrocarbon, obtained in the reaction just described, possesses thfi 

f irincipal physical and chemical prop<»rties of amylene produced from amylic alcohol 
>v the action of cliloride of zinc, and, therefore, is not merely an isomer (ethyl- 
allyl) of that compound. This formation of amvleno from two liydrocarlxins of lower 
molecular weight is analogous to that of chloride, of heptyl, C’lPHJl, W the action of 
ehlorino on ethyl-amyl, C*H*.C*II", and of chloride of decatyl, C‘®IL'’C1, by that of 
ehlorino on amyl itself, observed by iSchorlemnier. 

HTBXOOAXBOX'nXO ikCZBB. (Lerch, Ann. Ch. Pharm. exxiv. 20; 

Chim. pure, 1863, p. 143; Jahresb. 1862, p. 276.) — This name is applied to throe acids 
produced, together with others, by the di'compositioD of curboxiefe of potassium, the 
black amorphous substance formed in the prejairation of pfdassium in tho ordinapr wav, 
and likewise by the direct combination of pcjlaasium with carbonic oxide. This onb- 
stance remains unaltered w'hen kept in rock-oil or in a dry vacuum, but when exposed 
to the air, it absorbs moisture rapidly, acquiring a cherry-red and finally a yellow 
colour : it absorbs oxygen only when moist. When treated with water, alcohol or 
ether, out of contact with the air, it giree offgas, and leaves a black glutinous substance, 
which turns red on exposure to the air, and dijisolvcs in watt-r with red colour and 
without disengagement of gas. This mass yields, besides oxalic acid, three series of 
acids, indoding croconic aetd (ii- 109). 

Perfectly unaltered carboxide of potassium, to which Brodie assigns the fonnula 
OH»K", yields, when treated with hydrochloric acid, an acid crystallising in wbita 
needles and having the composition C'*H'®0'® ; this is trihydrocarboxylic acid. . 

If the carboxide of potassium be first treated with alcohol and then with hydro- 
chloric acid, it yields black needles of dibydroearboxylic acid, C‘U<0* or C^ll®0** 
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The refinery or ronning-ont fire, represented by fy, 580, consists of a rectangular 
hearth h about 2 feet deep, and rather longer than it is wide. It is lined with cast-iron 
plates constructed so as to admit of being cooled by water circulating through them 
and has three blast tuyeres t, t supplying hot air on each side. The chimney c is sup- 
ported upon iron columns, and the spaces between them are closed with cast-iron plates. 
(See Truran, oy, cit^ p. 193, et seq.) 


Fig, 580. 



A quantity of coke is put into the hearth, and after the fire has been sufficiently 
raised, about one or two tons of pig iron is placed on the top, covered with coke, and 
the fire urged by the blast until the whole of the metal has molted and run down into 
the hearth, where, under the oxidising influence of the blast, the carbon and silicon it 
contains are oxidised, and a slag is formed which floats on the surface of the metal. 
Fresh coke is added, meanwhile, and the heat .kept up until the action has advanced 
sufficiently far. A hole level with the bottom of the hearth is then opened, and the 
melted, metal run into a cast-iron mould b cooled externally by water ; and a quantity of 
water is ttoown upon it in order to cool it suddenly and to render the slag discharged 
hearth with it, more easily separable. Sometimes the charge of iron is run 
into the refinery direct from the blast furnace, and in some cases a quantity of 


Fig, 581. 



hamme^MsIe or fte slw from pretiong oppratioDS, is added to the dbaiee, in otde* 
to faeilitate the prooeee of purifieation by which the silicon and other impnritiee ar. 
separated. 

The sl^ produced in the operation of refining is vitreous, dark-coloured. Made, or 
bluish. It consists essentially of ferrous silicate, and generally contains the greater 




ISO HTDROCAROTIN. 

If the air has had aecetit fo the mass before or after the treatment with alcohol^ it 
afterwards yields, with hydrochidric acid, dark garnet-red crystab of hy dr o car- 
boxylic acid, 

Lastly, if the mass has been left in contact with the air till it has turned quite red, and 
it is then treated with hydrochloric acid, a fourth acid is obtained, called carboxylic 
aci d, tlie potassium-salts of which are composed according to the formulae C'*HK*0‘® 
and On attempting to isolate this acid, fine colourless prisms of rhodizonic 

acid, C®H^O®, are obtained, being derived from the preceding by fixation of water, and 
splitting up of the molecule : 

C>®H'0>® + 2H®0 = 2C®H*0®. 


In addition to these acids, croconic acid, C*H*0* (formed from carboxylic acid by 
divbion of the molecule), and oxalic acid, are obtained as final products of the oxida- 
tion. 

The formation of dihydrocarboxylic, hydrocarboxylic, and carboxylic acids by oxida- 
tion of trihydrocarboxylic acid is represented by the following equations : 

+0 « + H*0. 

+ 0 = C’®H®0'® -I- H^O. 

C'®H®0'® +0 « -I- H*0. 


Trihydrocarboxylic acid. C'«H*®0'® = OWThie acid b produced, as 

already obserted, by the action of hydrochloric acid on carboxide of potassium which 
has not been exposed to the air; also by the reduction of dihydrocarboxylic acid. It 
forms white silky needles wliicli, when exposed to moist air, quickly turn red, and are 
ultimately converted into dihydrocarboxylic acid. Its solution is acid, colourless, and 
very sensitive to the action of oxidising agents. By nitrate of potassium, it is converted 
into oxycarboxylic acid, with evolution of nitrogen. Of the 10 at. hydrogen contained 
in its molecule, 6 at. arc easily removed by oxidation, giving rise to new radicles viz. 
tlioso of dihydrocarboxylic, hydrocarboxylic and carlwxylic acids, whereas the remaining 
4 at. are basic, and easily roplaccablo by metals, but not removable by oxidation. In 
the potassium-sHlt also, C'®K'®0*®, 6 at K maybe removed, two at a time, by oxidation, 
whereas the remaining 4 at. K appear to be irremovable : hence the rational formula 
of the acid above given. In like manner, dihydrocarboxylic acid contains 4 at., and 
hydrocarlwxylic acid, 2 at H, removable by oxidation. 

The trihydrocarboxylates of the alkali-metab are soluble in water, the other salts 
are sparingly soluble or insoluble i they all become coloured by exposure to the air, 
yielding salts of the following acids : 


Dihydrocarboxylic acid. C'®H»0'® - This acid forms black 

metallic-shining raonoclinic ciystals, grouped in very thin tufts ; the thinner crystals 
have a wood-yellow colour, and exhibit trichroism. They are permanent in the air, 
even at 100°, dissolve rcwlily in water and alcohol, slowly in ether ; the solutions are 
red by transmitted, violet by reflected light. 

The salts of this acid are as unstable os those of the preceding. Those of the aJkali- 
metais are black, soluble in water and crystallisable ; the rest are blue or red precipitates; 
tliey are very easily converted by oxidation into rhodizonates or carboxylates. 

Hydrocarboxylic acid, C'«H«0*® was obtained accidentally in 

the preparation of the preceding acid from a black mass which had undergone partial 
alteration. It crystallises from alcohol in long brown needles, which in contact with 
water are immediately resolved into dihydrocarboxylic and rhodizonic Mtds : 

2C'®H®0'» + 2H®0 = C*®H*0'® + 2C®H®d® w' 

T (Husemann, Ann. Ch. Fhami. cxvii. 200* 

substance contained, together with carotin (i. 806), in the 
corona). To obUin those substances, the cnished ^carrots 
I 1 r out with water, and the united solutions are 

mixed with a little dilute sulphuric acid and tincture of galls (which facilitates the 
?t <‘«f^hiin) ; the glutinous precipitate, freed by pressure from the en- 
c osed liquid, IS boded six or seven times in the half-dxy state with of 

alcohol of^ per cent; and the residue is treated with sulphide of carbon to extract the 

hydrocarotin together with mannite (if the 
«^s are ayear old, but not if they are fresh), sugar, a fixed otI, and a nnaU portion of 


Hydroearotin crystallises from the 
Oystals, which may be freed from 


alcoholic extract., after long standing, in laminar 
mannite (if present) by rsciystalluMitioii ftom 
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part of the mangiwese, as well as some of the phosphorus aud sulphur that were 
^i^t in the pig iron operated upon, t<^ether with the ash of the coke used as (hel 



Analyses of B^nery Slay, 


Stourbridge. 



Name of works 
Analyst . • 


Ferric oxide 
Ferrous oxide . 
Manganous oxide 
Alumina . 

Lime 

Magnesia . 

Silica 

Sulphur . 

Iron sulphide • 

Phosphorus 

Copper 


Percentage of iron 


The quantity of slag produced in puddling depends very much on tho kind of pig 
iron operated upon, and also upon whether it has been previously refined or not. Grey 
iron and unrefined pig, containing the most considerable amount of silicon, afford a 
more abundant and more liquid slag than refined metal, the slag from which is propor- 
tionately richer in ferrous oxide, and being consequently less fusible, accumulates in 
a thick layer on the bottom of the hearth. It may also contain ferric oxide, in conse- 
quence of partial oxidation of the ferrous silicate, or of tho ferrous oxide produced in 
excess of that requisite to form the silicate. 

The lumps of decarburised iron obtained as above described are termed ptiddk-balls 
[BdUen ; bovles), and consist of coherent spongy masses of malleable iron, intermixed 
with oxide and slag. In order to separate these admixtures and reduce the iron to 
a compact and uniform mass, tho puadle-balls are removed from the working cliamber 
of the puddling furnace while still at a welding heat, and either hammered or 
squeezed. This operation is termed “ shingling ” or blooming. 

Fiy. 682. 



The hammers emph^ed for this purpose, termed forge hammers {Stimhammer ; mar* 
kau frontal), are very powerful, and are either constructed of cast iron as shown at 
682, or are steam hammers. In the former a massive beam c, 8 or 10 feet Inn^ 
resting at one end on a fulcrum /, and having at the other end a -i shaped head d, ts 
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hot alcohol, and finally by boiling with water. It is tastcdess and inodorous, crystaHisei 
in large colourless silky laminse, from ether in fiat rhombie prisms ; is lighter than 
water (which does not wet it) ; melts at 126 dissolTes in alcohol, and more easily in 
ether, sulphide of carbon, benzene, volatile oils, and chloroform. When heated above 
100^, it turns ydlow to yellowish red ; after fusion it remains amorphous, and then 
dissolves lees easily in benzene and sulphide of carbon. 

Hydrocarotin is not precipitated from its alcoholic solution by metallic salts or 
tannic acid ; it is not altered by the action of caustic alkalis, strong acids, or oxidising 
agents : with fuming nitric acid, it appears to form a nitro-compound. Strong 
iulphuric acid colours it red and dissolves it completely at a gentle heat> forming a 
solution from which it is precipitated by water apparently unaltered, but in the amor- 
phous state. With eJUarine it forms a resinous substitution-product, with 

Iromine a similar body, whose ethereal solution, when treated with 

alcoholic potash, ^vea up bromine, and forms a yellowish-red substance soluble with 
blood-red colour in sulphide of carbon. Iodine also, in sunshine, appears to form a 
substitution-product with hydrocarotin. 

BTX>]tOCBXXTll. See Lajcthanitb. 

BT3>&OCBZBrOVll. See Hydhoquinokb. 

BTBBOCK&OBB. See Pybochlorb. 

B'rSBOCBXiOUO ACZZI. See Chlorhtdrio acid (i. 890). 

BTBROOBBTBABKZBB. C/HWO* (Schunck, Ann. Ch. Pharm. Ixv. 231.) 
— A compound produced by the action of reducing a^nts on chrysammic acid (i. 966). 
It may be prepared by adding chrysammic acid to a boiling solution of sulphide of po- 
tassium containing excess of caustic potash i or to a boiling solution of protochloride of 
tin, afterwards removing the excess of acid, dissolving the residue in boiling potash, 
and leaving the solution to crystallise. It is difficult, however, by the latter method to 
obtain it free from oxide of tin, 

Hydroct^samido fonns needle-shaped crystals, of a fine blue colour by transmitted, 
and metallic red by reflected light. Heated in a small tube, it gives off violet vapours, 
whicli condense in crystals on the cold parts of the tube ; the greater part, however, is 
decomposed, giving off ammonia and leaving charcoal. It is insoluble in boiling 
u^aUr, and sparingly soluble in boiling alcohd, to which it imparts a faint blue tint. 

It is dissolved by strong sulphuric acid, and reprecipitated in Idue flakes by water. 

It is decomposed by boiling nitric acid, and by chlorine in presence of water. It 
dissolves in potash and in alkalhie carbamates, forming solutions of the colour of 
sulphindigotic acid; acids precipitate it therefrom in blue flakes. 

KTBROCXJmAMXOB. « N*(C*il“ )*. Cinnhgdr amide. Hydride of 

Azocinnamyl. (Laurent, Hev. scient x. 119.) — Produced by the action of ammonia 
on hydride of ciunamyl: 

3C7*H*0 -h 2NH* ]S[*(C»H»)* + 8H»0. 

IVhon purifled by rccrystallisation from hot alcohol and ether, it forms colourless right 
prisms with rectangular base, but having their bases replaced by two triangular facets, 
meeting at a very obtuse angle. It is inodorous, insoluble in water, fusible, and soli- 
difioB on cooling to a transparent amorphous mass like gum. It is decomposed by 
distillation, yielding an oil and a solid substance. It is not decomposed by boiling 
hydrochloric acid, or by alcoholic potash ; but boiling nitric acid decomposes it, yielding 
a product which melts in boiling water. 

Ihimas and Peligot, by treating oil of cinnamon with dry ammonia gas, obtained a 
prcduct which crystallis^ from alcohol and ether in silky tufts, and to which they 
assigned the formula C*H*O.NH*, but it probably consisted mainly of hydrocinnamide. 
{Gerhardfs Traitb, iii. 386.) 

BIBROCOXTXA ASIATXOA. A plant used in India as a remedy against 
various cutaneous diseases. According to Lepire (J. Pharm. [3] xxviii. 47), it 
contains a peculiar principle, vellarin (from the Tamul name of the pumt, 
vaUdrai), which he describes as a bitter, strong-smelling oil, soluble in weak alcohol 
and in ether, thickeniiig on exposure to the air, soluble in aqueous ammonia, insoluble 
in potash. 

VnROCROCOirxc AOZB. (Lerch, Ann. Ch. Pharm. 

20.) — ^An add produced by the action of hydnodic acid on croconate of potas- 
>inm in closed vessels. On mixing the product of the reaction with alcoholic potash- 
solution, hydrocroconate of potassium, C‘H*K'0*, separates as a dtn^ rod precipitate, 
v^hich crystolljses from hot water in crimson nee^es. The blood-r^ solution of thia 
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lifted by the wipers A, 6, b of the cam-wheel a, and, as that revolTcs, the hammer is let 
fall, at the rate of 70 or 80 strokes a minute, upon the anvil e, where the puddle- 
ball is placed. The steam^fiammer (Damp/kammer ; marteau pilon\ consists of a block 
of iron, weighing several tons, attached to the piston of a steam-engine fixed above it, 
by which it may be lifted vertically in guides fitted to the frame work, and let fell 
upon the ball placed on an anvil 

The xnachines employed for compressing puddle-balls are of various forms, and are 
termed squeezers ( Quetscher; presse a chamUre). One of the most usual kinds, repre- 
sented by^. 683, consists of a lever, worked upon a fulcrum at the centre, by a crank 


Ftff. 583. 



connected to one end, so that the jaws are alternately brought, at a rate of some 60 
strokes a minute, nearer to the corresponding anvil- faces where the puddle-balls ore 
placed to receive the pressure. 

The puddle-ball, after having been hammered or squeezed, which occupies only a 
few seconds for each, is termed a hloovt {huppe ; loupe), and is then drawn out into 
a bar by being rapidly passed several times, and while still red-hot, between grooved 
rollers, constituting what is termed s. forge-train {Streck-wahtvcrk, train ae land- 
mir), fig. 684, This consists of two pairs of rollers, n f, fitted in frames and driven 


Fig. 684. 



by machinery. In one pair of rollers, called the rougkii^olls (^Cannelur-Walzen ; 
cglindres dlgrossisseurs), there are corresponding V-shaped^ooves round the surface. 
In the other pair of rollers, termed the finishing rolls" {cylindres finisseurs), the 
grooves are fiat, and in both they gradually decrease in size from one end of the rollers 
to the other, so that by passing the blooms successively through several pairs of 
groo^’es, they are reduced to bars of from 7 to 3 inches wide by from IJ to J an inch 
thick. In this condition the iron is termed “ puddle bar,” or No. 1 iron. 

After leaving the rolls, these bars, while still hot, are cut into short lengths by shears, 
and the piec^ tied together by strong wirq in a bundle is termed a pUe {Paket ; 
froKSM), which is brought to a welding heat in a reverberatory ftirnace called the 
‘‘re-heating or mill furnace” (^Schweiss-qfen; fotirdeckaufferic),cons\x\iQXjGdi somewhit 
like a puddling furnace, as shown by fig. 685. The hearth a of this furnace, on 
the iron is placed, is made of sand, and slopes down towards the flue, so that any flag 
that is formed may run down and escape at the hole b, leaving the hearth quite 
dr^ 

The piles are raised as rapidly as possible to a full welding heat in the mill furnace^ 
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•ait i» converted into croconate (and a small quantity of oxalate) of potassium on 
exposure to the air, especially in presence of alkali. 

Hydrocroconic acid is soluble in water, alcohol, and ether, and does not (^tallise. 
The banim^salt, C‘H2Ba''0‘, is a pjeony-red precipitate, soluble in hydrochloric, 
insoluble in acetic acid. Jhe lead-sdt, C^H2Pb"0^ is also a red precipitate. 
BTBKOOTAlTBAMliLlinrB. See HARMAniNB (p. 8). 

BTBBOCTASrZC AGZB. See Cyanide of Hydbogbn (ii. 214). 
;BX9B03D0 Xi 01ISZTB< A hydromagnesite, having part of the magnesium replaced 
by calcium. Occurs on Somma in isolated, sinter-like, globular or stalactitic, earthy 
masses, having a white or yellowish white colour. According to K o b el 1 (J. pr. Chem. 
xxxvi. 304), it contains 25-22 per cent, lime, 21*28 magnesia, 33*10 carbonic anhydride, 
and 17*40 water: whence the formula 3[(Mg; Ca)^CO*.H^O] + Mg • (Kam- 

melsberg.) 

BTSBO-BZiBCTBZC MACBIBB. See Electricity (ii. 408). 
amBOBBBBZCrAVlC ACZBs See Fkrrictanwes (ii. 244). 
BTBBOrBBSOCTAZrZC ACZZ>. See Ferbocyaxibss (iL 226). 
BTlIBOmrOBOBATBS. See Boron, Flvobwe of (i. 632). 

HT1>B0Z%V08ZZ.ZCATE8. See Silicon, Fluoride of. 

HTBBOOAZiAGTOMBTEB. An arrangement described by Zen neck 
(Jahrb. pr. Pharm. xx. 65 ; Jahreab. 1850, p. 619) for determining the amount of 
watfT abided to normal milk, ^'he milk is coagulated by a.few drops of hydrochloric 
acid, and the volume of the curd, separated by filtration through flannel, is compared 
with that obtained in a similar manner from pure milk. 

HTDBOGBMTk Atomic weight = 1. Symbol H. (Infiammable air, Wasserstoff, 
Hydroyemurn.) — I’he older alchemists do not appear to have been acquainted with this 
gas. The evolution of an air during the solution of iron in sulphuric acid was first 
noticed in the sixtoentli century by Paracelsus. The inflammability of the air thus 
produced, was observed in the seventeenth centu^ by Turqu et do Mayerne, and 
afterwards (1672) by Iloyle, in his “New Experiments touching the relation between 
Flame and Air.” L emery in 1700 observed the detonating property of this inflam- 
muhlo gas. lJut the first exact experiments on its nature were made in 1766 by 
Cavendish, who showed that it is a peculiar kind of air, which he called infiammable 
air; that it is produeed when iron, zinc, or tin is dis.solved in dilute sulphuric or 
hydrochloric acid ; and that different metals evolve different quantities of the gas. He 
also estimated its specific gravity at ^ of that of common air. (It is really about 
The inflammable air generated in these proccsso.s was, however, for some time con- 
founded with other kinds of inflammable air, such as those produced by the destructive 
distillation of organic Inidies, by the imperfect combustion of charcoal — with vapour of 
ether, &c., all of which Were supposed to consist essentially of the same inflammable 
principle modified by the admixture of other substances. " Moreover, it was supposed 
that the inflammable principle developed in the solution of metals in acids, proceeded 
from the metal| and that it was either phlogiston or intimately related thereto. 

The production of moisture in the burniiijj of hydrogen, appears to have been first 
noticed by Macquor and De la Methene, iii 1766 ; but no one at that time sup- 
posed that the only product of the combustion was water. Lavoisier supposed that 
hydrogen, like other combustible bodies, produced an acid in buniing, and made several 
unsuccessful experiments to obtain this acid. But the grand discovery that water is 
the solo product of the combustion of hydrogen was made by CavencHsh, in 1781, 
and published in 1783. Cavendish showed that 423 volumes of hydrljen required for 
combustion 1,000 volumca of air (which contain 210 volumes of oxygel»nd will, there- 
fore, burn exactly 420 Volumes of hydrogen); and, moreover, that wnKtrhyd^en and 
oxygen gases are burnt together in certain proportions, nearly aU the gas disappears, 
nothing but slight impurities remaining behind. These results were afterwanu fully 
confirmed by the experiments of Lavoisier and Laplace (see Gas, ii 780). 

Sourcfs. — Hydrogen is never found in the free state. The compound which contains 
it in the greatest abundance is marsh-gas, of which it forms one-fourth. Of water it 
forms one-ninth. It occurs in smaller quantities in combination with phosphorus, 
sulphur, iodine, bromine, carbon and nitrogen, and is an essential constituent of nearly 
all oiganio compounds. 

-Hydrc^n is generally obtained by the decomposition of water, or of 
dilute acids. — 1. It is produced in the state of greatest purity by electrolysis, as already 
ezplainetl in the article Analysis of Gases (i. 285). 

s. By mssing vapour of water over iron nails or wire contained in a gun-banel, laid 
horijBontally in a furnace, and heated to bright redness. The iron is thereby converted 
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1 ^ are then zemoTed vHh tongs to mill-rolls, of a similar kind to those already de- 
scribed, but more highly finish^ and drawn into bars which are agmn cut up, piled, 
«,. coc * and then submitted to the same 


. . and then submitted to the same 

000 . ^ ^ operations of heating and rolling 

Beier^ timw^^^kccDiaing tiM 

which tlie pieces of iron are 
arninged in the piles is considered to be of great importance as regards the result- 
obtained ; but notwithstanding the strong opinions expressed on this subject, little is 
known as to the rationale of the connection apparently existing between the quality of 
the iron and the mode in which it is wrought. 

A certain proportion of slag is produced during the reheating of the piles in the mill- 
furnace, wliich has a composition very similar to that of the slag from the puddling 
furnace, but the silica it contains is derived mainly from the sand forming the hearth. 



When all these successive operations have been completed, the iron is in the condition 
known as “ merchant iron,” and the different degrees of quality are indicated as No. 2, 
No. 3, &c., or as “ common,” ” best” and “best best,” as well as by particular brands, 
Besides the waste of iron resulting from the formation of slag in rednii^, puddling, 
&c., there is always a further waste due to the oxidation of the iron during the shin- 
gling, hammering and rolling to which it is subjected. The product of this oxidation 
consists chiefly of magnetic oxide, which forms a crust on the surface of the hot iron, 
and falls off in scales, constituting what is known as “hammer-scale” or miU-tcale 
{Ifa7nmer8chlag ; hattitura de fer). 

The total waste of iron in the conversion of pig iron into malleable iron, varies ac- 
cording to the kind of pig iron operated upon, and the amount of impurities in it, as 
^ell as upon the skill of the workmen. In South Staffordshire, the waste amounts to 
from 18 to 22 per cent, on the pig iron. In South Wales it sometimes amounts to 
from 26 to 28*6 per cent., though it is sometimes less than 13 per cent Formerly the 
waste amounted in some cases to from 34 to 36 per cent (Truran, &p.c%t. p. 216J. The 
J®^odaction of iron bottoms for puddling furnaces, in place of sand, has contributed 
Vgely to reduce the waste of iron due to the formation of slag, and the use of 
materials containing ferrous or ferric oxides, as admixtures in the paddling or boiling 
operation, in all probability tends to compensate the waste that wonld result from 
Vot. la . A A 




into ibnoeo-feifk o»de, Fe*0*» wMe hydrogen gw ptoBOB orer, nnd mtj be oeUeotod 

over water; 

3. By introdacing potafisiom or aodinm into an inyerted tnbe or cylinder filled with 
water or Ucohol, and standing in a vessel of the same liquid. It is best to wrap ^e 
metal in a piece of paper before plunging it under the moulSi of the cylinder: 

H»0 + Na - NsHO + H. 

Hydrate of 
Budium. 


0m*0 + Na 

Alcohol. 


C*H*NaO + H. 

Ethylate of 
aodium. 


4. By dissolving ainc or iron in sulphuric acid diluted with an eight-fald quantity 
of water, or in hyapochloric acid diluted with twice its weight of water : 

H*SO* + Zn « ZnSO* + H*, 
and 2HCI + Zn = ZuCl* + H». 

Tin's is the most convenient method of obtaining the gjis for gonoml purposes. — fi. By 
dissolving sine, in contact with iron or platinum, in solution of caustic potash, sincate 
of potassium being then formed : 

2KHO + Zn « ZnK»0« + H». 

Hydrate of Zincate of 

potassium. potassium. 

The use of the iron is to form an electric couple with the sine, the latter then acting 
on the positive or active metal. 

6. By acting on cuprous hydride with hydrochloric acid : 

Cu®H« + 2UC1 - Cu’Cl* + 2H». 


7. By heating formates or oxalatos with excess of hydrate of iM>tas.sium, sodium, or 
calcium : 


CHKO^ 

+ KHO =» 

CK'0> + 

ID. 

Formate of 


Carbonate of 


potnstium. 


)ioiaxsiuiu. 


Oxalate of 
putaislum. 

+ 2KHO « 

2CK®0* + 

H*. 


8. By the action of hydrate of potassium on certain organic bodies having a leodeut^ 
to form acids by oxidation : 

+ KHO - C'H^KO* + H*. 

Hydride of BonzoAte of 

benzoyl. potassium. 

Purification, — Hydrogen prepared by dissolving zinc or iron in sulphuric acid— 
which is the method most used — may contain the following impurities : — 1. Sulphurous 
oeid^ if this acid is present in the sulphuric acid used. — 2. Nitrous oxide or nitrio 
oxide if the sulphuric acid contains nitric oxide, nitrous acid, or nitric acid.— 

3. Sulj)kt/dric acid^ if the zinc contains sulphide of zinc, or if the sulphurio acid con- 
tains sulphurous acid — or if a fresh quantity of strong sulphuric acid be added to the 
dilute acid already acting on the zinc, without mixing zt well with tho liquid. — 

4. Phosphcretied hydrogen, if the zinc contains phosphorus. — 6. Arsenetted hydrogen^ 
if the zme contains arsenic, or if tho sulphuric acid contains arsonious acid. — 6. CSar- 
h'mic anhydride has occasionally been observed in hydrogen prepared with peculiar 
kinds of zinc. These impurities, which give the gas an unpleasant odour, may be 
removed by passing it over substances which absorb or decompose the adventitious 
gases. Dumas passed tho gas through two U-tubes, each about three fwt long, and 
filled with broken glass, the glass in the firet tube being moistened with nitrate of lead, 
which removes the sulphydric acid, and that in tho second with sulphate of silver, by 
which the arsenetted hydrogen is separated ; then through a third U'tube filled with 
fragments of pumice>stone saturated with strong potash ; and, lastly, to render it anhy- 
drous, first through a tube containing fragments of hydrate of pot^ium, then throu^z 
another containing phosphoric anhy^ido or j>umic©-etone soaked in oil of vitriol. To 
avoid tho presence of oxides of nitrogen, it ui best to use sulphuric acid perfectly free 
from those oxides. 

Hydrogen gas obtained by the use of iron may eontain the same impurities as that 
prefttziedwitb zinc — ^and in addition:—!. Ferruretted hydrogen^to be Removed by 
fuming nitric acid or solution of mercuric chloride; and 2. The vapour of an oily 
hydrottubon, which is pro^luced in larger quantity as the iron contains OKoe carbon, 
mid rommunicates a peculiarly repulsive odour to the gas. It may be reinoTed 'l(y 
pitssiig the gas through alcohob and the alcohol may be afterwards separated by wattf# 
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atfaospheric oxidation, inaamucli as the oMdation by those aduixtoies woaU 

be accompanied by an equivalent elimination of meftal iKm toenu 

The greater part of th w waste of iron takes place in the retong, amorating on the 
average to about 10 per cent on the pig iron. In puddling refined metai, the waste is 
not more than from 4 to 7 per cent In the mUl-furnace the waste is much less, varying, 
according to the number of reheatings, and the size to wluch the iron is roUed, from 
8*6 to 10 per cent The consumption of iron in any stage of the manulhcture, requisite 
to produce a ton of iron in a subsequent stage, is technically caUed the yidd,’^ by a 
somewhat singular inversion of the meaning of the ^rm» , - . . 

The consumption of fuel in the various stages of the conversion of pig iron into 
malleable iron, varies according to the skill of the workmen, as well as the kind of fuel 
and iron used. In refining, from 6J to 8 cwt. of coke per ton of metal made, is used 
when the pig iron has to be melted, and from 4 to 6 cwt when the melted metal is run 
in from the blast furnace direct 

In “pig-boiling,” the consumption of coal vanes from 18 to 22 cwt ^r ton of bar 
iron m^e, according as the coal is more or less bituminous and capable of burning 

with flame. , . 

In puddling refined metal, the consumption is about 10 to 14 cwt. of bituminous 
coa( and from 17 to 18 cwt of anthracitic coal per ton of iron made. 

In heating the piles, the consumption of fuel is from 7 cwt. to 13 cwt. per ton of 
merchant bars, according as they are larger or smaller. 

In connection with the consumption of fuel in the conversion of pig iron into malleable 
iron, it will be interesting to consider what amount of the heat, capable of being gene- 
rated by the coal consumed, is really effective ; how much of it is really used in heating 

the iron. ^ ^ i • l lai- 

The temperature to which the iron requires to be heated in the puddling furnace 
may be taken as expressed by 1660° C.; and, assuming that the specific heat of cast 
iron increases above 350° C. in the same ratio that it does up to that temperature, it 
would, in that case, be about 0-26 at 1650° C. ; accordingly, the quantity of heat 
requisite to raise iron from 15° C. to that temperature would be: 
heat units. 

424*84 =» 1650 - 15 x 0*26. 

A further quantity of heat would be consumed in melting the iron, and thongh the 
latent heat of iron has not been determined, it may be assumed as equal to 30 heat 
units. Thus the total heat requisite to heat cast iron up to 1050° C. and to melt it 
would be : 

heat units. 

. 454*84 « 424*84 + 30. 

and the quantity of heat requisite for one ton of iron would bo : 
heat units. 

1,018,841*6 - 2240 x 454*84. 


Taking the average calorific power of coal, expressed in heat units, to be 7,778, it 
appears from the foregoing calculation, that the quantity of heat actually communicated 
to the iron amounts to less than that capable of being generated by 131 pounds of 
coal. Thus : 

Quantity of heat required 
Quantity of beat to heat 1 ton of iron firom 

Coal, Calorific power, generated, 15° to I660°C. and Co melt It, 

lbs. heat units. neat units. heat units. 

.131 X 7,778 « 1,018,918 1,018,841-6. 

Then, taking the quantity of coal consumed in puddliip as being equal in weight 
to the pig iron worked, it appears that only 133 pounds owpf every ton of coal burnt 
in the puddling fhmace is really effective in heating the or not more than one- 
sixteenth part But though the quantity of heat actually'communicated to the iron 
bears only this small proportion to the whole quantity generated by the combustion of 
the fuel used, it must be remembered that, under existing circumstances, this large con- 
sumption of fuel is unavoidable, since it is indispensable that, during the whole of the 
operation, the temperature should be maintained sufficiently high to keep the iron 
melted. For this pur{x>so the rate of combustion must be high, and the intensely 
heated products of combustion must pass rapidly through the working chamber of the 
fhmace. It has been estimated that in the ortoary raddling furnace, when the oon- 
Bumption of coal is at the rate of 240 pounds per hour, the volume ci helped gw 
passing through the working chamber amounts to upwards of 72 cubic feet per seocnid, 
or sufficient to fill the working chamber twice in a seoon<^ and that this is neoeoAfy 
in order to counteract the influence of conduction and radiation in reducing the tem- 
perature. (See Prideaux, Elementary treatise on Fuel, yartioularly with rrfermoe 
Heverberatory Furnaces.) 


•,|*4 HYDEOGEN, 

Aecofdiag to DSbereiner (Sclw. J. Hi. 877), the gas obtained with either aine o* iron 
may be depriTed of all odour by 24 hours’ contact with moistened charcoal powder. 

in whatever manner the gas may be prepared, it generally contains a small quantity 
of atmospheric air, proce^ng from the liquids used in the^^aration. The nitrogen 
cannot be removed; but the oxygen may be separated by leaving the m for a while 
in contact with ™ngy platinum, which causes the oxygen to unite with a portion of 
the hydrogen and form water. 

Properties, - Hydrogen is a colourless gas, of specific ^vity 0*0693. It is the 
b'ghtest of all known substances, being about 14^ times as light as atmospheric air; it 
may therefore be used for inflating balloons. Soap-bubbles filled with it rise rapidly 
in the air. It escapes rapidly out of vessels with their mouths turned upwards ; but a 
. wide-mouthed vessel filled with it may be carried with its mouth downwards for a 
considerable distance without the gas escaping. For the same reason, it is easily 
collected by displacement, without the use of water, viz. by holding the vessel which 
is to receive it, over tho extremity of a vertical tube attached to the mouth of the 
generating vessel. 

Hydrogen is odourless when quite pure, hut as usually prepared, it baa a disagreeable 
odour, arising from impiiritios. Small animals introduced into the gas die instantly. 
In man, the pure gas excites, after two inspirations, disagreeable sensations and Joss 
of muscular power; when mixed with air, it may be breathed for a longer time, but 
imparts a peculiar squeaking tone to the voice. It is not directly injurious, but so Jong as 
it is inhaled, oxygen gas, which is essential to life, is prevented from entering the lungs. 

Hydrogen is very inflammable, and burns in the air with a pale blue flame. It does 
not support the combustion of those bodies which burn in the air: for instance, if ajar 
full of hydrogen be held with its mouth downwards, and a lighted taper plunged into 
it, the hydrogen will be set on fire at the mouth, but the taper will bo extinguished. 

A jet of oxygen will, however, burn in hydrogen, as well as a jot of hydrogen in oxygen, 
though with a somewhat different appearance. The experiment may be made by 
sotting fire to hydrogen -gas at the mouth of a bottle, and then directing a jet of oxygen 
through the flame into the body of the gas. A flame will then be formed at the orifice 
of the jet, and will continue to burn till the hydrogen is exhausted. 

llydn^gen and oxygen unite to form water, in the proportion of 2 volumes of hydn^gen 
to 1 volume of oxygen ; and when the gases are mixed in these proportions, they may 
be made to unite, either slowly or rapidly, the entire volume of gas disappearing. On 
bringing burning body in contact with the mixture, or passing an electric spark 
through it, combination instantly takes place throughout the whole mass, attended 
with great and sudden rise of temperature, whereby the mixed gases, or rather the 
watery vapour resulting from their union, are expended with a force sufficient to shatter 
the containing vessel, if not of great strength. If the vessel is entirely closed, and 
strong enough to resist the expansive force of the gas, no noise is heard ; but if the 
mouth of the vessel be left open, or the gas be able to force for itself a pas.sage into the 
air, a loud detonation is the result, arising from the concussion of the air by the 
escaping gases. The same effect is produced, though with much less intensity, when a 
mixture of 2 vol. hydrogen and 6 vol. atmospheric air (containing 1 vol. oxygen, the 
quantity required to unite with 2 vol. hydrogen) is exposed to the action of flame or 
the electric spark. Hence, in manipulating with hydrogen, great care must be taken 
to prevent accidental admixture of air, as, if such admixture takes place unknown to the 
operator, explosions of dangerous character may ensue when the gas comes in contact with 
flame. In collecting the gjis, a considerable qu,antity should be suffered to escape before 
any of it is collected, so that the air in the apparatus may be completely eliminated. 

The rapid combination of hydrogen and oxygen may be brought abd^t, not only by 
the contact of flame, but also by the heat of a rod-hot iron wire, or hot enough to 

exhibit a visible glow by daylight. According to Biot. (Gilb. 99), the heat 

produced by suddonly compressing the detonating gas, is si^cient to firase the explosion. 

The presence of certain metals causes the gases to unite, even a6 ordinary tempera- 
tures, This effect is exhibited most strikin^y by platinum, in the form of platinum- 
sponTO or platinum-black (see PtATitanf) ; but it is also produced by a plate of the 
metm rendered perfectly clean by rubbing it while hot with fused potash, then washing 
it with water, dipping it into hot oil of vitriol, and again washing with water. Similar 
effects are exhibited, though with less facility, by spongy iridium and osmium, finely 
divided paUadium, gold in the form of leaves or dust, and silver leaf. This peculiar 
action of platinum and other metals appears to be due (in part at least) to the absorp- 
tion of the gases by the metal, and their condensation within its pores. (See OAsa», 
Absobptton of, by Solids, ii. 804.) 

The fiame of hydrogen, though hut feebly luminous, is intensely hot, and when a jet 
-of oxygen is directed through it, as in the oxy-hydrogen blowpi{»e, the proportions of 
the tvro gases being properly a^^sted so that neither of them is in excess, the ht'Mt 
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It is in oonseqnenee of tbs exUnmelj high tempors^ reqoirod to be s^aintained in 
paddling and mil] fbmacea, that only so small a zmction of the boat generated by com* 
bastion of ibe fuel consumed, is really e^tive in besting tbe iron (Fuw^ ii. 729), 
inasmucb as it is only tbe beat corresponding to tbe difference existing at any moment 
Mween tbe temperature of tbe iron, and tbe higher temperaturo of the atmosphere in 
tbe woridng chamber of the furnace, that is available for maintaining or raising the tern* 
perature of the iron. So long therefore as the temperature of iron in a puddling ftimaoe 
i^uires to be 1660^0., the gas passing into the chimney must be at a temperature not 
less than that^ and the whole of the heat corresponding to the quantity of gas dischaigod 
at that temperature into the chimney, will be without any other usefUl effect A variety 
of arrangements have been contrived for turning this waste heat to account in raising 
steam for driving the machinery of iron works ; and by far the most simple and con- 
venient plan consists in doing away with the separate chimney to each furnace, and 
conducting the heated gas escaping from the working chamber of several puddling 
furnaces, into a spacious underground culvert, extending some distance away from the 
furnaces, and communicating with flues passing through and round a lai^e Cornish 
boiler, along which the gas passes, and, after communicating its heat to the water, is* 
then discharged into a lofty chimney capable of producing a draught sufficient for all 
the furnaces connected with it. . 

A great number of attempts have been made to introduce other improvements in 
the method of producing malleable iron by puddling ; such, for instance, Jis the use of 
a blast of hot air, or of steam, or a mixed blast of air and steam, rotary puddling 
furnaces, &c., but excepting the admixture with the pig iron of materials containing 
f(>rruginous oxides, and the use of iron hearth-bottoms in the puddling fumaco, none of 
(liese projects appear to have either any such scientifle basis as to appear promising, 
or to have been attended with sufficient success to demand consideratiou. 

The case is different as regards the application of gaseous fuel in tlio refinery, 
puddling furnace, and mill furnace. The gas used for this purpose is either the com- 
bustible gas evolved from the throat of the blast furnaces in which pig iron is made, or 
it is made specially from small coal and other inferior kinds of fuel, by burning them in 
such a manner that the carbonic acid generated by the combustion of one portion, is 
iiiad(! to pass through a mass of incandescent fuel, so us to bo converted into carbonic 
oxide, which, together with the hydrocarbon vapours driven off from the fuel, passes 
into the furnace to be heated, ana is there burnt, much in the same manner as oual gas 
is burnt in a Bunsen’s burner (See Bischof : Die indirecie aher hdchste Nuizxing der rof^n 
Brennmaicrialen^ 1848; also Scheorer, Metallurgies i. 339). This metliod of iisiiig 
fuel has long been practised in Germany, and is now Ixdng introduced at some of the 
iron works in this country, where it is to be hoped it will eventually not only admit of 
coal being used in iron working, without those disadvantages arising from the piwsence 
of sulphur and other impurities, when it is in contact with the metal ; but that it may 
likewise become an important means of economising fuel, and especially of turning to 
good account the vast quantities of small coal that liavo hitherto been almost entirely 
wasted. For descriptions of gas generators, and gas refining, puddling, &c., see the 
Works above quoted and Percy, Metallurgy ^ ii. 696, 674, 716; Urds Dictionary oj 
Arts, MamtfactureSs ^c. ii. 673. 

4. Atmoapheria process . — Under this designation, an entirely new method of 
producing malleable iron from pig iron, has l)een proposed within the last few years as 
a substitute for the operation of puddling. It consists in submitting melted pig Iron 
to the action of a current of air forced through it until it is sufficiently dt^carburised. 
The heat generated during this process, by the combustion of the carbon and silicon, and 
some portion of the iron, is sufficient to heat the metal above the melting point of 
malleable iron, so that, when the operation is ended, the decarburised iron is obtained 
in a liquid condition, and may be run into ingots, which are afterwards to be forged into 
bars. (Bessemer, specifications, 1865, Nos. 2321, 2768 ; 1856, Nos. 366, 630.) 

The main principle of this method is to effect the conversion of pig iron into 
malleable iron, wholly by the direct influence of atmospheric oxygen, and independently 
of that reaction between the pig iron and the ferruginous or manganese oxides, or 
materials containing them, which takes place in the operation of puddling or boiling, 
and which, according to all experience, and to such scientific data as there are for 
forming an opinion, is so important a condition of the separation of sulphur and phos- 
phorus from pig iron. The result of the trial of this new method of producing 
malleable iron affords a still farther confirmation of the important influence of the 
reaction referred to as taking place in puddling. By the new metb<^ pig iron may be 
wholly decarburised, and the silicon it contains may be entirely eliminated with case ; 
hut the case is very different as regards the sulphur and ph^phonis: tor these 
mibstancee, which are so detrimental to malleable iron, far from being separat^ from 
Ihe pig iron subjected to this new mode of treatment^ are either wholly unacted np0«i 
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ygoduoed th« Itighest that can be obtained by eheiEucai eombination. (See Bbow- 

PiFB, OxY'irrnROOBir, i. 616.) 

Hydrogen Hkewiee unites %'eiy energetically with chlorine , forming hydiocbloiie acid. 
The gase^ in equal volumes, naay be mixed in the dark without uniting, but on expo- 
sure to difihsed daylight, combination takes place gradually, aad exposure to the direct 
rays of the sun, or to the li^ht of the electric ai^ or of lime ignited by the oxy-hydr^n 
flame, causes instant combination, attended with violent explosion. Explosion is also 
produced W contact with flame, or with a brick heated to 160® C. With 6mmtns- 
ffapour, hydrogen does not unite at ordinary temperatures, even in sunshine; but partial 
combination is effected by contact with a red-hot wire. With iodine , it unites when a 
mixture of hydrogen and iodine- vapour is p^ed through a red-hot tube, and, according 
to Blundell (Pom. Ann. ii. 216), at or^nary temperatures under the influence of 
spongy platinum. With other elements hydrogen does not unite directly. 

Hydrogen is an essential constituent of acids — ^properly so culled— these bodies being 
in fact salts of hydrogen. (See Acids, i. 39.) It also forma basic compounds, yif. 
ammonia, arsenett^, antimonetted hydrogen, &c.; and unites with metals and oxganio 
radicles, forming compounds called hydrides (p. 180). 

HTAiBOCIBWv A VTZMCOVZSII Ol". See Antimoxt, Hydbudb of (i. 822). 

BTBXOOBar» Ol*. See Arsenic, Hydrides of (i. 871). 

H n^ROOXWf BAOUCZSS OB. See Bromide of Htdrooen (i. 672). 

KYBBOOBXr, CBZaOBZOB OB. See CiinoRHYDRrc acid (i. 890). 

BYBROOBiry BZiirOBZBa OB. See Fi.uorhydhic acid (ii. 669). 

UTBROCUnTt XOBZBB OB. See Iodhtdaic acid. 

HTBBOOBlf, 03|Un>ZSS OB. Hydrogen forms two, or perhaps three, com- 
poiuids with oxj'gen, viz. tlie Protoxide or water, 11*0 ; the dioxide or jwroxide, 11*0*, 
and perhaps Ozone, which according to Baumert is a trioxide of hydrogen, 11*0*. 

Water. IPO. — The properties of water will be described in a separate article; 
we shall here speak only of its composition. Wo have alnuidy stated that when pure 
oxygen and pure hydrogen arc mixed in the proportion of 2 vol. H to 1 vol. O, and 
exploded, the entire volume of gas disappears and notliing is produced but water. 
Now the density of oxygen is 1C times as great as that of hydrogen : hence waiter is 
cornixised, by weight, of 8 i)t8. of oxygen to 1 pt. of liydrogen. This compisition has 
hitherto been most generally represented by the formula I JO, water being thus 
regarded as a compound of hydrogen and oxygen in equal imml>ers of atoms, and the 
atom of oxygen being supposed to weigh 8 times as much as that of hydrogen. But 
there are many reasons for supposing that a molecule of water eontjiins 2 at, of 
hydrogen united with 1 at. of oxygen — a eoinposition represented by tho formula 

j|0 or H*0. These reasons have iliready Wn given in the article Atomic Weights 


(i. 461), and need not here bo repeated. Wo will merely mention that, mceording to 
the formula H*0, the atomic weights of oxygen and hydrogen are to ono another os tho 
dinsities of the two gases, which is the most simple supposition that can be made 
r^iHxrting them, and is in accordance with tho conclusions deduced from the dynamical 
theory of heat (p. 132). 

The eom|x>8ition of water by weight and volume may Iw ascertained in various other 
ways, besides the direct combination of tlie component gases. When water is decora- 
^se<l by electrolysis, the gases are evolved very nearly in tho proportion of 2 vol. H fo 
volume of oxj'gen is always somewhat less than it should boon account 
of Its greater absorbability in water. Tho composition might also be ascertained 
r****'^ ^®pour of water over red-hot iron, measuring the volume of the hydrogen 
evolved, and determining tho increase in weight of the iron. 

J»ut the most exact method is that adopted by Berzelius and Tlulong (Ann. Ch. 
■t^hys. [2] XV. 86) and bv Dumas (Ann. Ch. Phys. [3] viii. 189), which consists in 
pure and d^ hydrogen gas, obtainedsBs describ'd at p. 198, over red-hot oxide 
* copper. This oxide then gives up its oxygen to the hydrogen, and forms water, which 
t^ilected, partly in a small receiver attached to the end of tho tube containing tba 
Wide of copper, partly in a tube containing dry chloride of calcium. Tho quantity of 
produced is weigbenl, and the loss of weight which the oxide of copper 
«wms bv parting with its oxygen, is likewise detennine<l. These experiments sliow 
« composed exactly in the proportion of 8 pts. by weight of oxygen to 1 pt. 
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or so little affected, that, relatively,they are augmented, the amount of phosphorus in 
the decarburised iron obtained by this method, being neater than it was in the pig 
iron operated upon, while the amount of sulphur is but little reduced, as will be seen by 
^e following analyses : 


Analyst . 

Pig Iron, per cent. 

Bessemer iron, per cent. 

Tookey. 

Carbon . . . • 

3*309 

0*218 

Silicon . . . - 

0*696 


Sulphur .... 

0*485 

0-402 

Phosphorus .... 

1*012 

1*102 


At the present time no means of obviating this defect are known ; consequently, the 
application of this method is confined to the working of such kinds of pig iron as are 
practically free from sulphur and phosphorus ; and hence, as regards the ^eater part 
of the malleable iron manufactured in this country, there is no possibility of tlio 
adoption of this method, although it admits of the decarburation of pig iron with much 
greater ease, and much more rapidly than the operation of puddling. In Sweden, on 
the contrary, where the pig iron produced is far less contaminated with sulphur and 
phosphorus than most of that made in this country, the new method is being worked 
with great advantage. In England, it is also being applied in working some of tlie 
better and more costly kinds of pig iron, but chiefly for the purpose of producing a 
kind of steel which bears a higher price than ordinary malleable iron,. For this reason 
the further consideration of this method will be included in the article on Steel. 

6. Iron smeltliiflr*’— In the extraction of iron from such of its ores as are suitable for 
metallurgic purposes, and as it is now chiefly practised in iron -producing countries, the 
metal is always obtained in the carburetted state, commonly known as cast iron, pig 
iron, or crude iron. The processes comprised in the smelting of iron are : — 

1. The separation of water, carbonic acid, sulphur, and other volatilisablo substances 
from the ore by the action of heat. 

2. The reduction of the iron from the state of oxide, as it exists in the ore, to the 
metallic state, by the action of carbonic oxide. 

3. The s(‘paration of the earthy substances, commonly present in iron ores, from the 
reduced metal, in consequence of the formation, at a high temperature, of fusible 
compounds of those substances ; and 

4. The carburation and melting of the reduced metal. 

In smelting the richer kinds of iron ore, calcination or roasting (Rostung ; 
grillage!^ is not always n'quisite for the removal of volatilisable substances ; but with 
the majority of the iron ores used in that operation, it is very desirable that they 
should undergo this preparatory tnaitment, as will be seen by reference to the analyses 
of iron ores ; and in all ca.ses calcination is advantageous, inasmuch as it has the effect 
of rendering the ore more porous, and consequently more susceptible of being re- 
duced. 

The calcination of iron ores is effected by heating them to dull redness in contact 
with air, either in heaps, with layers of coal at the bottom and alternating with layers 
of the ore ; or in kilns built of brick or masonry, from which the roasted ore can be 
drawn out at the bottom. The careful regulation of the heat applied^ is the most 
important requisite in the calcination of iron ores, and it should be only j'ust sufficient 
to expel the volatilisable substances, without effecting, in tl^ case of carbonaceous ores, 
the reduction of iron to the metallic shite, or, in the case oH a^ ceous ores, the formation 
of ferrous silicate and fusion of any portion of the oJEJso as to render it more 
compact. 

The changes effected by calcination consist chiefly in the separation of water, car- 
bonic acid, and bituminous substance when the ores are carbonaceous. In this case thew 
may be a partial deoxidation of the ore, attended with formation of ferrous or magnetic 
oxide ; but more generally the calcination of iron ores has the effect of producing ferric 
oxide to a mater or less extent, if the iron is not already in that state. 

The sulphur in iron ores, generally present in the state of pyrites, is also to a great 
extent separated from them by calcination, in consequence of the decomposition of the 
pyrites ; one half of the sulphur being volatilised, while the residual iron sulphide is 
convert^ by oxidation into sulphate, which may be decomposed if the beat is suffi- 
ciently mat. The entire separation of sulphur from iron ores in this way is seldmn 
practicable. 

An alteration of some kinds of iron ore similar to that resulting from calcination, 
especially as regards separation of sulphur, is effected by exposing them for a time to 
the atmosphere. In tnis process of weathering ( Verwitternng\ pyritic minerals are 
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or Werpxid^ of Mydrogem HO or IPO %—Thi$ remaiiMhh com* 
poaod watf discoveted by TbSoard (TraitS ds Chimif, 4'"*. 6d, i'v, 2, 41).-^Jt ig 
produced when peroxide of potassium, sodium, barium, strontium, or calcium is digested 
ta any add whi^ forms a goluble salt with the base resulting from the decomposition 
of the peroxide, the excess of oxygen not escaping as gas, but passing over to a portion 
of the water, and converting it into peroxide of hydrogen, e.y,: 

BaO + HCl *. 2BaCl + HO. 

Preparation. — ^Pure baryta is prepared by igniting, in a porcelain retort, nitrate of 
bariuni free from iron and manganese. The baiyta, broken into pieces about the size 
of a nut^ is then put into a coated glass tube and heated to low redness, while a current 
of oxygen gas free from carbonic acid and dried by moans of quicklime, is passed over 
it. Bor the first eight minutes the gas is eagerly absorbed by the baryta. After it has 
b^in to escape from the farther end of the tube (to which a gas deliveiy-tnbo passing 
underwater is fitted), the stream is still kept up for the space of ten or fifteen minutes. 
The peroxide of barium obtained by this process is, after cooling, preserved in a bottle. 
In the next place, 200 grms. of water are mixed with as much hydrochloric acid as will 
neutralise about 15 grms. of baiyta. Into this liquid, contained in a cylinder, or 
better, in a dish of silver or platinum kept cool by surrounding it with ice, 12 grms. of 
pero;tide of barium, slightly moistened and rubbed up in an agate mortar, are intro- 
duced by means of a wooden spatula : on agitating or stirring the liquid with the pestle, 
the whole dissolves completely and without ofFervesccnce. The baryta is next pre- 
cipitated by sulphuric acid, added drop by drop till slightly in excess : the presence of 
an excess of the acid may be known by the sulphate of barium falling down mon^ 
(quickly than before. 12 grms. more of the peroxide are then dissolved in the same 
liquid, and likewise precipitated by sulphuric acid. The liquid, which now contains 
hydrochloric acid, sulphuric acid, a largo quantity of water, and a small quantity of 
peroxide of hydrogen, is next separated by filtration from the sulphate of barium, the 
precipitate washed with a little water, and the last wash-water retained for future 
washings. The filtrate is a^in mixed, as above, twice with peroxide of barium, and 
twice with sulphuric acid. The filtration is then repeated, and the process continued 
in the same way, till 00 or 100 grms. of the peroxide are consumed. The liquid thus 
obtained would, on decomposition, yield from 26 to 30 measures of oxygen gas. To 
separate silica, alumina, sesquioxide of iron, sesquioxide of manganese, &c., which pro- 
ceed from the porcelain retort in which the nitrate of baryta was ignited, the liquid is 
mixed with concentrated solution of phosphoric acid (2 or 3 pts. of phosphoric acid to 
100 pts. of peroxide of barium) — then surrounded with ice, and supersaturated with 
j>ounded peroxide of barium : silica and the phosphates of iron, manganere, and 
aluminium then separate rapidly in flakes, and must bo separjvted fiom the liquid by 
filtration through linen, and if necessary through paper. The presence of a lurge 
quantity of sulphate of barium renders the filtration difficult. (If no phosphoric acid 
were present, the sesquioxides of iron and manganese would fall down by themselves, 
and ^ve rise to a rapid evolution of oxygen gas ; but when they aro mixed with phos- 
phoric acid, they do not produce this efifect.) Should the liquid still contain portions 
of these oxides, they must lie separated by the addition of a .slight excess of baryta- 
water ; whereupon, the liquid must be immediately and rapidly filtered through several 
filters at once, and the filters squeezed between linen to get all out. The whole of the 
baryta must then be separated by carefully adding sulphuric acid in very slight excess, 
and filtering. The filtrate now contains nothing but water, peroxide of hydrogen, hy- 
drochloric acid, and a ver^ little sulphuric acid. To separate the hydrochloric acid, 
tlie liquid is surrounded with ice, and mixed with sulphate of silver. In the first place, 
sulphate of silver, obtained by heating nitrate of silver in eontact^Uh oil of vitriol in 
a platinum crucible, is introduced in the form of powder into tHIfUquid — the whole 
^ing constantly stirred till the liquid liecomes clear, a sim that tfir hydrochloric acid 
is wtiolly or nearly precipitated. Any hydrochloric acid that may still remain must 
be sepMVted by cautiously adding more sulphate of silver. If the latter has been 
added in exces^ it must be precipitated by carefully dropping in a dilute solution of 
chloride of barium. The liquid should contain neither hyrnwchloric acid nor silver, and 
ahould therefore |;ive no precipitate either with solution of silver or with hydrochloric 
imi(b The chloride of silver is separated by filtration and pressure, any portion of 
Ik^uid which comes through turbid being filtered over again. To remove the sulphuric 
acid also^ and obtain a pure mixture of water and peroxide of hydrc^cn, the liquid ia 
plac^ in a glass mortar surrounded with ice, and robbed up with slaked oaiyta 
previousljr pounded and diffused through water : Ae baryta is added till the sulphuric acid 
u very nearly aaturated. The liquid is then filtered, the filter pressed between linen, 
and baiyta-wa^ added in slight excess . this often occasions the precipitat ion of oxide 
of iron and oxide manganese, as well as sulphate of barium; hence the filtration 
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(mdised and eonverted into snlphateB, which may be waahed out to aome extent b^ 
rain, and this change, together with the peroxidation of the ore that pUee m 
some ewes by contact with atmospheric air, has the effect of disintegrating the ore and 
rendering it more porous. ® 

Sometimes the separation of the Tolatilisable constituents of iron ores, instead of 
being effected by a preliminary operation, takes place in the blast furnace, and is then 
the 6rst stage of the process of smelting, the heat requisite for the purpose being derived 
from the current of gas ascending tlirough the charge. It is probable that in some 
cases this plan may be attended with economy of fuel, and that if the height of the 
shaft could be increased, so that the upper part would serve as a substitute for the 
calcining kiln, the temperature of the gas discharged from the throat might be reduced 
to a minimum, and the whole of the heat generated in the furnace thus rendered effec- 
tive. But there is a practical limit to the adoption of this plan, consisting in the 
friable character of some kinds of fuel and ore, and their liability to become crushed 
by the weight of a high column of materials in the shaft. In the Cleveland district, 
where the ore is used m large masses, and the fuel used is a very hard coke, fUrnaces 
have been built with this object 75 feet high, and the temperature of the gas has boon 
reduced on the average to about 258° C. instead of 381° C. (I. L. Bell, Industrial 
Resources of the Tyne, Wear, and Tecs, p. 107). But this saving is only partial, and 
since the calcination of ores in the blast furnace is attended with disiidvantagos as 
regards other modes of applying the waste heat of the gas discharged from blast fur- 
naces (see p. 354), it yet remains to bo seen whether that plan can be adopted so as to 
realise! the greatest po.ssible degree of economy in fuel. 

The smelting of iron ores is conducted in a furnace consisting essentially of two 
parts, viz., the hearth, which is a circular chamber, built of stone and lined with flre- 
l)ri(*k, where the •combustion of the fuel and the melting of the reduced ore and flux 
take place, and the shaft, which is a wider cylindrical chamber, built above the hearth, 
and continuous with it, where the charge of ore, flux, and fuel continuously supplied at 
the (op, is subjected to the action of tho heated gas resulting from combustion, before 
reaching (ho hearth. The precise form and dimensions of this furnace, which is termed 
a furnace {Hohofen ; haut fourneaii) vary considerably (see Truran, op. cit. pp. 
22, 121, (t srq. ; Percy. Metallurgy, ii.'350, 475, and 559). One of the most approved 
tonns is represented by 686. In this case, tlie distinction between the hearth, 
a a, and the shaft, bb'h", is less marked than it is in some furnaces where the hearth ia 
not more than two or three feet wide, with its sides vertical and terminating in a 
decided angle at the junction with tho lower part of tho shaft, b b', termed tho boshes 
iliast: ('talnnp\ _ 


{Rust; etnlage), which in the older 
form of furnaces, was more inclined 
than in the figure, while the shaft 
{Schacht; cuve), b' IT, was much 
more conical, and formed a de- 
cided angle at its junction with 
the upper part of the boshes, or 
widest part of the furnace, termed 
the Mly fKoMcnsack; ventre), so 
that the interior sectional contour 
cerresf^nded to the dotted outline 
shown in the figure. In the furnaces 
of this form, the upper portion of tho 
u “ termed on the Continent 
the Gfstell; ouvrage, and the lower 
portion, where the melted materials 
collect, the Crucible{Heerd ; creuset). 

^ At one side of the hearth, there 
18 an opening formed by an arch, t, 
cafted the tymp {Tumpel ; tympe), 
*11 below this arch the hearth is 
prolong outwards somewhat be- 
yond the plane of the tymp, as far 
^ of stone d, called tho 

^ iW^stein; dame), over which 
e melt^ slag flows away to the 
through a depres- 
the cinder notch 
in the upper 
the dam. Through the 
om of one side of the 


Fig. 586. 
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performed. The excess of hsi^ is removed bjr eeutSonslf edding 
Wut»0i^ihniio said, so that there may be ntlier a ver^ sh^ht cucoeM of tJie oeid than 
of the tifjta. The whole of the eolphorie a^*d may llken^ be lettoved hy meana 
of earbdtate of barium obtained in a hnely-dmded state by precipitation, instead of 
by slaked biuyta and baiyta-water. Fin^y, to separate the whole or nearly the 
whole of the water, the vessel containing the liquid is placed in a dish containing oil 
of Titriol, and the whole placed under a receiver of the air-pump : the water then 
evaporates before the peroxide of hydrogem The fluid is agitated from time to time. 

If it should d^osit flakes of silica, whirii give rise to the escape of oxygen gas, it must 
be decanted off from them by means of a siphon : if it should evolve oxygen — which it 
will do as soon as it is so far concentrated as to contain about 250 times its vcduine of 
oxygen — two or three drops of sulphuric acid must be added to it* The concentration 
must be stopped after a few days, when the liquid is brought to such a state that when 
decomposed it would evolve 475 volumes of oxygen ^ ; for this residue, if left longer 
in vacuo, would evaporate as a whole. The peroxide of hydrogen must be kept in 
long glass tubes clos^ with stoppers and surroimded with ice ; but, sTan under these 
circumstances, it decorapo^ slowly and evolves oxygen ^s. (Th^nard.^ 

2. Peroxide of barium is decomposed by hydrat^ hydrofluoric acid or mlutien of 
hydrofluosilicic acid, the whole being kept constantly cool ; in this case, insoluble fluoride 
of barium or double fluoride of silicium and barium separates at once. Ae soon an- 
suflicient quantities of acid and peroxide of barium have been mixed, the ^roxide of 
hydrogen, still containing a largo (quantity of water, is Altered from the prempitate and 
concentrated in vacuo over oil of vitriol. (Pelouze, Berz, Lchrb, i. 411.) 

Properties. — Colourless transparent liquid, of specific gravity 1*462; it does not 
freeze at —30°; evaporates in vacuo at ordinary temperatures without decompo- 
sition, though much less readily than water; docs not *redden litmus, but gradually 
bleaches both litmus and turmeric paper; has a harsh, bitter taste, similar to that of 
tartar-emetic; whitens the tongue and thickens the saliva; when placed upon the 
hand, it instantly turns the cuticle white, and after a time produces violent nching. 
(Th4nard.) 

Peroxide of hydrogen is miscible in all proportions with tcafrr, pert of the walgr 
freezing out on exposure to cold. A solution containing eight times its own volume of 
oxygen gas be^ns to evolve gas at 60°, and subsiKjucntly gets into a state of violent 
obullition, and when this has ceased, nothing is left but water. The peroxide likewise 
unites with acids, e.y. phosphoric, sulphuric, hydrochloric, nitric acid, &c., forming 
mixtures in which it is less easily decomposible than when alone. 

It is doubtful whether peroxide of hytlrogcn has ever been obtained quite free from 
wjiter. Th^nard, however, found in a specimen prepared as above described, 6*02 pep 
cent, hydrogen, and 93 98 oxygen, the formula HO requiring 6*88 H, and 94*12 O. 

Decompositions, — The second atom of oxygen is retained by the hydrogen very 
livxscly. Under various, and often enigmatical circumstances, it separates from tlie 
water in the form of gas, the volume of which at 14° and 076"*. bar. (29’8 inches) 
amounts to 476 times that of the liquid. The gas often escapes with such rapidity os 
to produce violent efForvesconce, and even explosion. Great heat is also dovolopetl, 
and when the experiment is made in the dark, even light is apparent. 

The several modes of decomposition are as follows : — 

1. In Uie circuit of the voltaic battery, peroxide of hydrogen, like water, is gradually 
rr^solved into hydrogen at the negative ana oxygen at the positive pole — only tliat the 
proportion of oxygen is greater than in the decomposition of water. (Th4 nard.) 

2. By a^ certain elevation of temperature. At freezing temperatures, peroxide of 
hydrt^n is but very slowly decomposed ; at ordinary temperatures, it merely evolves 
a bubble of oxygen now and then, the decomposition not being complete for months; 

Bt 20° the escape of gas becomes more perceptible. By suddenly raising the tempera- 
ture to 100°, this gradual escape of gas may be converted into a kind of explosion, 
rinally, there remains behind nothing but pure water. Sunshine does not appear to 
Bc^Iemte the decomposition at ordinary temperatures. (Th^ n ard.) 

3. By contact with certain substances, which either remain unaltered, or take up 
P«ri of the oxy^n of the peroxide, or on the oontraiy themselves evolve oxygen,— 

midity with which tnese substances induce the separation of oxygen from tlm 
^<^nd» partly on their chemical nature, partly on the minuteness of their 
division : the farther this is carried, the more rapid is the action. (Th5n ard.) 
m f^.^Btoxido of hydrogen, whether pure or in aqueous solution, acta as a powerful 
^ k converts arsenions acid into arsenic acid, sdphurous acid into 

wuphunc ae^ sulphide of lead into sulphate of lead, and the hydrated pratoxides of 
®“®6*n€se, iron and cobalt, into the peroxide and sesquioxides respectively. 
r^woxides of barium, strontium, and calcium are translbrined Into the correi^Kmdsaig 
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tfaffPC) ii H AftUiiel, the tdppinff hole (Stichloch; troudecijulie) conuntinicating 
with the Ketirth, to admit of the melted metal collected at the bottom of the hearth 
beiflg rtin out e.t intervals. This channel is stopped up with clay or tod, while 
the metal and slag are accumulating in the hearth* That side of the fhrnace to- 
wards which the hearth is prolonged, is called the front {Arbeitseeite; partie an- 
tirieure), while the opposite side is called the back {Buckseite; partie poeUrieurc). 
At this side there is an arched opening, a, called the tuyere hole {Form) and 
there is generally a similar opening at each of the other sides* Opposite each of 
these openings an arch is turned in the outer brickwork of the furnace to admit of 
access to the tuyere holes. The upper extremity of the shaft is called the throat 
{Qicht; guelard), and is generally surmounted by a low wall or chimney, called the 
tunnel Mod, with openings at the side for introducing the materials into the furnace. 

Air is supplied to the furnace through a series of pipes connected with a blowing 
engine, each pipe terminating with a conical tube called a tuyere {Duse ; tuyhe), 
surrounded with a hollow conical sheath, through which passes a stream of water to 
prevent the melting of the tuyeres, extending through each of the tuyere holes as far as 
the interior surface of the hearth. 

In the Working of a blast furnace, the shaft is kept nearly filled with the solid 
materials used ; these are introduced at intervals into the upper end, and gradually 
sink down as the smelting progresses. Meanwhile a continuous supply of air is forced 
into the lower end of the furnace through the tuyeres, under a pressure of from -J- to 
2 lbs. per square inch in charcoal furnaces ; and from 2 to 5 lbs. per square inch in 
furnaces worked with coal or coke, and in quantity proportionate to the size of the 
furnace and its rate of working, so as to maintain a rapid combustion of the fuel at 
that part of the furnace immediately above the level of the tuyeres. (See Truran, 
op, citi p. 116.) 

The reduction of the ferruginous oxides in the ore is effected by the reaction taking 
place at a high temperature between these oxides and carbonic oxide, produced by 
the combination of carbonic acid, resulting from combustion of the fuel, with a further 
quantity of carbon equal to that it contains; and, since ferric oxide contains 30 per ceirt. 
of oxygen, the carbon and air requisite in these reactions for the reduction of a quan- 
tity of ferric oxide containing 1 pt. of iron will amount to : 

Part* by weight Parts by weij^ht of 
of carbon requi- oxygen requisite to 
site in the state of form carbonic acid 

Iron. Ferric oxide. carbonic oxide. with half the carbon. Air. 

1 « 1-429 = 0-3214 = 0-4286 = 1-863 

or somewhat about 8 cwt. of coal, containing 80 per cent carbon, and 1 ton 17 cwt. 
29 lbs. of air, or 54,443 cubic feet, per ton of iron made. 

The reduction of the ferruginous oxide in the ore is not alone sufficient for the pro- 
duction of the motal in an available condition : for it is but seldom that iron ores do 
not contain a considerable admixture of earthy substances which require to be sepa- 
rated. They generally consi.st chiefiy of silica, clay, or carbonate of lime, as will be 
seen by reference to the tabulated. analyses of iron ores. These substances being 
intimately mixed with the ferruginous oxide, and consequently with the reduced metal, 
it is necessary that they should bo melted as well as the metal itself, in order that 
they may separate according to their different densities in the liquid state. Any one 
of these substances alone is infusible at the temperature commonly produced in iron 
smelting, and they can be separated only by being converted into sufficiently fusible 
compounds. The double silicates containing two or more ba^s, are substances whose 
fusibility corresponds to the requirements of this case, aiiA it is by the formation of 
such a vitreous silicate, termed slag {Schlackc; /a^Y^rT^apablo of being readily 
melted, that the separation of the earthy admixtures in ircSAres is effected. 

It is hut rarely that these admixtures are of such a nkture, and present in such 
relative proportions, as to produce, under the influence of heat, a silicate that would 
be suitable for the purposes of iron smelting. Hence it is necessary to mix with the 
ore some substance that will effect this result. The nature and proportion of this 
flux {Zuschlag ; castine) will of course depend upon the composition of the ore to bo 
smelted, and must be regulated in accordance with the general principles relating to 
the production of slags. (See Mbtallubqy.) 

In smelting iron ores in which the earthy admixture is chiefiy calcareous, clay or 
some siliceous material, such as forge cinder or the roasted slag frt>m puddling fur- 
naces, is added as a flux, or the ore may be mixed, in suitable proportions, with o^ 
containing silica or day. In the more frequent case of ores containing clay, or silica 
•in some form, the material used as a flux is limestone or quicklime, in order to effect 
Uie foxtotion of a double silicate containing alumina and lime as its basic constituents. 

of the double lime and alumina silicates varies according to the pro* 
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pewjddea, wbieh, being insoluble, are jpredpitated. The concentrated i 
oxide of hvdrogen acte with great nolenee upon certain of the elemeh 
arsenic, molybdenum, chromium, &c., converting them at once into their 
6, Certain bodies, among which are included chariX>a], many meta^~^ 
metallic oxides, induce, by their mere contact, a more or less violent dec 
the peroxide into water and oxygen, without themselves undergoing Any cb 
platinum, and silver, particularly when in the precipitated or spongy 
violently, and cause a great disengagement of heat. A slightly acia“'aolitltiottli^ 
peroxide is less amenable to the action of these agents than is the pure aqueous solu* 
tion ; alkalis on the other hand facilitate the decomposition. The action of the above* 
mentioned bodies in causing the decomposition of the peroxide is termed catalytic. 
Its nature, however, is not at present understood. 

c. But the most remarkable circumstance connected with peroxide of hydrogen is its 
property of acting as a reducing agent. When peroxide of hydrogen, or its analogue, 
peroxide of barium, is added to any one of the following substances, namely, the pro^ 
toxides of silver or mercury, the peroxide.s of manganese or lead, the chromic, perman- 
ganic, and ferricyanic acids, or their salts, not only is oxygen evolved from the 
|>eroxido of hydrogen, but also from the other oxidised body. Several of these reactions 
‘Were noticed by Th^nard in 1818, but they were first minutely examined and 
explained by Brodie in 1850 (Phil. Trans. 1860, p. 769; Chem. Soc. Qu. J. iv. 194; 
further, Chem. Soc. Qu. J. vti. 304). In accordance with his views, it seems that the 
second atom of oxygon in the peroxides of hydrogen and barium is not merely retained 
in an unstable state of combination, but thiit it is, by association with the oxide of an 
electro-positive element, like hydrogen or barium, thrown into a polar state, opposite 
to the polar state of the oxygen in unstable protoxides, and to that of the loosely 
combined oxygen in the more or less chlorous peroxides. Hence when the peroxide 
of hydrogen or barium is brought into relation with one or other of these oxygenised 
compounds, the two oppositely polarised oxygens unite with one another, as indicated 
in the following formulae ; — 


MnOO + H«00 
AgA^O + H*6 o 


MnO + H'^0 + 00 

AgAg + H*0 + 00 


Cr^0*0* 

P 


+ H«0»0* 

+ IPOO 


Cr*0» + 
2UI + 


3IP0 + 

00 


300 


Brodie has shown that, in the third and fourth reactions, the amounts of oxygen set 
free correspond exactly with the above expressions. In the other two reactions, some 


--i»ng to the second equation 

liHS not been Jound to constitute more than 49, instead of 60, per cent, of the total 
quantity of oxygen evolved. -It is observable that in no case can the oxygon from the 
peroxide constitute less than one-half of the total oxygon liberated. The above re* 
ot'tions are perfectly comparable with admitted reactions showing the format!^ of 
hydrogen and the alcohol radicles (see CHEMtcAL affinity i. 867), for example ' >* 


Cuai* 


2HC1 


Cu*CP + 2HII. 


Zn(C«II»)* + 2(C«H»)I «. ZnP + 2(C*H')(C2H^). , 

Schbnbein, apparently unaware of Brodie's researches, has recenjfer drawn attcnl^li 
to the phenomena of deoxidation effected by the peroxides of hyiKKen and bttaditn9|i, 
and has shown that ozone is rendered inactive by them. He regan^>zone i " ^ 

nently negative oxygen, O, which can form ozonidesof silver, of manganous < 
and, in the above reaction, is neutralised by the permanently positive 

anioirone, 0,j>{ the peroxide of hydrogen ; where^ according to Brodie, the polarity 
J associated, and 


the oxygen dej 
manifested oni 


V'erhandl. d, natnrC*' 


spends upon the nature of the body with which it is 

ly at the instant of its disassociation. (Sch 6 n be i n, \ 

Gesellsch, in Basel, ii. 113, 463, 472 ; Ann. Ch. Pharm. cviii. 157 ; J. pr. Chem. IxjEfti. 
257, 263; Ixxx. 266, 276; Ixxxi. 1; Ixxxiii. 86; Jahresber. 1858, p, 68: 1869, pt 5^'^ 
1860, p. 54; 1862, p. 96.) • F • 

• Schbnbein has confirmed the observations of Meidinger and others, that peroxid^^ 
hydrogen may sometimes l)e detected in water which has undoigone electrolysis. * 
also to have shown that traces of peroxide of hydrt>gen ore prodjtioea 
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portion existing between the siHea and the bas^ as well as that between the two 
1)0868. The most fusible of them are those in which the oxygen of both bases amounts 
to two- thir ds of that in the silica, and the oxygen of the lime equals that in the 
alumina. 

In smelting iron ores with charcoal, the temperature of the fhrnace is generally 
lower than wSen th^ are smelted with coke or uoal, and on that account . the slag 
requires to be more ^ible than in the latter case. In smelting iron ores with coke 
or coal, especially when hot blast is used, the temperature is so much higher than in 
furnaces worked with charcoal — ^not only where fusion takes place, but also at the 
upper part of the furnace — that the slag requires to be rendered less fusible bv increas- 
in^he proportion of lime to such an extent, in relation to the silica and alumina in 
the ore, that fusion may not take place before the reduction of the ore has been com- 
pletely effected, and that the fragments of the charge may not become agglutinated, 
but remain loose and porous while passing through that portion of the shaft where 
reduction takes place, and consequently more capable of being permeated by the 
reducing gas. 

In the smelting of siliceous ores there is a further necessity for the addition of lime, 
even more important than that connected with the production of a suitably fusible 
slag. This arises from the circumstance that the double silicate, containing alumina 
and ferrous oxide as its basic constituents, is very fusible, and from the consequent 
tendency to the formation of this compound, the result of which would be that a con- 
siderable amount of the iron would escape reduction to the metallic state, and pass off 
in the slag, thus giving rise to considerable loss of iron, besides other serious incon- 
veniences. This combination of ferrous oxide with the aluminous silicate in the ore 
does not take place in the presence of a sufficient amount of lime, and in order to 
prevent it as much as possible, the quantity of lime added to the ore is generally 
such as to form a slag in which the oxygen of the bases is equal to that in the silica. 


Analyses of Slags from Blast Furnaces. 


Kind of iron made 


i^dsken, 

Sweden. 

Pelt*. 

KUnigshlitte. 

RUbc- 

Innd, 

Uartz. 

Hamm- 

hiltte. 

^ Siegen. 

OUborg, 

Weit- 

phalia. 

- j 

Bog iron 
ore* 

1 




Red and 
brown 
iron ore. 

Charcoal. 




Mottled 

pig- 


Specular iron. 
Hot blaat. 


Ferrous oxide . 

0*96 

Manganous oxide 

1*86 

Alumina . 

4*30 

Lime 

38-64 

Magnesia . 

7*40 

Potash 

0-30 

Soda , , 

1-38 

Silica 

46-37 

Phosphoric acid 

traces 

Sulphur , 

0*03 


100*00 

Ratio of oxygen ini 


bases to oxygen in 1 

0*697 

silica , . J 


Ratio of oxygen in] 


bases to oxygen in [- 

7*301 

alumina . .j 


Percentage of iron . 

0*740 


0 06 1 1-27 

3-96 3 16 

6-631 6-71 

27*60 
7*01 


37-8 48*39 66*26 
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«)udab‘on oeanmng in the p^ence of moisture ; ibr example, those of 
^'iither, sinCj &o. This production of peroxide of Wdrogen he considera 
_^i^e of the other oxidation. Thns when moist sinc-nlings are oxidised by 
quantity of peroxide of hydrogen, which maybe dissolyed out by 
||alilmitted to chemic^ tests, is formed, according to the following equation ; 


> + 2H*0 2H«0 + 200 


ZnH*0» + ZnU«0« + 2H*00. 


in n dilute stute, muy be recognised either by its 
<^d^ng or its reducing properties. Thus it decolorises a solution of indigo, especially 
tu the pw^nce of sulphate of iron, which appiirontly serves to convey the oxygen from 
the peroxide to the indigo ; and siipilarly it libemtes iodine from a solution of iodide 
of jx^assium, starch, and sulphate of iron. On the other hand, it decolorises a 
solution of permang^ate of potassium by reduction* and causes a blue precipitate 
in a solution containing sesquichloride of iron and ferricynnide of potassium. It 
eventually reduces chromic acid to the state of chromic hydnvto, but its first action 
is to produce, by oxidation, a very unstable per<*hromic acid. This compound, which 
has a deep blue colour, is readily soluble in ether, and its ethereal solution has a 
eertain degree of stability; so that the presence of peroxide of hydrogen in any liquid 
may be awertained by mixing it with ether, and then adding a few drops of a solution 
of chromic acid, whereby the ether assumes a bright blue colour. 

The compound radicle, peroxide of hydrogen IIO, is equivalent to the simple radicle 
chlorine Cl, and in a great number of reactions is exchangeable for chlorine and its 
congeners. One of the moat generally useful modes of oxygenating ditferent compounds 
consists in first substituting a halogen in exchange for hydrrigen, and then, by means 
of water, substituting peroxide of hydrogen in exchange for the halogen. Thus, by the 
action of bromine upon acetic acid, we obtain bromacetic acid: — 


C«n*0» + Br* « C»H»BrO* + HBr. 


Then, by the action of water upon bromacetic acid, we obtain gly collie, or oxyacctis 
scid^-^ 

' ^ C»H*BrO* + H.HO = C2H‘(H0)0», or + HBr. 

Manual of Chemistry, p. 1 24. ) 

Vl!|#xld0 of Kydrogen. IPO*. — This, according to Baumert (Pogg. Ann. Ixxxix. 
38), ii the composition of Ozonk (q. v.) 

PBOSPBXSSS OP* Three of these eomponnds are known, 
viz. phosphoretted hydrogen gas, PH*, liquid phosphide of hydrogen, PH*, and the 
solid phosphide, P*H. 

1. Pliosphoretted Hydrogen or PbospHamtne. PH*. — This gas, the 
analofipie of ammonia, is produced by the spontaneous decomposition of phosphorised 
organio b^ies, decaying fish for example. Its natural evolution appears to be the 
causq^of iynesfatJtz and similar luminous ^pearances. The gas is also liberated in 
many chemical reactions, but it is very difficult to obtain pure, being always mixed 
jnth a neater or lesser proportion of free hydrogen, and frequently with the vapour of 
liquid phosphide of hydrogen, which renders it spontaneously infiamraable, a property 
does not possess when free from the liquid phosphide. Tlie spontaneously 
ntfla jt hin ble gas was discovered in 1789 l>y G engembre (GrelL Ann. i. 460), and the 
Wm^l^ntaneously inflammable gas by Davy some years later. 

\**i^uetian of the spontaneously inflammable gas. 1. The compounds of phosphorus 
^th the alkali-metals are resolved, in contact with waU*r, into an alkaline hyp>phos- 
phite and phosphoretted hydrogen. An impure phosphide of calcium is generafly used 
for the purpose, prepared by heating phosphorus with lime (L 719). When it is tlmiwn 
spontaneously inflammable phosphoretted hy<lrogen is slowly liberated, and 
jflMttbbles of gas, as they reach the surface, take fire, burn with a highly luminous 
igd^produco thick clouds of white smoke, which, in a quiet atmosphere, ascend 
successive gradually expanding rings. 

# of zinc, tin, or iron, with aqueous sulphuric or hydrochloric acid, yields 

• sulphate or chloride and phosphoretted hydrogen gas. 

. **J^<^horas heated in an aqueous solution of a fixed alkali, yields phosphoretted 
nyoro^n ^as, together with a hypophosphite and phosphate of the alkali-metal. Buch 
to ** eatertc*d by potash, soda, lithia, baiyta, strontia, and lime, and, according 

"Raymond, by oxide of zinc and protoxide of iron. The primafy decomposition 
phosphoretted hydrogen and hypophosphite ; thus with limc-wuter: — 


3CaH*0* -|. P* -I- 6H*0 * 3CaH‘P*0‘ + 

H^drali* of Hypopliot. 

(^ciuta phiteofe^. 


2PH* 
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Analyses of Slags from Blast Fumaees — contmned. 


Locality • 


Magdesprung, Hartz* 


Spathic, red, and brown iron ore. 


I Gezberg. ®*“ 


Magnetic iron ore. 


Kind of Iron made 

Analyst . 

Ferrous oxido . 
Manganous oxido 
Alumina . 

Limo 

Magnesia . 

Silica 

Sulphur 


Rammclsberg. 


Batio of oxygen in] 

bases to oxygen in • 0*762 
silica . . J 

Ratio of oxygen in] 

I bases to oxygen in • 0*481 
I alumina . 

Percentage of iron . 3*130 


0*44 

3*25 

24*86 

24*53 

4*96 

11*27 

26*66 

21*55 

1*10 

0*82 

41*49 

38*68 

99*50 

100*00 ] 

0*340 

2*420 


Bromeis Wehrle. Oengren Sjdgeen. Follin. 


68-60 61*06 


tdysea of Slags from Blast Furnaces — continued. 


Ore used 
Fuel used 


Provl- 

Rus. Rus- 

Dudley, sell’s sell’s 

Hall. fo.BeU jjall. 
glum. 

Clay iron ores of the coal measures. 
cuke. I coke. 


Kind of iron made 


white forge pig. 

grey P'g- 

hot blast. 



white pip 

Analyst 



Riley. 


Percy. 

Forbes. 

Percy. 

Dick. 

l^oad. 

Ferrous oxide . 


3*08 

6*91 

0*76 

1*27 

0*93 

4*94 

1*00 

19*80 

Manganous oxido 


1*02 

1*67 

1*62 

0*40 

2*79 

2*26 

2*20 

1*63 

Alumina . . 


11*65 

16*61 

16*13 

14*11 

13*01 

13*06 

12*91 

20*20 

Lime 


32 09 

23*81 

32 82 

36*70 

31*43 

32*63 

29*92 

10*19 

Magnesia . 


3*78 

4*38 

7*44 

7*61 

7*27 

1*06 

4-79 

2*90 

Potash 


1*63 

1*98 

1*92 

1*86 

2*60 

2*69 

0*87 

1*10 

Silica 


45*23 

44*88 

38*48 

38*05 

37*91 

" 42*06 

47*08 

42*96 

Phosphoric acid . 



0*43 

0*15 


. f 

0*19 

0*06 


Calcium t 

Sulphur 


1*04 

0*83 

0*59 

0*47 

1*23 

0*99 

1 0-82 


1*03 

1*78 

1-32 



100*16 

100*63 

100*54 

99*81 

99*56 

99*81 

100*60 

100*00 

Ratio of oxygen in' 









bases to oxygen 


0*716 

1 0*691 

0*99 

1*01 

0*963 

0*81 

0*691 

0*822 

in silica . 









Ratio of oxygen in' 
bases to oxygen 


2*18 

1*46 

1 * 86 . 

2*09 

2 16 

1*88 

1*87 

0*029 

in alumina 









Percentage of iron 


2*39 

6*37 

0*60 

0*99 

0*62 

3*84 

0*80 

16*40 


The characters that are generally considered to be indicative of the formation of a 
suitable slag, consist in its being sufficiently liquid to separate perfectly from the 
metal, thou^ 'as it flows firom the furnace it is generally somewhat viscous, '^en 
sol. lifted, it should not be vesicular, but compact and uumogenous, without being 



^ HTDBOGEN, 

But ftom th* reiy begiiming of the acrion, the phosphorettod hydrogen 
with mow OP lew free hydi^n, and there is likewise a certain quantity orfp^9|»hat^ 
produced ; and as the boiling is continned and the solution becomes more ome^tmted, 
the quantity of hydrogen gas continually increases, beca^ a g^ter and greater 
quantity of the alLdine h^phospbite is resolved, by boibng in the al kaline liquid, 
into hjrdjvifett and an alkaline pho^b&te, e.g. : 

KH*PO^ + 2KHO - K^PO* -h Ei 

Hypophosphite Phosphate 

of potaisium. of potassium. 

This seoondaiT decomposition takes place especially with the hypophosphites of the 
true alkali-metals ; hence solutions of the alkaline earths are best adapted for the 
preparation of pure phosphoretted hydrogen. 

4. "WTien hypophosphites are heated, phosphoretted hydrogen is evolved, generally of 
the more inflammable, more rarely of the less inflammable variety, mixed with a 
certain quantity of vapour of phosphorus and free hydrogen gas. (H. Rose.^ 

TAa noTS-aponianeously inflammable gas is produced — 1 . When hypophospnorous or 
phosphorous acid is heated, these aci^ being then resolved into phosphoric acid and 
phosphoretted hydrogen, which may bo collected over water : 

2H*PO^ - PH* + H*PO*. 

llypophof- 
phoroufl add. 

4n*PO* « PH* + 3H*PO«. 

Phosphorous 

ncid. 


According to Dumas and H. Rose, the first portions of gas evolved by this process are 
pure, but the later portions contain a considerable quantity of free hydrogen. The 
phosphorous acid should bo gent ly heated in a flask of hard glass, as when softer glass 
18 used, a phosphite of alkali-metal is frequently formed, which is decomposed by the 
heat and yields free hydrogen. The mixture of phosphorous and phosphoric acids, 
sometimes asWodk phosphatic which is produced when phosphorus is left to oxidise 
slowly in moist aur, may be used for the purpose. By the application of a stronger 
heat, hypophosphites, as well as hypophosphorus itself, yield phosplioretted hydrogen, 
but the gas produced from the salts is usually spontaneously inflammable and mixed 
with free hydrogen. — 2. When zinc or iron is dissolved in aqueous phosphorous acid, 
or zinc in a mixture of aqueous phosphorous acid and sulphuric acid, or when phos- 
phoric acid is deoxidised by potassium or sodium (Wohler). — 3. When phosphorus is 
boiled with hydrate of potassium and alcohol, the non-inflammable gas is evolved, mixed 
with hydrogen gas and alcohol vapour, and there remains hypophosphite of potassium 
and a small quantity of phosphate, together with excess of potash (II. Rose). — 4. When 
phosphide of calcium is decomposed by concentrated hydrochloric acid (Dumas). — 
5. Phosphorus, under the influence of light, decomposes water, producing phosphoric 
oxide [? rod phosphorus] and phosphoretted hydrogen gas, which remains dissolved in 
the water. 

Spontaneously inflammable phosplioretted hydrogen may be freed from the com- 
pound PH*, and rendered non-inflammable, by passing it through a freezing mixture of 
ICC and salt ; but according to Graham, the addition of a minute quantity of nitric 
oxide gas will confer on it the property of spontaneous inflammability [? by oxidising 
a small quantity of it to PIP], It is also deprived of its spontaneous inflammability 
by exposure to sunlight, by contact with charcoal and otlier pulvendent bodies, and by 
admixture with the vapours of ethylic chloride, ethylic oxide, alcohol, turpentine, &c. 

Properties, Phosphoretted hydrogen is a colourless gas of specific gravity i‘214 
referred to air, or 1 7‘25 referred to hy^*ogen (D u m a s) ; by calculation for a condensation 

31 + 3 ' 

to 2 volumes it is ^ — IT. It is liquefiable, but has nol|||£t been solidified 

(p. 98). It smells like stinking fish, or rather the fish in a state onlecamposition havj^ 
the odour of the gas, since they evolve it It is sparingly soluble in water, more so in 
alcohol, ether, and volatile oils. Neither the gas nor its solutions have any action upon 
blue or red litmus paper. 

Dtcompositions . — 1. When a series of electric sparks is passed through the gas, two 
volumes of it arc converted, with deposition of phosphorus, into three volumes of hy- 
drogen.— >2. Most 'metals heated in the gas combine with the phosphorus, and liberate 
the hydrogen.— 3, Phosphoretted hydrogen is very inflammable, burning with a 
brilliant flame and evolving a white smoko of phosplioric acid. A mixture of the non- 
SfMntaneously inflammable gas and oxygen standing over water is gradually absorb^ 
with production of ph(»phorous acid. The mixture of the two gases, though changing 
very gradually at ordinary pressures, undergoes, when suddenly rarefied, an install*, 
taueous decomposition, attended with violent explosion. — 4. Pho^horett^ b 7 drogg|^ 



i 



of lime would not remove tliis difference, which is due to the deficiency of silica in 
proportion to the alumina present, and is probably accompanied by a less degree of 
fusibility of the slags. This circumstance will perhaps servo to account for the appa- 
r»*nt necessity of a very high temperature in the smelting of these ores, and for tho 
failure of the attempts that have been made to smelt them with cold blast. (I. L. Boll, 
loc. cit. p. 95.) 

Analyses of Slags from Cleveland Ores. 



Name of works 

Clarence, Middlesbro’. 




Flue dust 


Ore used . 

Clay iron ore smelted vrith coke and hot blast. 

from blast 




furiwicegas. 


Analyst . 

Crowder. Clarence Laboratory. 


Ferric oxide 
Ferrous oxide . 
Manganous oxide 
/anc oxide 
Alumina , 

Lime 

Magnesia . 
Potash 
Soda . 

Silica . , 

Phosphorus 
Sulphur , , 

Chlorine , 

Water 




Ratio of oi^gen in bases to oxy- 
gen in sili^ , 

Ratio of oxygen in bases to oxy- 
gen in alnmina 


Percentage of Iron • 


100-62 98*76 100*36 99*24 99*66 

1*676 2*042 1*687 1*600 

1*127 2*394 1*392 1*346 

0*660 2*830 0*470 0*260 





oou^f^ mftny oxidised bodies, s. o. m^rts ond^ nt^ add, iulphurcui onJIy^ 
dridumd iidffAunc add. It is completefj absorbed by solutions of AypocJUoraus tuSd 
and tbe alkaline hypochlorites. — 5. It precipitates the solutions of many mdaUia aalU 
those of lead very slowly, those of capper more quickly, and those of the noble meiaU 
most quickly of all. The precipitates, save those pr^uoed with mennuy-aalts, are 
black or dark-coloured. They consist of metHllic pboaphide, as in tbe case of copper; 
of mixed phospbide and metric salt, as in tbe case of mercury ; or of reduced metal, 
as in the case of silver and gold illation of sulphate of copper is often used for 
estimating the projwrtion of free hydrogen in ordinary phosphoretted hydrogen, by 
observing the quantity of gas which it leaves unabsorbea. 

6. CUorine, bromine, and iodine decompose phosphoretted hydrogen, abstracting its 
hydrogen. If in excess, they also combine with its phosphorus to form the respective 
chlorides, bromides, and iodides, or their products of decomposition with water. When 
bubbles of phosphoretted hydrogen are introduced into a receiver of chlorine, they in- 
flame with a sharp explosion, producing hydrochloric acid and pentochloride of 
phosphorus. Many metallic chlorides also, when gently heated in phosphoretted 
hydrogen, produce hydrochloric acid gas— the volume of which is three times as ^st 
as that of the phosphoretted hydrogen — and a metallic phosphide ; or else hydroctnoric 
acid, free phosphorus and free metal. — 6. Sulphur heated in phosphoretted hydrogen 
forms sulphide of hydrogen and sulpliido of phosphorus. 

Phosphoretted hydrogen, though devoid of any alkaline reaction, is in other respects 
closely analogous to ammonia ; nonce it is called phoephamine. Thus it unites 
directly with hydriodic acid to form the hydriodato of phosphamine, PH’.HI, or 
iodide of phosphonium, PII'I, and a corresponding compound with hydrobromie 
acid. Moreover, like ammonia, pliosphamiue unites with the perchlorides of many 
metals, forming white saline bodies of similar constitution to the ammonio-chlorides. 

Hydriodate of JPhoaphamive may be obtained by the direct combination of the two 
gases, or by adding a little water to equal atomic proportions of iodine, ground up with 
poundfKl glass, and phosphorus cut up into small pieces. Vapours of hydriodate of 
phosphamine mixed with hydriodic acid arc immediately given the former condensing 
AS a crystalline deposit. A better mode of preparation is, however, that given by 
Ilofinanii, wliich consists in gently heating iodine in a current of dry phosphorettctl 
liydrogen gas ; 

4PH» + P « VP + 3TT'PI. 

Tlio salt crystallises in cubes, which fuse when moderately heated, and out of access of 
air, may bo sublimed without change. They are deliquescent and are decomposed by 
wjitor into hydriodic acid and phosphamine. 

Ifydrobrofuate of Phosphamine, PHMIBr or PIPBr, is also obtained by direct com- 
bination, or it may be prepared by introducing bromide of silicon, together witba littlo 
water, into a jar of phosphoretted hydrogen (Serullas). It crystallises in cu1h*h, 
Bometiraes transparent, sometimes opaque; boils at about 30°. Vapour-deniiity, obe. 

“ 1’906; calc. (2 vol.) -»3’98; hence this compound affords an example of anomalous 
va]x)ur-dcn si ty, probably arising from disassociation (i. 469 ; ii. 816). 

D^'riifatives of Phosphamine, — The three atoms of hydrogen, like those of ammonia, 
in phosphamine, may be replaced by metals or organic radicles, e.g. trirupric phos- 
phide, P®(Cu'')* ; tricuprous phosphide, P*(Cu*)* ; trkthylpkosphins, P(C’H*)*. The 
metallic phosphamines arc obtained by passing phosphoretted hydrogen gas over the 
In-ated metals or thoir oxides, or into solutions of the respective salts, or by treating 
the metals directly with phosphorus. (See Phosphiokh.) 

The organic derivatives of phosphamine constitute a more important class of com- 
rx'ainds, exactly analtjgous to the tertiary monamines (i, 176). Phosphorus-bases 
nn;il(ig<,us to the primary and secondary monamines have not yet been obtained. Tbo 
tertiary phosphines are obtained by decomposing the zinc-compounds of the alcohol- 
radicles with trichloride of phosphorus, e.g. : 

3Zn(C"H*)* + 2Pa‘ - SZnCl* + 2P(C*H“)*. 

Zinc-ethjrl. TricthtI* 

pbokphiiic. 

Tlicy aw volatile strongly baaic compounds, which unite readily with adds, forming 
cryKtalline salts, analogous to those of triethylamine, &c. Triethylphosphine Hike 
triethylamine) unites directly with iodide of ethyl, forming the iodide of tetrethylpnos- 
phoniiim, P(C*H')*I, from which, by the action of moist oxide of silver, the hydrate of 
tetrethylphosphonium, P(C*H*)^1I0, may be obtained. (Sec Phosphobus-basn.) 

VnospliidB ofBjdroireii. This compound, which communicatoi sponta- 
Bww inflammability to phorohoretted hydn^en gas, was disoorered by Pan I 
Thenard (Ann. Ch. Phys. [3j xiv. 6), and regards by him as PH*. By some 
•cheinistt^ however, it is suppeied to contain oxygen as well as hydrogen, and to 



862 IBOI?. 

The preceding anelyBee of stage from ftimaces in which the Clerd^d ores are worked, 
will iUiistnitd the (Hfference between them and the slags produced ini other districts. 

• The precise mode ih which the carburation of iron takes place in the blast fhmace 
Is not known, f^rom the lact that iron becomes carburated when heated in contact 
with hydrocarbon gases, or eyen with carbonic oxide, and since these conditions obtain 
in the blast fiamace, it is highly probable that carburation may take place before the 
reduced iron reaches that part wnere there is a temperature high enough for fusion. 

The state in which the carbon exists in the iron obtained from the blast furnace 
^pears to depend very materially upon the temperature at which fusion takes place. 
dSie lower the temperature, the greater is the proportion of the carbon combined with 
^0 iron, and any circumstance which tends to induce fusion at a low temperature is 
almost invariably attended with the production of white iron. This is the case when 
charcoal is used as fhel, when the ore is readily fusible, and also when it is highly 
refractory and has not a suitable admixture of flux to determine fhsion. When a 
furnace is worked with a large amount of ore in proportion to the fuel, or, as it is 
termed, with a “ heavy burden,’* and when sulphur is present to any large extent, there 
is from the same reason a tendency to the production of white iron. 

The production of grey iron containing carbon in the graphitic condition appears to 
require a temperature far beyond that of mere fusion, and it is probable, on that 
account, the introduction of carbon in this form may be due to action more of a physical 
than chemical nature, and consist in solution of the carbon by the melted metal rather 
than actual combination. When sulphur is present in any of the materials used in 
smelting iron, it is necessary to employ a very high temperature in order to obtain 
grey iron, because the melting point of iron is considerably lower when it contains 
sulphur. 

Besides the reduction of the ferruginous oxide in the ore and the separation of 
its earthy constituents by the formation of a suitable silicate, it is necessary to 
maintain a very high temperature at the lower part of tho furnace for the fusion of 
these products. This is effected by the rapid combustion of fuel under the influence 
of a blast of air forced in through tho tuyeres. 

The kind of fuel employed in smelting iron ores has a great influence both on tho 
quality of the iron produced and on the mode of working. With bulky porous fuel, 
such as charcoal, combustion takes place more readily than with the more compact and 
denser kinds of mineral fuel, and from the greater liability of charcoal to crumble under 
pressure, the furnaces in which it is used are generally much smaller than those work(‘d 
with co£d or coke. But the main difference between these two kinds of fuel, as regards the 
smelting of iron, consists in the relative freedom of charcoal from earthy substances, 
and its entire freedom from sulphur and phosphorus, which are so prejudicial to the 
quality of iron. Hence the greater purity of the iron smelted with charcoal, provided 
the ore used be free from deleterious admixtures. 

The consumption of fuel requisite in smelting iron for the production of a 
Sufficiently high temperature of fusion, far exceeds the amount requisite for the reduc- 
tion and carburation of tlie mt^tul, which, as already pointed out, is less than half the 
weight of the iron produced, whereas that consumed for melting may amount to from 
one to two or three tons per ton of pig iron made. 

The consumption of fuel in iron smelting is one of the most important points with 
re^rd to the economical production of the metal, and it is exce^ingly aesirable to 
reduce it to the lowest possible limit The amount of fuel consumed per ton of pig 
iron made varies considerably, not only according to the kind of fuel, its calorific power, 
combustibility, texture, etc., but also according to numerous other circumstances. 
Among these the shape of the furnace has an influence, i^ so far as it admits of the 
easy and uniform descent of the charge in the shaft, and lesijflttel is consumed in making 
white iron than in making grey or foundry iron ; but probaq^he most important differ- 
ence in the consumption of fuel is that resulting from the use of air at the ordinary 
atmospheric temperature, or air previously heated to a temperature considerably higher. 

In charcoal furnaces, the consumption per ton of pi^ iron made, is from half a ton to 
two tons and upwards, according as hot or cold blast is used. In smelting with coal or 
coke, the consumption is from two to three tons and upwards with cold blast, and from 
23 cwt. to tons with hot blast. 

The friel is introduced into the furnace at intervals alternately with the mixture of 
ore and flux, and in uniform proportions, termed the charge {Beschickung ; lit de 
fusion\ and the relative proportion of fuel or of ore is termed in either case the 
“ yield ; ’* sometimes also in the case of the ore it is termed the “ burden.’* _ 

The total weight of the charge per ton of pig iron made, will vary, according to the 
kind of ore, flux, and friel used, from four to five or seven tons and upwards, when the 
materials are used in the raw state ; but by far the greater quantity of the materi^ 
suppUed to a blast fhmace in smelting iron, consists of tho air by which combustion is 



vuppoited : for taking cartouc oxide to be the ultimate though not the immediate 
iME^uct of the eombufition, the quantity of air required would amount to at least five 
times the weight of the fuel burnt, taking the combuetible portion of the ftiel to ^ 
equal to 85 per cent of carbon, and allowing for the carbon consumed in earburating 
the iron. Consequently the total quantity of air supplied to blast traces will be as 
follows, according to the consumption of fuel given above : 



tons. cwt. 

tons. 

tom. 

Fuel consumed . 

23 

2 

3 

Quantity of air . 

6 16 

10 

16 . per ton of iron made. 

Cubic feet at 60°F. . 

168,038 

292,240 

488,360 


The greater part of this air is consumed in burning that portion of the fuel 
exclusively concerned in the production of a temperature high enough for efieoting 
fusion ; and that part which is consumed in the combustion of the ^el requisite for 
the reduction of the ore, does not amount to quite twice the weight of the iron made. 

The temperature of the gaseous products of combustion mschaigod from blast 
furnaces differs according to the kind of materials used and their condition, the height 
of the shaft, and the mode of working. In the case of charcoal furnaces, the gas has 
generally a temperature of from 300^^ to 400° C., while that from furnaces workw with 
coke or coal, is from 660° to 1000° C., according to circumstances. The whole of the 
heiit corresponding to the temperature of the gas discharged is waste heat, and 
although it has served, at an earlier stage of the process, to produce the high temperature 
necessary for fusion of the metal and slag, it is still available for any purpose to which 
it can be applied. ^ 

The great extent to which the heat generated in the smelting of iron ores is thus 
dissipated, without producing the full useful effect of which it is capable, may be 
judged of from the fact that the weight of the gas discharged from a blast furnace is 
more than equal to the entire quantity of both air and fuel consumed, or from 
8 to 1 7 tons per ton of pig iron made. 

But besides the waste of heat due to the high temperature of the gas dischaiged, there 
is a further and more considerable loss of heat, due to the fact that it contains a large 
amount of carbonic oxide, together with some hydrocarbons and hydrogen, and is in all 
ordinary cases sufficiently combustible at the temperature at which it is discharged, to 
take fire on coming in contact with atmospheric air at the top of the furnace. This 
waste is proportionate to the extent to which carbonic oxide is produced. Taking the 
average consumption of fuel in iron smelting to be represented by a quantity of carbon 
ecpial to twice the weight of the pig iron produced, if that portion only which is 
rt'quisite for the reduction of ferric oxide bo ultimately discharged from the furnace in 
state of carbonic acid, the quantity of fuel fully utilised in producing the entire 
heating effect of which it is capable, will be only about one-sixth part of tne whole. 

Quantity of heat generated 
by perfect combustion 
of carbon. 
pariY by weight 
2 : 0'33I4 

Heat units . 16160 : 2696 - 6*225 : 1 

Then, since the calorific power of carbon burnt to carbonic oxide is only about one* 
third of its calorific power when burnt to carbonic acid, or as 

2473 : 8080 - 1 : 3*228, 

the heating effect produced by the remaining five-sixths of the fuel consumed, so 
far as regards its ultimate condition when . discharged from the frirnace, will be less . 
than one-third the effect it is capable of producing : 

Quantity of heat 

capable of being Quantity of heat 
generated by com- generated by com- 

^iiUon of 1 -6786 car- bustinn of 1-6786 car- 
oon to carbonic acid, tion to carbonic oxide. 

heat nnitt* heat units. DlfibrelWi. 

13664 - 4161*1778 - 1*6786 x 2478 - M18 

Iho difference representing the heating effect capable of being produced bv theesrbonio 
oxide, and amonnting to no less than 68*26 per cent, of tiie whole faeuting effect 


Iho difference representing the heating effect capable of being produced bv theesrbonio 
oxide, and amonnting to no less than 68*26 per cent, of tiie whole besting effect 
capable of being product by the fuel consumed. 

-So far, therein, as regards the condition in which the products of combustion are 
<ljscharg^ from a blast furnace, the only portion of the ftiel cohsnm^ so as not to be 
forther available as a source of heat, is that ec^uivalent to the inaction of the iron in 
the ore, and, supposing the metal to bo contained in the or© in the state of feme 
oxide, it would be only about one-third the weight of the iron made, or 16 per cent 
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of the fhel conramed. The greater part of the heat corresponding to the remaining 
84 per cent, of fhel consumed, leaves the furnace in some form or other in the gas, im 
sensible heat, or as heat capable of being generated by combustion, and is still available 
for heating purposes. 

But, notwithstanding this large difference between the amount of fuel fhlly utilised 
and that which still remains available as a source of heat, after its combustion in the 
blast furnace, it must not be supposed that the large amount of fuel consumed in iron 
smelting, as compared with the amount which is fully utilised, does not, in the blast 
fhmace, exercise its full heating power. For though only a small portion of the whole 
heat generated is rendered latent by the fusion of the metal, &c., the whole of it is 
required for producing the temperature at which those changes take place ; that part 
which passes off in the gas does not indicate a useless consumption of fuel, and can only 
be regarded as waste heat, in so far as it is allowed to escape without being turned to 
such further advantage as it is still capable of. 

In the immediate neighbourhood of the tuyeres, the fuel is burnt, under the influ- 
ence of the blast, to carbonic acid, generating the full amount of heat corresponding 
to its calorific power, and producing there the greatest increase of temperature it is 
capable of producing when burnt with atmospheric air. (See Fuel, ii. 726.) 

It is at this part of the furnace that, while the fuel is being consumed, the reduced 
metal and the earthy substances mixed with it are rapidly melted, and, falling down 
into the hearth, make room for afresh quantity of the materials in the shaft of the furnace 
to sink down and undergo the same change, while the gaseous products ascend and 
communicate their heat to the materials in the higher part of the shaft. 

When the iron ore smelted contains carbonic acid or water, and has not been 
previously chlcined, those substances will be separated during the descent of the charge 
in the shaft, and will mix with the products of combustion. This will also be the case 
with the carbonic acid of the limestone used as a flux, and if coal be used as fuel, its 
volatilisable portion will likewise be expelled, and mix with the ascending gas. 

In proportion as the extent of this admixture is greater, the gas will have a lower 
heating power when burnt, and therefore it is desirable to reduce the amount of car- 
bonic acid and water-vapour in the blast furnace gas, by previous calcination of the 
ore and limestone, whenever the gas is to be used as fuel. 

As a consequence of the different physical conditions of the products resulting from 
the changes that take place in smelting iron ores, those products are continuously dis- 
charged from the blast furnace in a manner exactly the reverse of that in which the 
raw materials are supplied to it; the melted iron and slag flowing out at the bottom, 
while gas escapes from the top or throat of the furnace. 

In considering more minutely the conditions under which these products are formed, 
and the chemical nature of the changes from which they result, it will be convenient 
to follow the course of the air supplied to the furnace as it passes from the bottom to 
tile top. 

The direct and perfect combustion of the fuel is, in all cases, conflned within a com- 
paratively small portion of the furnace, and in furnaces worked with charcoal, it extends 
only to a short distance above the level of the tuyeres. Beyond that portion of the 
furnace, heat is communicated to the materials in the upper part of the furnace by the 
ascending heated gaseous products of combustion, consisting of a mixture of nitrogen 
and carbonic acid, the temperature of the gas being proportionally reduced thereby 
as it passes up to the mouth of the furnace. But since the materials in that pjirt of 
the rarnace^ immediately above the region of combustion are at a high red heat> the 
carbonic acid enters into combination with a further quantitj^ of carbon, and is con- 
verted perhaps entirely into carbonic oxide, its volume beiijg thereW doubled. This 
reaction being attended with a considerable absorption of {ftat (see I^ukl, ii. 727), the 
temperature of that part of the furnace where it takes plJ^ though still veir high, 
must be, on that account, much lower than it is within tho^^on of direct combustion 
near the tuyeres. 

The following analyses of gas, ^en from different heights in the shafts of blast 
fhmages, will serve in some degree to illustrate the nature of the changes resulting from 
the reifotion taking place between the solid and gaseous materials ‘Contained in the 
fumao^ and figs, 687 and 688 represent the shape of two of the furnaces from which 
the gases were taken. 

The formation of carbonic oxide is probably one of the most important features of 
this process ; for there is evenr reason to consider that the reduction of the iron ore, 
as it descends towards the boshes of the fhmace, is effected mainly, if not entirely, by 
this gas, aided perhaps in smne cases, by hydrocarbon vapour or gas produced from 
the roti jjjpT |he action of heat. Previously to this, no alteration of the relative pro- 
portion e&isting by wei^t or volume, between nitrogen and oxygen in atmospherie 
air, would tie effected either by the combustion of the fuel or by the subsequent 
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Fig. d87. 
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production of carbomc oxide. But by the reduction of the ore resulting from the reaction 
of carbonic oxide with ferrous or ferric oxides at a high temperature, carbonic acid is 

again produced, equal in volume to the 

carbonic oxide undergoing the change, and 

the effect of this transfer of oxygen from 
the solid to the gaseous contents of the 
furnace would be to produce a proportion- 
ate alteration of the ratios existing be- 
tween both the relative weights and vo- 
lumes of the nitrogen and oxygen. How- 
ever, the influence exercised by this change 
on the composition of the gas passing 
upwards through the furnace will be slight; 
for, since the consumption of fuel in smelt- 
ing iron ores so far exceeds the amount 
that would be chemically sufficient for 
the mere reduction of the ferric oxide, 
and since it is probable that the whole of 
the carbon consumed passes into the state 
of carbonic oxide at some part of the fur- 
nacomot far above the level of the tuyeres, 
it follows that the extent to which car- 
bonic acid is produced by the reaction be- 
tween ferric oxide and carbonic oxide, must 
bo small compared with the total amount 
of carbonic oxide produced in the opera- 
tion ; and, in fact, taking the consump- 
tion of fuel to be at tho rate of 2 pounds 
carbon to 1 pound of pig iron made, only 
one-sixth part of the carbonic oxide fonued 
at the lower part of tlie furnace, would 
be converted into carbonic acid by the 
reduction of the iron in the ore from the 
state of ferric oxide, taking place at tho 



Ain’eton, 

Derbyshire. 


up^r part of the furnace. 


dost probably the reduction of ferric 
oxide by carbonic oxide takes place pro- 
gressively, and since the temperature re- 
quisite does not exceed that of dull ignition, it may extend over a considerable range 
the descending column of materials, in proportion to the temperature provailiug 
the upper part of the furnace. 

From the relation existing between the calorific power of iron and that of carbonic 
oxide (see Hbat, p. 106), it is probable that the reduction of ferric oxide by carbonic 
oxide, generates a certain amount of heat, since the quantity of heat generated by the 
comllortion of iron is less than that generated by the combustion of the carbomc oxide 
requisite for its reduction from the state of ferric oxide. Thus : 


QUilflty of heat generated 
IqrVMibuation of 0*75 lb. 
carbonic oxide, 
heat units. 
1802*25 


Quantity nf heat generated by com- 
bustion uf 1 lb. iron to ferric oxide, 

h( at units. DiiTerence. 

1682 220 


" ^dess, therefor^ the thermal effect of the combust A-of carbonic oxide by the 
Coilftsilsea oxygen in forric oxide, be different from that qj^ts combustion by gaseous 
^6xy|^n, this change would be attended with an increase ^Ttemperature. But in any 
" case it does not appear that there is any other cause operative in reducing the tempera- 
ture at the upper part of the blast furnace, save the transfer of heat frx>m the ascending 
, to the colder materials supplied from time to time at the to^, as the charge 
descends, and — if hydrated or carbonated ores, or limestone, or fuel containing volatilisamo 
sabstaaee, be used— the absorption of heat accompanying the change of water into 
vawur and of earbonic aeid into gas. 

Qonsequeatly, the maintenance of a high temperature in the rq>per parts of the blast 
frirnaee muxt have the effect of preparing the materials constituting the charge, for 
passing rapidly through that stage of the process taking place near the level of the 
tuyeres, whh% as reg^trds the present system of working, consists probably in the mere 
of th||i|(al and slag, and the combustion of the remaining foel. Accordingly, 
a reduetiqd^K 4ihe (]|aantity of material in the charge would admit of a given 
tempeixi|i||p^^ at the upper part of the furnace with a lew consumpt^^ 
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^4; wad mm the time occapied in heating the materiak in the Airnace to such a 
temperatuije m mil determine their ftiaion, w directly proportionate to the quantity 
of materiak to ho heated, and inversely proportionate to the temperature of the 
asoendii^gae, other oonditions being equm, such a reduction would also admit of an 
increase in the rate of working or production of the blast furnace^ and thus effect a 
saving of both time and fuel. 

Tlien, since the consumption of fuel over and above that requisite for the reduction 
of the ore, and equivalent, as already shown, to about one-third the weight of iron 
produced, is incurred chiefly in order to effect the fusion of the charge; it follows that 
any mode of supplying the heat requisite for this purpose, otherwise than by the com- 
bustion of fuel in the furnace, would admit of a reduction in the amount of fuel supplied 
in the chaige, and, what is still more important, a proportionate reduction in the supply 
of air. As a consequence of that twofold reduction, a smaller quantity of heat would suffice 
to bring the charge to a given temperature in a shorter time. The greater the substi- 
tution of the extraneous source of heat for the combustion of fuel in the furnace, the 
nearer would be the approximation of the amount of fuel requisite in the charge 
tx) that minimum limit which is necessary for the reduction of the ore, and the greater 
would be the utilisation, in the blast furnace, of the full calorific and r^ucing power of 
the fuel. 

These considerations will servo to illustrate the principle of the economy, both in 
time and fuel, resulting from the use of hot blast in iron smelting. The apparently 
paradoxical result of a greater thermal effect being produced by a less consumption of 
fuel, has given rise to a vast deal of misconception in regard to this subject, and has 
even led to the entire denial of any advantage attending the use of hot blast. 

In smelting iron ores with mineral fuel, which almost always contains sulphur, a por- 
tion of this substance is retained by the slag, probably in the state of calcium-sulphide ; 
but the pig iron generally contains some sulphur, and it is desirable to reduce the 
amount to the smallest practicable limit. The means that aro considered to be capable 
of effecting this object are, increasing tlie proportion of lime in the slag, and the addi^ 
(ion of materials containing manganese, both of which appear to determine the separa* 


tion of a larger portion of sulphur iu the slag. 

Tlie amount of silicon in pig iron appears ako to be influenced by the proportion of 
lime in the charge. At the high temperature obtained in smelting with hot blast, silicn 
is reduced, in all probability, to a greater extent than is generally the case with cold 
blast, and the presence of an additional amount of lime may render that reduction more 
difficult ; but the observations that have been made on this subject are not sufficiently 
decisive to show that this is really the case. 

The pig iron obtained by sniclting phosphatic ores almost invariably contains the .. 
greater part of the phosphorus in the ore. Experiments made on this sulrjoct by 
Messrs. Price and Nicholson (Phil. Mag. Dec. 1865) show that this is not dne^:^ 
the influence of hot blast, as had been supposed; but that it is the natural result of 
easy reducibility of phosphoric acid. Their investigations also lead to the oonclusion 
that the separation of phosphoru.s in the slag is closely connected with the paitial Il|» 
duction of the ore, and the presence of a large amount of ferrous oxide iu the skg; and ^ 
that the production of iron’ free from phosphorus from phosphatic ores, such a# bog 
iron ore, involves a laige waste of iron in this way, whereas ly the perfect reduction of ^ 
the ore, the whole or greater part of the phosphorus passes into the iron.^ ^ 
means of preventing this result are known, and at the present time the cHminflifedt ot ^ 
phosphorus is probably one of the most important problems connected with tlie cho» 
mistry of iron smelting. ^ ^ * 

The investigation of this and similar subjects is, however, attended with ferf 
difficulty. The nature of the (^rations by which iron is produced do not MpPr 
admit of being conducted experimentally; while on the other hand itkto lT^lrailllt 
extent essential that any investigation of the processes involved in those openmns ^ 
should be conducted on a largo scale. Conlequently, though numerous attempts have 
been made, both by iron smelters and ohemists, to investigate the chemistry of thk 
art, and thou gh in many instances their labours have been well directed and to some 
fruitf^still the advance that has been made in knowledgs of the subject k Ur 
kss than what is needed ; and without in the least detracting from the merit of some , 
who have direotod their attention to the subject, it may be said that, considering the 
national importance of this manu&cturo, as well as the magnitude of tlm intorosta 
cpnoenied, toe chemical contributions made during the last thntv yeasa to its elucida* 
tion and imraovement have been in the highest degree meagre, oeMiltotq^ and unsatis* 
^‘«tory. B. H. E 

AJUMTS or. The alloys of Ircm are not for the moat ^|P^ miu^ im* 
P^^*^**^ The softi^ inatok, saver, sine, rin, antimony, &e. a 
^ sometiii^ ^ takingunp a few parts in • 

^ 
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tflloyi of Jton may be prepared by ftising different metals mth iron In ablest 
furnace, a small quantity of ferric oxide being added to decarbonise the imn. 

1. An alloy of iron and alumin ium, nearly in the proiiortion Al*Fe, is obtained by 
melting 10 pts. aluminium and 6 pts. ferrous chloride with 20 pts. of a mixture of 
the chlorides of potassium and sodium in equivalent proportions, and treating the re- 
sulting crystalline regulus with dilute hydrochloric acid. The alloy then remains in 
iron-coloured six^iided prisms; it is attacked by hydrochloric acid, and soda-ley 
extracts from it a small' quantity of aluminium (Michel, Ann. Ch.Pharm. cxv. 104). 
See also Aluminium (i. 156). The peculiar excellence of the Indian steel, known under 
the name of “wootz,” has been ascribed to the presence of aluminium in it ; but there 
is room for doubting whether this is the case (Faraday and Stodart, Quart Joum. 
of Science, 1819-20, ix. 320 ; Karst en, Eisenhuttenkundey i. 484). (SeeSxBBL.) 

2. With Antimony (i. 316). 

3. With Arsenic. Arsenical Irnn^ Arsenosiderite . — Two compounds of arsenic 
and iron, Fe^As® and PeAs®, known by these names, occur as natural minerals. They 
appear to bo isomorohous, forming trimetric crystals, in which ooP : ooP = 111° 30' 
(Grog), 122° (Or. Kose); cleavage rather distinct in one direction; also massive. 
Hardness = 6—6*6. Specific gravity, from 6*80 to 8*71 . Lustre metallic. Colour between 
silver-white and steel-grey. Streak greyish black. Fracture uneven. Brittle. Heated 
in a glass tube, they yield a sublimate of metallic arsenic ; on charcoal before the 
blowpipe, they give off arsenical fumes and leave magnetic globules. Nitric acid dis- 
solves them with separation of arsenious acid. 

► ‘ Arsenical iron always contains sulphur, generally between 1 and 2 per cent.; a 
K* specimen from Geier, in the Erzgebirge, contains 6 per cent. If this be reckoned as 
arsenical pyrites (mispickel), Fe^As^S*, the remainder is found to contain, in the lighter 
varieties (specific gravity 6 24 — 7*00), from 67*4 to 68*4 per cent, arsenic, and 32*6 to 
81 ‘6 iron, iigreeing nearly with the formula Fe*As*, which requires 66*8 As and 33*2 Fe ; 
„aud in the heavier varieties (specific gravity 6*80 to 8*71), from 71*36 to 73*49 arsenic, 
27*88 to 26*51 iron, agreeing nearly with the formula FeAs*, which requires 
* 27*16 Fe. (Bammelsherg's Miner alchemie^ p. 19.) 

.S^Jlenical iron occurs, associated with copper-nickel, at Schladming in Styria; with 
. ' .^^M^ntine at Heichenstein in Silesia, and at Loling, near Hiittenberg, in Carinthia, in a 
spathic iron ore^ ajssociated with bismuth and scorodite ; at Geier in the Erzgebirge ; 
i^irBedford County, Pennsylvania, and in Kandolph County, North Carolina, where a 
.. ip^was found, weighing nearly two pounds. (Dana, ii. 61.) 

' by melting 64 pts. iron with 108 pts. arsenic in a closed vessel, obtained an 

. ’ Jtesenid® of iron, having nearly the composition Fe^As*; it was white, brittle, and very 
pulverised. Arsenical cast iron (see ante^ p. 336). 

^ 4, With Bismuth. — An alloy prepared by melting together 3 pts. bismuth and 1 

is still magnetic. 

With Copper. (See ii. 42.) 

Golo. — 1 pt. iron forms with J pt. gold a silver- white alloy ; with 1 pt 

eaZ — The two metals unite with difficulty when fiised together, forming 
^ . wit arranged one above the other, the lower containing but very little iron, and 

tte uppaiP buta very small quantity of lead (Morveau). By reducing a slag con- 
tainipg lead and.iron in a crucible lined with charcoal, Biewend (J. pr. Chem. xxiii. 
262) obtained a well-fused alloy, which was hard, almost perfectly brittle, lustrous, and 
magnetic ; it had a light steel-grey colour, a fine-grained laminar fracture, and con- 
tainad 96*76 per cent of iron and 8*24 of lead. ^ ^ 

Ife TOth Manganese. — Cast iron, alloyed with mangaj^e, becomes white and m<fe 
; when the proportion of manganese amounts to cent the iron ceas^ to 

magnetic properties. (Mushet), ^ 

With Mercury. — An amdgam of iron with mercuryfe described by Joule. (Brit 
*; Eeports, 1860, p. 66.) See Meecubt. , 

V 10, With, Molybdenum.— Molybdide of iron is bluish-grey, hard^ brittle^ fine- 
joined) and magnetic; frisible before the blowpipe when formed equal pai^tra^e 
metals, but not so ^eh formed of 2 pts. molybdenum and 1 pt. iron. 

< |£any samples ctf the so-^dled ** bears (jElisen-aatfenXirbich are metallic 
In the h^rthi j^ b^^ fhmOces in which copper is smdit^ as at Mansfield {{I,. 

'Wise conidst 06^^ chiefly with mo]^d)d^0um ; ||, Bear from at 

Eisleben, obtsiiiidiM fhsion cff , bitumwmywL^ in smelting nuj 

Fine-grained. /IJlwfie-grmned (Heine, 176). — 6. ''fbmgK 

vleburg meteoriell^ containing slag mixed W||||^bron^ coppevemder 

thebearfromu c^^pir furnace, a is th«t of 

grained sample, by Stromeyer (Pogg - 'jE" tf " 

WeSrle Phys. v.W.iii. lfi8>-« W 
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fotke Suite in the Uea% examined by Wittgens (1 

underground at Lancbatadt (Steinberg, J. pr. Ch 


g. xxviii. 665), 
. xviii. 379.) ' 


d. Bear found 


Iron 

Molybdenum 
Manganese 
Cobdt . 
Nickel . 
Copper . 
Silrer . 
Calcium . 
Silicon . 
Carbon . 
Arsenic . 
Phosphorus 
Sulphur . 


a, o. 

o,i8. 

6, a. 

b,$. 

6, 7. 

e. 

<2. 

67*91 

73*26 

74*60 

76*77 

7311 

81*14 

60 to 80 

28*49 

9*13 

10*19 

9-97 

6*28 

1*08 

10 to 80 


, . 

0*01 

0*02 

0*12 

0*14 


0*67 

0*77 

3*07 

3*26 

416 

1*40 

trace 

3*42 

4*63 

1*28 

116 

0*84 

trace 

1 to6 

2*46 

1*79 

4-32 

3*40 

6*34 

7*69 

2to4 




, , 

trace 






, , 

, 

0*29 

trace 



0*39 

0*35 

1*83 

1*94 


0*87 

1*42 

0*48 

0*38 

1*20 

0*69 

trace 


2*47 

1*40 

2*70 

1*82 


3*62 

606 

2*27 

1*25 

1*38 

0*81 

2to6 

0*60 

009 

0*92 

2*06 

2*94 

0*62 

trace 

OW 

9714 

100*00 

100*00 

98*90 

98"^ 



11. With Nickel. — Iron and nickel melt together with facility, forming alloys, some 
of which do not rust so easily as iron itself. An alloy of 1 pt, iron with 0*03 nickel is 

‘ ' ’ 1- ^ j 


t grey, 


rather hard, perfectly extensible, and magnetic alloy. 

Meteoric iron consists chiefly of an alloy of iron and nickel. (See p. 336; also 

MbTBO RITES.) 

1 2. With Palladium, iron forms a brittle alloy. (Faraday and S t o d a r t, Phil. 

Trans. 1822, p. 264.) , ^ 

13. With Platinum. — Equal weights of platinum and iron heated before the ox^^_ 
hydrogen blowpipe unite, with vivid omission of sparks, and form a shining, very 

and malleable alloy, which is scarcely touched by the file. In equal volumes, the ' 
metals yield a brittle button (Clarke). Combination does not take place in thehfil'^,,. 
of an ordinary fire (Lewis, Gehlen). An alloy of 99 pts. iron and 1 pt. platimOn 
not attacked by ordinary nitric acid. (Schdnbein, Pogg. Ann. xlii. 17.) 

When equal weights of iron and platinum are dissolv^ in nitromuriatic acid, m 
excess of acid expmled by evaporation, the solution precipiteted by ammonia, an^ tlw 
washed precipitate reduced in a stream of hydrogen at a low red heat, an alloy of iroA* 
and platinum is obtained, which immediately takes fire on exposure to the air. If this / 
alloy, without beins: allowed to come in contact with the air, so that no combustion. 




m.:. 


may take place, be thrown into hydrochloric acid — which dissolves part of the 
* ’ ■ ‘ * ' — and the residue washed with water, there remains% 


with evolution of hydrogen — 

black heavy powder, containing 80’1 per cent, platinum to 19’9 iron (which may 
dissolved out by boiling nitric acid) together with a trace of moisture, but no bydiK^ 
This residue takes fire in the air considerably below a rod heat, and burns 
emission of sparks. Sometimes the combustion begins at the hottest part aUdspre^a 
through the mass with a red light, as in the burning of tinder ; after the combustiOT, 
the powder is found to have gained 1 per cent, in weight. (Boussingault, Ann. Ch. 
Phys. [2] liii. 441.) 

Cariide of Platinum and Iron. — o. 9 pts. platinum and 2 pts. steel form a pei^ct 
alloy, which does not tarnish on exposure to the air; specific gravity 16*88, $. The 






alloy of 1 pt. platinum to 1 pt. steeftokes a high polish, does not tarnish, exhib^ a 
’ ■ ’ ‘ on the surface, and has a density of 9*862. y. 1 pt pjj- 




highly crystalline structure on U.. t - '*ii 

tinum and 8 pts. steel form a finely damasked alloy. 8. 1 platinum to 10 steel: specifle 
gravity 8*1. t. 1 pt. platinum to 67 pts. steel: the best adapted for cuttinginstSH- 
ments, f. 1 pt. platinum to 100 pts. steel : of uniform surface, and beautiful fracture; 
not jKfchaiid a^ilv^- steel, but much tourer, and therefore specially adapt^ to many 
% 1 pt. platinum to 200 steel ; damasked alloy, vi»y well ad^ted for wara 
(B#6a|i%).' Steel alloyed with a small quantity of platinum dissolve in dilute sulnhurtc 
mitth more quickly than iwre steel This increase of ^lubili|y is p^u<^ 
by ^ planum, and is strongest with a quantity between A w 

, &o solubiUty is perceptibly less ; steel aUoyed with op«-h«ir|Ktinum d^ 
tmofS quickly than wwo stoel ; .and a compound of * ^ 

^ ^ snlphuric acid, f hese aUoys ^bit the same re- 

^ ^i l pt of platinum (or of any other metal 
ttlphuric acid, and the undissolved poxtion. 
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containing platinum, iron, carbon, and hydrogen, is boiled with nitric acid, a black 
residue is left. This latter substance, when heated to 200®, detonates slijghtly, pro- 
ducing a faint light, but if gradually heated, d^mposes with detonation ; it dissoWes 
in nitromuriatic acid, yielding a solution containing a larger portion of platinum, with 
but little iron. (Faraday and S to dart. Phil. Trans. 1822, p. 257i and Quart. 
Jouru. of Science, p. 329.) 

Cktst iron and platinum form a dark, malleable, very hard alloy. 

14. With Potassium. — An alloy having nearly the composition Fe^K*, is obtained 
by igniting 12 pts. iron filings with 8 pts. pulverised tartar; it has the aspwt of bar- 
iron, is very hard; can be forged and welded, but oxidises very rapidly in air and 
water. (Gay-Lus sac andThonard, Becherches Phy8ico-chimiqueSj\.2Z%\ Calvert, 
Phil. Mag. Oct. 1855.) 

15. With Eh odium. — 1 pt. rhodium and 1 pt. steel form an alloy having a 
specific gravity of 9*176, and a very fine colour and surface for metallic mirrors; it 
does not tarnish in the air. An alloy of 1 pt. rhodium and 50 to 100 steel is very 
hard, tolerably tough, requires for tempering a temperature higher by 39® than 
common steel, and by 17° than Indian steel. (Faraday and Stodart, loc, cit. 
p. 329.) 

16. With Silver. — Iron is said to take up a small quantity of silver when melted 


with it, 

17. With Tin. — When iron and tin are heated to redness together, there is formed: 
ii. An alloy of 22 pts. tin and 1 iron, somewhat harder than tin, and magnetic; 
and below it h, A compound of 2 pts. iron. and 1 pt. tin (nearly FeSn), which is 
white, very hard, slightly malleable, and difficult of fusion : this constitutes tinned 
Iron-plate. — In cast-iron retorts in which the tin-amalgam used for silvering mirrors 
is continually distilled, for the purpose of regaining the mercury, an alloy of tin and 
iron is formed, amounting to between 1 and 2 per cent, of the tin obtained : when 
the tin is poured out of the retorts, this alloy partly floats upon it in scales, and is 

Jj^tly deposited at the bottom in the form of a doughy mass. It may be freed from 
pure tin which adheres to it, either by boiling with hydrochloric acid, which 
dissolves the latter, or by treating it with nitric acid, by which the free tin is 
oxidised while the alloy is not attacked. When thus purified, it has the form of 
shining square needles, of specific gravity 8*733, brittle, and fusing at an incipient 
White heat. The powder of this compound, when thrown into the flame of a candle, 
burns with emission of sparks and a white smoke. It does not rust in the air, when 
moistened with water. It is not attacked by nitric acid at any temperature or any 
of concentration ; it dissolves slowly in boiling hydrochloric acid; but rapidly 
iSi TOmpletely, and with violent action, in nitromuriatic acid. (Lassaigne, 
mid. vi. 609.) 

Deville and Caron (Compt. rend. xlvi. 920) obtained the alloy FeSn, in broad 
shining laminae, which were but slightly attacked by hydrochloric acid. 

An alloy containing FeSn remains in the preparation of stannous chloride from 
'>J|anca tin (see Tin), in slender (probably quadratic) needles of specific gravity 7*44, 
rouble only at a white heat ; it solidifies in the metalline form on cooling, and is 
then magnetic. The crystals are nearly insoluble in hydrochloric and nitric acid, 
but dissolve easily in nitromuriatic acid; they burn in the flame of a candle. 
(No liner, Ann. Ch. Pharm. cxv. 233.) 

It has been proposed to harden malleable iron rails by introducing a portion of tin 
into the metal, but it has been found to render the iron extremely brittle and 
short,” and also incapable of being welded. (Karst oi^ £isenhuttenkundey i. 508, 
and Percy, Metallurgy, ii. 161.) f 

18. With Titanium. — ^Pig-iron often contains titanim (p. 336), which appears to 
be derived chiefly from the clay of the ore, or from other®|ceou8 compounds added as 

" fluxes. In three samples of grey pig from the iron ore of Westbury in Wiltshire, 
Kiley found 1*16, 0*71 and 0*47 per cent titanium. The titanium is either mmutely 
^sseminated throimh the iron or else alloyed vrith it. The presence of titanium in 
the ore or in the flux appears to improve the quality of the iron, and render it of 
excellent quality both for castings ana for inversion by the Bessemer process ; but 
iMSCordinff to Eiley's observations, the titanium does not appear to remain with the 
iron, nt least, only in veiy minute quantity, when it is converts into bar iron or sted. 
Hu^et has patwted the use of titanium in the manufacture of iron and steel, and 
the alloying of titanium with iron and steel; hut samples of his steel, in the manuiko- 
ture of wh^ titaniferous ores were used, did not yield any appreciable evideOiBC w 
dtanium. (Riley, Chem. Soc. J. xvi 887; see ante, p. ^ ^ 

19. With Tungsten. — Iron and tang|ten maybe united^ frinon. It Is jj tated 
that steel of veiy Superior quality may hi ihade by siinpl^ nimiig oast steelt 

iron, either witil metallic tungsten or;|^^the so-caued 
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strongly beating a mixtore of TOwdered wolfram and fine carbonaoeons In a 

crucible lined with charcoal. (Bernouilli, Pogg. Ann. 1860, xxi. 673.) 

20. With Zinc.— Iron takes np zinc when heated with it A brittle (Hable alloy 
is readily formed by melting sine in vessels of wrought or oast iron, or by dropping 
iron into melted sdne; sometimes OTstalline compounds of ferruginous mne are 
deposited. (Percy, Metallurgy, ii. 163.) 

By immersing malleable iron or cast iron, perfectly free from oxide on the surface, 
in melted sine, the iron becomes covered with a coating of zinc, probably in conse- 
quence of the two metals being alloyed superficially. Iron thus coated with zinc is 
less liable to undergo oxidation when exposed to me atmosphere, and is largely 
employed under the name of galvanised iron. 

TSLOTTf BROMCXBBS OF. lion unites with bromine in two proportions, form- 
ing the dibromide or ferrous bromide, FeBr*, and the tribromide or ferric bi^mide, 
Fo'Br*. 

Ferrous bromide is a yellowish substance obtained by passing bromine- 
vapour over gently ignited iron wire. It is soluble in water, and may be obtained 
ill solution by dissolving iron in hydrobromic acid, or in a mixture of bromine 
and water. The solution yields by evaporation rhombic tabular crystals, contain- 
ing FoBr*.6H*0. Wlien exposed to the air it turns brown, and deposits ferric 
oxyhromide. 

Ferric bromide, Fe*Br*, is produced by heating ferrous bromide with bromine,' 
or by evaporating to dryness a solution of iron in excess of bromine-water. It is a 
l»rown-red mass which deliquesces in the air. It may bo obtained in solution by 
dissolving ferric oxide in hydrobromic acid, or by mixing the aqueous solution of the 
ft-rrous bromide with bromine. 

ZBOir, CABBZBB8 OB CABBITBBTS OF. See Cast Iron (p. 329) and 
Sri-uiL. By heating alkaline ferrocyanides to redness, a compound of carbon and iron is 
obtained, consisting of FeC*. ^ 

Three other definite compounds of iron and carbon have been supposed to exist, vIZi 
FeC, FeC*, and Fe^C, according to Karsten and Berthier (Ann. des Mines [3] iii. 229). 
More recently Gurlt (CLem. Gaz. xir. 230) has endeavoured to show that there is 
another carbide, represented by the formula Fe*C. The nearest approach to a definite 
compound of carbon and iron is specular iron, which may perhaps consist essentially 
of a totracarburet ; but the evidence of the existence of these compounds is exosodingly 
imperfect. 

ZBOaor, CABBOBTATS OF. See Carbonates, i. 784. ^ 

ZBOir, CABBUBBTTBB, ABABYBIS OF. It has already been mentioned 
that cast iron contains, besides carbon, which is an essential constituent of it, a con- 
siderable number of other elements, both metallic and non-metallic, that many of these 
elements are not completely removed in the processes to which the iron is subjected to 
convert it into bar iron and steel, and that all of them have more or loss influence on tbz 
quality of the iron. It becomes, therefore, an important problem to detect the^ 
several elements in iron, and, as far as possible, to estimate their amount 

The iron used for the analysis must be finely divided, as in the form of filings, 
turnings, or borings ; very hard iron, such as specular iron, or hard st4*el, may be com- 
minute in a steel mortar, and siftei The iron must of course bo free from oust, rust, 
oil, and other foreign substances. 

1. EstiTnation of the entire amount of Carbon. — To estimate the whole of the 
carbon in iron, both free and combined, the iron must be dissolved, without evolution 
of hydrogen, because that gas would carry some of the carbon with it ; or the car* 
buretted iron must be completely oxidis^, and the carbon estimated as carbonic 
acid. 

When earburetted iron is broimht in contact with chloride of silver, eupHe efdoride, 
or ferric chloride, these compound are reduced to metallic silver, enprons chloride, and 
ferroM chloride respectively, while the metallic iron is also converted into ferrous 
chloride, which dissolves, and the whole of the carbon remains behind, together with 
rili<»n and various metals. The action of chloride of silver is very zkrw ; -the most con*, 
yenient reagent for this purpose is euprio chloride. A quantity of ue iron (6 to 10 grms.) 
w covered with a moderately concentrated aqueous solution of cupric chloride, free from 
exceee of add, whereupon metallic copper is precipitated, and ferrous dhloride is formed. 

As soon u tr^uration with a glass rod shows that the deposit is fr« from hard par- 
ticles of iron, the solution is decanted and the residue is (inched with a ooncentrated 
edution of eu^Mrio chJm^e acidulated witli^ hydrochloric acid, in otd^^ to convert the 
jjwnoed copper ^tpons chloride, and dissolve it. The solution is then filtered 
» gm tuhi|lrawn out at the lower to a narrow neck, and^iliigged with 
^diestos (or ^Iftinum-lponge), so as to retain all undissolved particlea. Impure carbon 
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is thus obtained, the weight of which may be determined by wei^hintr fL 
at 124^-130^ C,, both before and after the experiment age tube dnoj 


ferric chloride may also be need instead of cupric chloride, the free acid c 
^\ti l\ie aoktioii being previously neutralised with carbonate of sodium or 


calcium. The basic ferric salt deposited in the reaction may be removed by dihf 

bydrocbloric acid or solution of ferric chloride. ^ ^ 

The iron may also be dissolved, without loss of carbon, by nitric acid, provided it he 
first drenched with water, and then nitric acid free from chlorine or nitrous acid added. 
As soon as the solution has attained asufRcient degree of conoentration, it is poured off 
the residue is drenched with fresh quantities of water and aqueous acid, and the turbid 
yellowish solution, which contains nitrate of ammonia and nitrate of iron, is left to 
clarify, and finally filtered as above. 

Another method is to heat the finely divided iron in a stream of diy chlorine gas^ pre- 
viously freed from air by passing through a red-hot tube containing finely divided charcoal. 

Bromine or iodine may also be used instead of chlorine, and in the wet way, 
Morfitt and Booth (Chem. Gaz. 1853, p. 358) drench the iron (not very finely 
divided) with a small quantity of water, add iodine (5 grms. to 1 grm. iron), and leave 
it for five or six hours, till the action is finished ; then pour off the liquid, add more 
water and iodine, if any iron still remains, and filter. Care must be taken not to add 
too much water, and not to allow the action to go on too long, otherwise a portion of 
1 he carbon will be lost. The charcoal which remains after the solution of iodide of 
iron has been filtered off, is washed with hot water, then with hydrochloric acid, and 
again with water, and the residue is weighed. 

The carbon obtained by either of these methods is not pure, but is mixed with a 
small quantity of iron, and a larger quantity of silicic anhydride and oxide of silicon. 
The amount of pure carbon may be determined, either by the loss which the residue 
sustains when ignited in contact with the air, or by burning the carbon as in organic 
analysis, with oxide of copper, or better with chromate of lea(^ or with a mixture of that 
^alt and chlorate of potassium, or in a stream of oxygen, and weighing the carbon as 
carbonic anhydride by absorption in caustic potash. 

Deville (Compt rend. li. 938) separates the pure carbon at once by igniting the 
finely di^ded iron in a current of dry hydrochloric acid gas, quite free from atmo- 
spheric air. The iron and all the foreign constituents, except the carbon, are then 
converted into volatile chlorides, and pure carbon remains behind. 

2. EatimeUion of ike Graphite or mechanically mixed carbon . — This is the portion 
which remains behind mixed with silica, and sometimes also with humus-like carbon- 
compounds, when the iron is dissolved by ^lute acids. To estimate it, the iron is dissolved 
out by dilute hydrochloric acid of specific gravity 1*1 ; the washed residue is digested 
in potash-ley of specific gravity 1*1, to remove silica and humus-compounds, then with 
water, then with hot hydrochloric acid, and lastly, with hot water, after which it is 
dried, weighed and ignited in contact with the air, the loss of weight which it then 
sustains l^ing reckoned as graphite (Morfitt and Booth). Buchner (J. pr.Chcm. 
]|mi 864) washes the residue with boiling water, potash-ley, alcohol, and finally with 
eBier; then dries, weighs, and ignites as above. Gurlt(Polyt. Centralblatt, 1856, 
p. 378) treats the finely divided iron with recently precipitated chloride of silver and 
fiolution of sal-ammoniac, digests the residue with cyanide of potassium to remove 
chloride of silver, with potash to remove silica and combined carbon, then with nitric 
acid to remove metallic silver : the residue consists of graphite, which is to be treated 
as above. 

3. BlsHmation of the combined Carbon . — The carbon actually in combination with 

the iron is for the most part converted, during the solu^n of the metal, into volatile 
hydrocarbons, which escape with the hydrogen, and to it a well-known offen- 

sive odour ; part of this carbon, however, always remaifiSin the liquid form attached 
to the graphite. When carburetted iron is digested- With chloride of silver, ferric 
chloride, or cupric chloride, as already described, the whole of the carbon remains 
behind, and on treating the residue with potash-ley, that which was originally com- 
bined with the iron dissolves, and may be separated, together with silica, by super- 
saturation with hydrochloric acid, evaporation to dryness, and washing. The amount 
of carbon in the residue thus obtained may then be determined, either by the loss of 
weight sustained on ignition, or by combustion with chromate of lead. The combined 


carbon is, however, more generally estimated by difference. 


4. EsHmation of Silicon . — The amount of this element may be determined by 
igniting the residue obtained in the preceding operation ; the carbon then burns 
nway, and silica remains behind ; as, however, a small portion of the carbon is apt to 
escape combustion, and the residue likewise contains a certain portion of ring, the pure 
silica must be dissolved out by potash-ley of specific gravity 1*1 (which will notaiitdc 
the slag), and then precipitated by snpersaturation with hydrocliioric acid. 
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Caron ignitee • tJlie pulTerisad iron in a mixture of hydrochloric acid and alr» 
whereby the carbon ia converted into carbonic anhydride, and the iron into volatUe 
chloride, while silica remains, sometimes mixed with the oxides of titanium, aluminium, 
calcium, &c. 

The silicon in iron also remains as silica in the residue left on burning the iron in 
a stream of oxy^n, and may be separated by moistening this residue with concentrated 
hydrochloric aad, evaporating to dryness, then digesting in dilute hydrocUoric acid 
and filtering. 

6. EnUmatwn of Nitrogen, — The nitrogen may be detected in cast iron, according 
to Marohand, by igniting the finely divided iron with potassium, perfectly cleansea 
from oil and well dried, in an atmosphere of hydrogen quite free from air. The 
resulting mass, dissolved in water, yields, on addition of a ferroscnferric salt and super- 
saturation with hydrochloric acid, a precipitate of ^russian blue. According to Fr^my, 
the nitrogen of iron may be converted into ammonia by ignition in pure hydrogen. 

The nitrogen may be estimt^ by ipiting the pulverised iron with six times its 
weight of a mixture of caustic lime and baryta, receiving the ammonia thus evolved in 
hydrochloric acid, and converting it into platinum-salt. Another method is to dissolve 
the iron in acid, whereupon ammonia remains in solution ; boil the liquid with excess 
of slaked lime, and receive the vapours in hydrochloric acid. A portion of the nitrogen 
may, however, remain in the carbonaceous residue, and may bo determined by igniting 
that residue with soda-lime in the ordinary way. 

6. Eitimation of Sulphur . — The sulphur in pig iron may be converted into sul- 
phuric acid by oxidation with nitric acid, but the quantity is generally too small to be 
estimated in this way. A better method is to convert it Soto sulphydrio acid, by 
dissolving the iron in dilute hydrochloric acid (which, of course, must not contain 
sulphurous acid, dr free chlorine), and pass the evolved gas through a Liebig’s bulb- 
apparatus containing an ammoniacal solution of nitrate of silver, or through a series 
of small fiasks containing chloride of copper, or acetate of lead (the latter mixed with 
acetic acid), and weigh the precipitated sulphide: 100 pts. sulphide of silver ■■ 12*91 
Fulpliur; 100 pts. sulphide of copper =« 13 46 sulphur. As, however, the precipitated 
sulphide may also contain phosphide or arsenide, it is better to oxidise the sulphide 
with nitric acid, and precipitate the resulting solution with chloride of barium. 

Another mode of estimation is to fuse the pulverised iron with nitre and carbonate 
of sodium, dissolve the mass in dilute hydrochloric acid (silica then remaining undis- 
solved), and precipitate the sulphuric acid as a barium-salt. If the fusion is couduct^l 
over a gas-flame, care must be taken that the mass does not pass over the edge of the 
vessel, because in that case the sulphurous acid in the flame, coming in contact with 
the fused alkali, will be oxidised, and form an alkaline sulphate, which will greatly 
increase the apparent amount of sulphur in the iron. If the fusion is made over a 
spirit-lamp, this source of error does not arise. (D. S. Price, Chem. Soc. J. xvi. 61.) 

In several of the analyses already given (pp. 332, 333), the estimation of sulphur 
is probably too high. The results that are questionable are marked *. 

7. Estimation of Phosphorus .*— iron (6 to 10 grms.) is dissolved in nitric or 
nitromuriatic acid ; the solution evaporated to dryness ; the dry residue fiwed wflfc 
three or four times its weight of alkaline carbonate ; the fused mass disintegrated by 
water ; the filtrate supersaturated with hydrochloric acid and evaporated to dryness 
to separate silica; the residue digested iu water; and from the filtrate the phosphoric 
acid is precipitated as ammonio-magnesian phosphate. The acid filtrate may also be 
previously used for the estimation of sulphuric acid, the excess of baryta added being 
then removed, previously to precipitating the phosphoric acid in the way just men- 
tioned. If the solution also contains alumina, tartaric acid must first be added, to 
hold that base in solution. 

The nitric acid solution of the iron may also be precipitated ix the cold with car- 
bonate of sodium ; the whole of the phosphorus is then thrown down as ferric phosphate, 
which, after wasMng, may be fused witn alkaline carbonate and treated as above, or 
“^®I^8ed by sulj^ide pf ammonium. 

The iron filings may also be fused at once with a mixture of alkaline carbonate and 
nitrate; the fused mAim treated as above described for the estimation of sulphuric 
acid ; and the solution, after being freed from silic^ may be used either immediately 
or after separation of the sulphuric acid, for the estimation of phosphoric acid. 

Eggerts (J. pr. Chem. Ixxix. 496), evaporates to dryness the solution of 1 grm. 
m 16 grins, nitric acid of specific gravity 1*2, moistens the mass with bydro- 
c^ric aci<5 and dissolves it in such a quantity of water, that the filtrate measures 
JO c. c., then adds 12*6 c. c. of a solution of molybdic acid (prepared by dissolving 
1 pt. molybdic add in 4 pts, ammonia, pouring the quickly filtered liquid into 16 pts. 
niTO add, and leaving it to settle). On leaving the mixture to itself for a few hours at 
a precipitate fomis, which must be collected on a weighed filter, washed with 
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water containing 1 per cent, of nitric acid, and dried at 96°. 100 pts. of the dwA/i 
pj:^cij)!tate coirespond to 1 pt. phosphorus, ^ 

8. Estimation of Arsenic,— "When arseniferous iron is dissolved in dilate hvdm. 
chlonc or Bulphuric wid, the arsenic is not given off as arsenetted hydroiren. but 
converted into arsenic acid (H. Eose), which remains dissolved if the solution has 
been made in the cold, but is precipitated from warm solutions not containing too 
great an excess of acid, as basic ferric arsenate, and is therefore often found in 
carbonaceous residue. “ 

When the iron is dissolved in nitric or nitromuriatic acid, the arsenic is converted 
into arsenic ^id, and may be precipitated as basic ferric arsenate (together with nho? 
phate) by boiling the solution with acetate of sodium, after the greater part of thi 
feme oxide has been reduced to ferrous oxide by heating it with sulphite of sodium 
The precipitate is then decomposed by sulphide of ammonium, and the filtrate acidu 
lated, and treated with sulphydric acid, yields a precipitate of sulphide of arsenic" 
Or the iron may be dissolved in hydrochloric acid, with addition of a little nitric acid 
to dissolve all the arsenic ; the filtrate heated with sulphite of sodW to reducraH 
the feme to ferrous chlonde ; and the solution, freed from excess of sidphurous acid 
may be treated wnth sulphydric acid, with the usual precautions; the arsenic is then 
precipitated as tnsulphide (together with the sulphides of copper and lead, if present) 
As a portion of the arsenic sometimes remains in the carbonaceous residue this 
residue must be examined, either by treating it with sulphide of ammonium and pro- 
cipitating the arsenic from the filtrate by sulphydric acid, or by fusing it with nitrate 
and carbonate of sodium, and precipitating the arsenic as ammonio-magnesian arsenate 
.... P j fused with nitrate and carbonate of sodium the 

sUicic and sulphimc acids separated as above, and the arsenic then precipitated by sul- 
phydne acid, or if no phosphorus is present, by ammonia and sulphate of magnesium 

9. Esttmahqn of Manganese, Cobalt, Nickel, and 2ewc.~These metals may ali 
be separated from iron, by precipitating the latter from a neutral solution in which aU 
the iron existe as ferric salt, with benzoate or succinate of ammonium, or from acid 
solution, with carbonate of barium. 

10. ^Esti^tum of Copfer and The precipitate, thrown down as above 

dumbed by sulphydric acid from the reduced iron solution, sometimes contains traces 
of these two metals. The arsenic may be extracted from it by monosulphide of potas- 
sium : and the residue, oudised with nitric acid and treated with sulphuric acid, vields 
insoluble sulphate of lead and a soluble copper salt. 

11. EstinMtion of Alnminium.—Soi the method of separating this metal from 
iron, see i. 166. 

12. EHtimation of Magnesium, Calcium, and the Alkali-metals. — Thesa 

metals remain m solution after the iron has been precipitated as ■ ferric oxide by ben- 
soate or succinate of ammonium, or by carbonate of barium, and maybe separated and 
estimated by the usual methods. ■' 

18. .a«OTO«o» of Chromium, Vanadium, Titanium, Molybdenum, and 
r«nys<««.— There metels occur especiaUy in the black residue which remains when 
pwTOn IS dissolved in dilute acids, and may be sought for either in this or directly in 
the iron. 

^ To detect and sepa^te chromium and vanadium, a large quantity of the pulve- 
rised iron is fesed with 12 pts. nitrate and 1 pt carbonate of sodium; the fused mass 
(which likewise contains silicic, phosphoric, and arsenic acids) is mixed with such a 
quantity of nitric acid that it still retains a slight alkaline reaction, but does not give 
off any nitrous wid (which would reduce the chromic and vanadic acids) ; the solution 
IS mix^ with chloride of barium ; the washed precipitaie "is treated with sulphuric 
acid ; the solution is saturated with ammonia and evapor^ ; and a lump of sal-mnino- 
mw IS thrown m, whereby vanadate of ammonium pihrown down as a yellow or 
white ci^stalline powder, while the chromate remains fc’^olution. The vanadate of 
amnmnmm, h^ted in contact with the air, yields dark red vanadic acid, the quantity 
of which can then be determined. ^ 

A^rding to Sefstrdm, the vanadic (and chromic) acid may be separated from the 
fos^ mass, a^r neutrahsaUon with nitric acid, by the addition of alead-salt; the 
washed pi^pit^e is then boiled with strong alcohol and hydrochloric acid, the resulting 
blue solution of vanadic (and chromic) oxide, after being evaporated, is oxidised 
by nttnc amd or chlonne-gas, then mixed with potash-ley, evaporated down and 
fesed; the fesed mass is dissolved in water; and the vanadic acid is precipitated as 
a^vh, by sal-ammoniac. The liquid filtered therefrom (after separation of phos- 
pho^ and ^mo acids as ammonio-magnesian salts) yields with sulphydric acid a 
precipitate of chromic hydrate, while sulphide of molybdenum remains in solution, 
whenw it may be precipitated by acids, and, when fused in a narrow tube, yields pure 


IRON, CARBURETTED, ANALYSIS OF. 


Aeoording to MiiUer, the mass obtained by fusinff the iron with nitre and sodm JilAy 
Ix) dissolve in water, the filtrate treated with chlorine^gas, whidx separates fdioi^ 
phate of aluminium, and then saturated with nitric, acid, afterwards with ammonia, 
and the vanadium precipitated by sal-ammoniac-^r the fused mass is boiled with 
excess of sulphide of ammonium, or saturated with sulphydrio acid gas (whereby 
chromic oxide and alumina are separated), and sulphide of vanadium precipitated 
from the solution of the alkaline sulphovanadate by an acid. 

The chromic acid may be separated fiom the liquid filtered from the vanadate of 
ammonium by the ordinary metliods, and most readily detected, after addition of 
pure nitric acid, by its reaction with peroxide of hydrogen (i. 953). The chromic acid 
may also be precipitated from the alkaline Uqiud, after neutralisation with nitric acid, 
by means of mercurous nitrate, the phosphoric and arsenic acids having first been 
precipitated by ammonia and nitrate of magnesium (the addition of sal-ammoniac and 
gulphuric acid must bo avoided, as they would precipitate the mercurous salt). 

Riley (Chem. Soc. J.xvii. 23) separates vanadium from pig-iron bjr dissolving the 
borings in dilute hydrochloric acid, and after the iron is neany all dissolved, a<Wing 
a strong acid, and boiling well ; the chloride of iron is then filtered off from the 
graphite and silica ; the filter well washed from chloride of iron, and treated with a 
dilute solution of potash to dissolve the silica ; the potash thoroughly washed out ; 
and the filter treated with hydrochloric acid, washed until all the acid is removed, 
tlien dried, ignited, and burnt over a Bunsen’s burner, or better in a muffle. The 
residue is a semi-fused mass, apparently consisting of a mixture of a fusible and infu- 
sible oxide, staining a porcelain crucible yellow, and adhering strongly to it, some 
portions of the mass being of a purply blue colour, similar to the bloom of a plum. 

The semi-fused residue, treated with concentrated hydrochloric acid, gives off 
chlorine, and forms a yellowish-brown solution, which on boiling soon becomes of a 
beautiful green colour, leaving a black, finely pulverulent, insoluble residue. The 
solution, freed fri>m ‘excess of acid by evaporation, leaves a svrupy dark green mass, 
which when heated with water, yieliL a small quantity of white insoluble flocculent 
matter, and a solution which has a green colour when acid, but blue when nearly 
neutral or largely diluted, and gives tlio characteristic reactions of vanadium-salts, 
especially the yellow precipitate, becoming greenish on standing, with ferrocyanide of 
potassium. 

The black insoluble residue, fused with acid sulphate of potassium, forms a mass 
which dissolves perfectly in cold water, and yields on boiling a dense yellowish-white 
pulverulent precipitate, exhibiting the reactions of vanadium-salts. The black powder 
appears to be van a do us oxide, and the soluble portion of the original residue 
consists chiefly of vanadic acid. In a sample of grey pig iron firom Westbury in 
AViltshire, also containing a considerable quantity of pliospnorus, part of which passed, 
as phosphoric acid, into t he residue insoluble in dilute acids, Riley found — by sepa- 
rsiting the phosphoric acid from this residue as magnesium-salt, and considering the 
remaining portion soluble in concentrated hydrochloric acid, as vanadic acid — that 
the total quantity of vanadic acid in the pig was 0‘686 per cent. 

Molybdenum sometimes occurs in the carbonaceous residue left on dissolving pig 
iron in acids, and may bo dissolved out together with arsenic, by sulphide of am- 
monium, and precipitated therefrom by acids : on heating the precipitate in a glass 
tube, sulphide of molybdenum remains behind. 

Iron rich in molybaenum, such as the “bears” from copper furnaces (p. 3671, may 
be dissolved in nitromuriatic acid ; the solution evaporated to dryness after addition 
of hydrochloric acid ; then redissolved and precipitated by sulphydric acid, with ad- 
dition of metallic zinc. The whole of the molybdenum is thus precipitated, and may 
be separated from other metals by solution in sulphide of ammonium, precipitation 
therefrom by acids, and heating. 

Titanium is obtained as titanic acid [anhydride] when pulverised iron is heated 
in a current of hydrochloric acid gas and oxygen ; it then remains, together with silica, 
alumina, lime, 5fcc., and may be rendered soluble by fusion with carbonate of sodium. 

When iron is dissolved in nitric acid, at last with aid of heat, and the solution is 
evaporated to dryness and redissolved in nitric acid, titanic anhydride remains, to- 
gether with carbon, silica, &c., and may be rendered soluble as above. 

The iron may also be dissolved in cold hydrochbric acid, the solution mixed with 
tartaric acid to prevent the precipitation of the iron by ammonia, and the whole of 
the iron (toother with cobalt, nickel, copper, &c.) precipitated by sulphide of ammo- 
nium ; titanic then remains in solution, and may be precipitated and estimated by 
methods which will be described under TrrAKiuM. 

Riley (Chem. Soc. J. xv. 391), after dissolving the iron in hydrochloric acid, col- 
l^ the residue on a weighed filter, treats the residue with dilute potash to dissolve 
out the and after washing the filter with hydrochloric add, dries it at 250^, and 
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weight of the residue, consisting of graphite mixed with titainV 
anhydnde, being thus determined, the graphite is burnt oflF, and the dirty light brown 
residue is fu^ with acid sulphate of potassium; the fused mass dissolv^ in ooi,i 
water; and the solution boiled, whereupon titanic anhydride is precipitated nearly 
pure, i'art of the titanium is, however, dissolved by the acid together with the iron • 
Aence, to oUam the entire amount, the solution obtained by fusing the residue from* 
the sihca with acid sulphate of potassium must be added to the iron solution after 
the sulphur contained in it has been precipitated as a barium-salt, and the excess of 
baryte removed. The solution in which the titanium and phosphorus are to be de 
termined, IS first reduced with sulphite of sodium, and the excess of sulphurous acid 
driven off It is then nearly neutralised with ammonia, and acetate of sodium or 
ammonium added. If there is only a small quantity of phosphoric acid present, there 
wiU always be sufficient feme oxide to precipitate it ; but if not, a few drops of nitric 
acid must be added, and the solution boiled and filtered as quickly as possible 
This precipitate may be at once treated; or if it contains much fenic oxide, in 
excess of that sufficient to form phosphate of iron, it is better to redissolve it in 
hydrochloric acid, reduce it ^in with sulphite of sodium, and repeat the operation 
a^ve desenbed. The precipitate is then dissolved in hydrochloric acid, and chloride 
of magnesium, ammonia, chlonde of ammonium, and tartaric acid added, the precini- 
^ nights; then the ammonio-magLiaL 

phosphate is filtewd off, dried, ignited, and weighed, and the phosphoric acid ^Icuhited 
from the pyro-phoyhate of magnesium. The filtrate from the phosphoric acid is 
treated with sulphide of ammonium, and the sulphide of iron separated, the filtrate 
evaporated to dryness, ignited, and burnt in a muffle ; or evaporated nearly to drynes/ 
tnmsferred to a flask, and treated with fuming nitric acid until all the tartaric acicl 
IS destroyed ; in either ease, the residue is ftised with acid sulphate of potassium. Tlui 
fused mass is dissolved m cold water, boiled for some hours, and allowed to stand a 
night in a warm place, when the titanic acid is filtered off and washed with dilute 
sulphuric ftcid- ^ed, ignited, and weighed. If the determination of phosphoric acid 
IS not required, then the precipitate produced (either by one treatment or two) by the 
alkaline acetate, may be dried (without washing), burnt, and fused with acid sulphate 
of potessium, and dissolved in cold water, whereby a little phosphate of iron, which 
remains insoluble, is separated ; and the solution being boiled, the titanic acid is pre- 
^ife^^^d to^) ^ separated as before. (For further details, see the paper above 

Tu ngs ten, which sometimes occurs in the residue of the solution of iron in hydro- 
chlonc acid, may be rendered soluble by fusion with alkaline carbonate, and separated 
by precipitation with acids or with mercurous nitrate. It may be separated from the 
other constituents of the iron by the solubility of tungstic acid in ammonia, or of the 
sulphide in sulphide of ammonium. 

14, ^^maiwn o/^ /ron.— The amoant of pure iron in carburetted iron is generally 
determined merely by difference, after all the other constituents have been estimated. 

It may, however, bo estimated directly by Fuchs’ method with metallic copper (p. 383), 
or by any of the volumetric methods hereafter to be described. Mohr recommends 
especially the use of two titrated solutions of chromate of potassium, one ten times 
more dilute than the other (p. 384). 

to ^^iromS**"^**^** clilorine two compounds, analogous 

Perrou* Chloride, FeCl», is obtained in the anhydrous state:— 1. By passing 
chlorine or hydrochloric acid gas over iron filings or turning heated to redness in a 
pui-lmrrel connected with a receiver into which the nlbduct may sublime.— 2. By 
Iwating iron-filings with sal-ammoniac, ferrous chloriSHtthen remaining behind.— 

>1. liy boiling down a solution of iron in hydrochloric ad5"^t of contact with the air, 

11 na heating the residue till the water i.s expelled. 

Fergus chloride crystallises in white or yellowish-white shining scales, which, 
six-sided, and optically uniaxial ; it has a specific gravity 
of 2 628, melts at a r^ heat, and sublimes when more strongly heated in a close vessel. 
Jleated in an atmosphere of hydrogen, it is reduced, yielding hydrochloric acid and 
pure iron crystallised in tubes. Heated in dry air or oxygen gae, it is resolved into 
lemc oxide and chloride, the latter volatilising: 

3FeCl» -h 0* « Fe*0* -i- 2Fea». 

In TOntejst with aqueow vapour at a red heat, it gives off hydrogen and hydrochloric 
acid, and is converted into ferroso-ferric oxide : 

8FeCF + 4H»0 « Fe»0« 6HC1 + H». 

It absorbs amfoonia-gaa at orilinaiy temperatures, swelling up and crumbling to a 
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white powder, wliich, when exposed to the air, quickly takes up water and 
and is conyeried into ferric oxychloride and ferrico-ammonic chloride. Fenona 
chloride, heated to redness in dry ammonia gas, is converted into a nitride of iron, 
Fe^N*, containing 9 3 per cent, nitrogen (Fr4my, Compt. rend. iii. 328). When 
mixed witli a little charcoal powder, it is reduced by zinc>vapour at a red heat, yielding 
crysUdline metallic iron, sometimes in dendrites, sometimes in tetrahedrons, and of 
specific gravity 7 84. (Ponmar^de, Compt. rend. xxix. 620.) 

Ferrous chloride exposed to moist air, absorbs water, and deliquesces. It dissolves 
eiisily in and alcohol^ but is insoluble in ether. It dissolves in 2 pts. water at 
81 76° (Abl, Oesterreich. Zeitschr. f. Pharm. viii. 20); in 1 pt. of strong alcohol at 
82-6°. (Wenzel.) 

Hydrated Ferrous chloride^ FeCP.4H*0, is most easily obtained by dissolving iron 
in aqueous hydrochloric acid, finally heating the solution with excess of metal, and 
filtering it at the boiling heat into a vessel moistened with strong hydrochloric acid. 
The bluish-green liquid, left to cool in well-closed vessels, deposits the hydrated 
chloride in crystals, which must be quickly pressed between paper and dried in air at 
about 30®. The bluish crystals are monoclinic, and cleave parallel to ooPoo and + P. 


Si>ecific gravity, 1*937. The salt may bo obtained as a crystalline powder concen- 
trating the solution in a fiask or a retort, and evaporating the concentrated liquid over 
tlie water-bath to a paste, stirring till it is cold. The crystals heated in a close vessel 
first give oflf half their water, and the remainder at a higher temperature; when 
quickly heated, they melt in their water of crystallisation ; they effloresce at ordina^ 
temjVratures when kept over oil of vitriol. They dissolve in 0 68 pts. water, easily in 
alcohol and, according to most authorities, in ether ; according to Jahn, however, they 
are insoluble in ether. The solutions, especially the alcoholic, absorb nitric oxide gas, 
and assume a black-brown colour. The aqueous solution yields by electrolysis, iron and 
hydrogen at the negative, chlorine and oxygen at the positive pole. 

Feirous chloride forms double salts with the chlorides of the alkali-metals. A 


mixture of the concentrated solutions of ferrous chloride and chloride of potassium 
yields, by cooling or slow evaporation, the salt, K*Fe"CP.2H*0 or 2KCl.FeCP.2H*0, in 
j>ale blue-green monoclinic crystals. A similar ammonium-salt is obtained bv mixing 
the corresponding solutions, or by boiling iron filings with sal-ammoniac, hydrogen 
and ammonia being then set free. 


Fenrio Cbloiide. Trichloride of Iron, Fe*Cl*, also called Perchloride of Iron, 
Iron sublimate . — This compound is sometimes found in the craters of volcanos; it 
may be obtained artificially by the following processes: — 1. A piece of iron wire 
or Ji watch-spring introduced red-hot, or with a piece of burning tinder at the 
end, into chlorine gas, burns with a red glow and forme ferric chloride, which then 
Fublimes. The same result may be obtained by passing chlorine gas oyer gently 
heated iron. — 2. Ferrous chloride heated in chlorine gas is converted into feiric 
chloride.— 3. When ferrous chloride is heated in a vessel containing air, ferric chloride 
sublimes, and ferric oxide remains behind. — 4. When an aqueous solution of ferric 
chloride is evaporated, the dry compound remains behind, mixed with more or less ferno 
oxychloride ; the dry residue, gently ignited in a loosely closed flask, yields the feme 
chloride sublimed in laminae. — 6. A mixture of I pt. calcined ferrous sulphate, and 
1 pt. chloride of calcium, is ignited in a flask till the ferric chloride sublimes. (Baur, 
Repert. Pharm. xxv. 432.) ^ i • i 

Ferric chloride forms iron-black, iridescent plates, having a^ metallic lustre, and 
volatilising and subliming somewhat above 100®. When heated in contact with oxygen 
gas, it yirids ferric oxide and chlorine; heated with aqueous vapour, it forms feme 
oxide and hydrochloric acid gas. With sulphuric acid and with sulphur, it behavM 
like ferrous chloride. (A. Vogel.) . n 

Hydrated FerHc chloride.— Fenic chloride dissolves in water with considerable 
evolution of heat, and likewise deliqm^sces in the air. The liquid formed by • 

quescence is called Oleum Martis. The same solution may be olitained by the 
following methods 1. By dissolving ferric oxide or its hydrate in boiling hydrochl(mo 
acid.— 2. By dissolving iron to saturation in a definite quantity of hydrochloric acid ; 
filtering the solution, and mixing it with half as much hydrochloric acid iw it alre^/ 
contains ; then heating the liquid to ebullition in a capacious vessel, and adding mtiM 
acid in small portions, till the dark-brown colour first produced by the absorotionj^ 
nitrous gas has given pliuie to a yellowish -brown, and the further addition of nitne 
acid produces no evolution of nitrous gas. The mixture is very yt to over, 
«Tecially towards the end of the operation, when all the nitric oxide which has oe» 
absorbed has been evolved. The same result may also be obtained by dissolvlrgira m 
nitromuriatic acid ; but it is not easy to hit the right proportion of the 
pasrixig washed chlorine gas through aqueous hydrochloric acid saturated with iron, 
as long as the gat is absorbed. The dark brown liquid, which has a rough taste and 
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, lov, yields, on evaporatiiig and cooling, eiyitals oontaiiiing two, or 
throo different j)»^rtions of water. 

“ 0 . Ikdm^lii/dr^aedt F6*C1«.12H*0 (with 40 per cent, water).— Ferric chloride deli- 
qneeoee ra |^7 in the air, then c^stallises in the form of this hydrate, and atterwaids 
deliqueeces much less quickly (Einast, Kastn. Arch. zx. 281). The same hydrate 
likewise separates slowly fri>m an aqueous solution of the chloride not too much con- 
centrated-fine radii stretching out in all directions from particular points, and forming 
pale orange-yeUow, opaque, hemispheric nodules, into which the whole liquid is 
ultimately conyerted. If the evaporation has been carried too far, the syrup will not 
crystallise unless it be exposed for some time to the damp air of a cellar, from which 
it can absorb water. (Mohr. Ann. Ch. Pharm. xxix. 173.) 

/8. A penta-hydrate, Fe*Cl*.6H*0 (with 21*7 per cent, water) is obtained by evaporat- 
ing the liquid to a syrup, mixing it with a small quantity of strong hydrochloric acid 
to re-Kiissolvo the pecipitated ferric oxychloride, and leaving it to itself in the cold 
(Stein, Bepert. Pharm. xiii. 264). — 2. By fusing the crystals o, evaporating till the 
liquid becomes perfectly solid on cooling, replacing the lost hydrochloric acid, and 
leaving the solution to cool (Fritzsche).— 3. The crystals a, placed beside oil of 
vitriol, under a receiver containing air, soon deliquesce and form a thick liquid, in 
. wdiich large crystals then form, till the whole is converted into a mass of crystals 
(Fritzsche, J. pr. Chem. xviii. 479). The 6-hydrate forms flat roseate or deep 
reddi&h-yellow crystals, which fuse readily, and solidify again at 42® ; they absorb 
water from the air very rapidly, and with evolution of heat (Fritzsche). When the 
crystals a and /3 are shaken together, a slight fall of temperature takes place, and a 
liquid is obtained — the same as that produced by imperfect evaporation of the crysUils 
0 — which produces great heat when mixed with water (Fritzsche). 1 at. ferric 
chloride dissolved in 9 at. water yields a liquid, which is identical with the Oleum 
Martia of the older chemists (as obtained by deliquescence of the solid chloride in the 
air), hM a density of 1*646, and refuses to crystallise. Hence there are two solutions 
of ferric chloride in water to be distinguished ; one containing more than 6 and less than 
12 at., the other containing more than 12 at. water. 

Hex-hydrate ^ Fe*Cl*.6H‘‘*0 (with 26 j)er cent, water)? — The hydrate is obtained, 
according to Wittstein, by leaving a solution of ferric chloride concentrated to a density 
of 1*60 in a covered plate, standing in a cool place, till it solidifles to a mass of 
rhombic plates ; also by evaporating to a syrup and leaving it in a covered vessel in a 
warm place. According to Gobley, Mohr, and Fritzsche, however, highly concentrated 
solutions of ferric chloride always yield the J-hydrate. 

Hydrated ferric chloride dissolves easily in alcohol and ether ^ forming yellow solu- 
tions, in which, however, if exposed to light or heat, especially in the ethereal solution, 
it is easily reduced to ferrous chloride. Ether abstracts it from the aqueous 
solution. 

Ferric chloride is also easily reduced to ferrous chloride by zinc, stannous chloride, 
sidphurous acid, stdphydric acid, &c. Hydriodic acid reduces the concentrated, but 
not very dilute solutions of ferric chloride. Silver and platinum, immersed in the solu- 
tion, are converted into chlorides, reducing the ferric to ferrous chloride. The reduction 
is likewise effected by many organic bodies. The reducing action of tartaric acid on 
ferric chloride has been applied to photographic purposes byPoitevin. (Compt rend, 
lii. 94.) 

A concentrated acid solution of ferric chloride yields by electrolysis, ferrous chloride 
at the negative ^le, while chlorine, and a small quantity of oxygen are evolved at the 
positive pole, tie big has suggested the use of this solution, instead of nitric acid, 
m the zinc-carbon battery; the zinc, according to Buffl^ishould then be immersed in 
solution of common salt. Such a circuit is, however/less powerful than that of 
Bunsen. O 

Ferric chloride is much used in medicine ; it is a powelri^ styptic, and is employed 
in the treatment of aneurisms and varicose veins. A few drops of the aqueous solution 
quickly coagulate albumin. (Handw. d, Chem. ii.^] 607.) 

Basio Ferric Chloride, or Ferric Oxychloride .— a solution of ferric chloride is 

evap ‘ 

and 

certain quantity undeoomposed ferric chloride volatilises, 

cemsistmg of ferric chloride with more or less ferric hyiate. The stronger the con- 
centration, the greater is the quantity of basic salt in the residue. The evaporated 
maas no longer dissolves dearly in water, unless hydrochloric acid is added to reconvert 

the liBrrio hydrate into chloride. — * — ^ ^ 

evaporation, a considerable 4 
insoluUe salt remains behin( 
tube, deposits ferric oxide. (Senarmont.) 


the 
lie 
sealed 
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Xiupolable fSenie txi^cblorideB of wiable oonstitiitioii are likeiriie obtained bf 
podng a solution oi rerrous chloride to the air ; by precipitating a solution of teia 
chloride with a quantity of alkali not suffident to take up the whole of the ehlorinei 
and by roasting iron in contact with metallic chlorides, diloride of so^um iw SKample^ 
aU these compounds when heated, give off water, and afterwards ferric chloride, leav^ 
ferric oxide. 

Soluble ferric oxychlorides, or basic chlorides, are obtained by adding recently pre- 
cipitated ferric hydrate to aqueous ferric chloride. The hydrate diasolyes in consider- 
able quantity, and a deep red solution is formed, containing from 5 to 6 or 7 moleculea 
of ferric oxide to 1 molecule of the chloride. The solutions may be heated or diluted 
with water without decomposing ; those which contain the larger quantities of oxide 
deposit a portion of it, however, on the addition of certain salts, and when evaporat^,/ 
leave resiaues which do not redissolve in water. Compounds containing not mora 
thiiu 10 at. Fe*0* to 1 at. Fe*Cl* are, on the contrary, perfectly soluble in water after 
evaporation. (Phillips, Phil. Mag. [3] viii. 406; Ordway, Sill. Am. J. [2] xxvi. 
197 ; B^champ, Ann. Ch. Phys. [3] Ivi. 306; Ivii. 296.) 

Ferric cWoride forms wiUi chloride of cyanogen, the compound Fe*OP.2CyCl, already 
described (ii. 279). It unites directly with pentaefUoride of phosphorus, forming the 
compound Fe*01*.2PCl*, also produced by the action of pentacnloride of phosphorus ot 
ferric oxide. It is a brown substance, which melts easily, but is difficult to volatilise, 
(Weber, Pogg. Ann. evii. 375.) 

Ferric chloride unites with the chlorides of the alkali-metals, forming double chlorides : 
among which the ammonium salts are the most stable. 

Ferrico-amimnio chloride, 4NH^Cl.Fe*CP.2ir'*0. — A solution of sal-ammoniac in a 
large excess of ferric chloride, when evaporated over oil of vitriol within a receiver 
containing air, yields garnet-coloured moiioclinic crystals, which may easily be mistakeri 
for regular octahedrons ; they are not decomposed by water, like the corresponding 
compound of chloride of poti^ssium (Fritzsche, J. pr. Chem. xviii. 484). By slowly 
evaporating a mixture of this nature, L. Gmelin obtained very deliquescent rectan- 
gular octahedrons, having two of the basal edges and four of the basal summits 
truncated. 

A solution of from 3 to 24 pts. of sal-ammoniac and 1 pt. of ferric chloride in water, 
yields, on evaporation, roseate transparent crystals, which, according to Geiger, are 
acute rhombohedrons when they contain a medium quantity of iron, but obtuse when 
the proportion of iron is either very small or very large; according to Marx also 
(Sehw. J. liv. 304) they appear to be made up of a very great number of small cubes 
not quite regularly grouped together, whereby the cubical shape is somewhat altered. 
The quantity of iron is small and variable. If 24 pts. of sal-ammoniac are used to I 
pt. of the ferric chloride, the crystals contain 0*85 per cent, of ferric chloride ; if 14 pts. 
of sal-ammoniac are used, they contain 1-93; and with 3 sal-ammoniac, they contain 
6- 12 per cent, of ferric chloride. The mother-liquor of the last-mentioned crystals 
yields, on further evaporation, brown-red crystalline granules, containing 5‘75 per cent, 
of ferric chloride (Geiger). When 10 pts. sal-ammoniac have been used with 1 pt. 
ferric chloride, the crystals contain 0 86 per cent of the latter (Winckler, Repert. 
Pharm. IxviL 166). The crystals, when heated, become yellow and opaque, aud evolve, 
first sal-ammoniac, and afterwards ferric chloride. They dissolve in 3 pts. of cold 
water; those in which the proportion of ferric chloride does not exceed 6‘12 per cent, 
become moist only in damp air; those which contain 6 75 per cent. Fe’^Cl^ become 
moist even in dry air (Geiger, Repert. xiii. 422). When their aqueous solution is 
evoporated, sal-ammoniac crystallises out, nearly pure at first, but afterwards con- 
tinually richer in iron, being first yellow and then rod, and there remains a mother- 
liquid richer in iron. 

To these mixtures of ferric chloride and sal-ammoniac belong the Ferruginous 
Flowers of Sal-ammoniac, Flores Salis-ammoniaci mar Hales. These are obtained - 
1. By subliming 16 pts. sal-ammoniac with 1 pt. ferric oxide, whereupon ammonia is 
evolved : or witn 1 pt iron filings, in which case hydrogen is set free and protochloride 
of iron and ammonium is produced ; the latter, however, if the air has moderately 
free access to it, is converted into ferrico-ammonic chloride, while ferric oxide is left 
behind.-— 2. By subliming a mixture (obtained by evaporation) of 1 2 pts. sal-ammoniac, 
and ferric chloride prepared from 1 pt of iron filings.— 3. By dissolving 16 pts. sal- 
ammoniac and 1 pt ferric chloride in water, and evaporating to dryness. Some phar- 
macopoeias, however, direct the preparation of the crystab above described. The 
piquet is a yellow saline m a nw , wmen is yelbwer and more deliquescent in proportion 
ss it is richer in iron. 

dmmonio-triohloride of Iron, 2NH*.F6*Cl*, or Chloride of Ferricum and Ferric- 
smmonium, NH*feC1.2feCL — Ferric chloride slowly absorbs ammonia gas at common 
tomperatores, with slight evolution of heat, but without alteration of external appear-. 
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SII 06 . Fart of the comf^und Tolatilieee imdecomposed when heated ; the rest leares 
fenoiie . chloride. It deli^ueecee in the air, but not m quickly as pure ferric chloride, 
li’tnien thrown into water in considerable quantities, it aissolTes with a hissing noise 
and forms a dark red transparent solution. (H. Rose, Pogg. ^nn. xziy. 802.) 

Ferrico^fassic Chloride, 4KCl.Fe*Cl*.2H*0. — solution of chloride of potassium ia 
excess of ferric hydrochlorate evaporated under a bell-jar over oil of vitriol, yields small 
yelbwish-red monoclinic crystals. A small quantity of water extracts chloride of iron 
from them, and leaves crystals of chloride of potassium undissolved, as maybe seen by 
examination with the microscope. A larger quantity of water dissolves the whole ; 
but, on evaporation, colourless crystals of chloride of potassium separate out firsts and 
afterwards coloured crystals of the ferrico-potassic chloride; ana at this degree of 
concentration, the crystals of chloride of potassium redissolve without any warming or 
stirring, and are reconverted into crystals of ferrico-potassic chloride. (Fritzsche, 
J. pr. Ohem. xviii. 483.) 

tlttrico-sodic Chloride melts at 200°, forming a very mobile liquid. (Dev ill e.) 

Ferrico’ammonio^tasaio-sodic Chloride — 4(NH*; K; Na)Cl.Fe*Cl*.2H*0 (containing 
12*1 per cent, potassium to 6*2 ammonium and 0*16 sodium)— is found, together with 
sublimed ferric chloride, in the craters of volcanos, and remains, after the removal of 
the ferric chloride by deliquescence, in ruby-red regular octahedrons, which may be 
dried over oil of vitriol. It is veiy deliquescent, and difficult to reciystallise without 
decomposition. (Kremers, Pogg. Ann. Ixxxiv. 79.) 

now, CTiUrZBBS or. (See Cyanidbs, ii. 221.) 

now, BaXSCTZOnr AWB BSTZMATZOW or.— l. Blow-'pipe re- 
actions. — ^Iron-salts fused in small quantity, with borax on platinum wire in the 
outer flame, colour the bead yellow while hot, the colour disappearing on cooling. 
With a larger proportion of iron, the bead is red while hot, and yellow after cooling. 
In the inner flame a bottle-green glass is produced. With phosphorus-sfilt, when a 
moderate quantity of iron-salt is added, the bead is reddish-yellow in the outer flame 
while hot, becoming yellow as it cools, then green, and finally colourless. With a 
large proportion of iron, the bead is deep red while hot, becoming red-brown and dirty 
green as it cools, and radish-brown when quite cold. The colours change by cooling 
much more quickly than those of the borax bead. These reactions are common to 
ferrous and ferric compounds (H. Rose). Ferrous oxide in minerals may be specially 
distinguished by heating the substance for a very short time in the inner flame with 
a bead of borax coloured pale blue by a small quantity of oxide of copper ; the ferrous 
oxide then reduces the cumric oxide to cuprous oxide or metallic copper, which forms 
red spots on the bead. The heat must not be too long continued, as in that case 
ferric oxide, if present, would be reduced to ferrous oxide, which would then produce the 
reaction just mentioned. To check this result, a portion of the substance may be heated 
for a moment in the oxidising flame with a new borax bead containing copper ; the 
bead will then assume a pale green colour if ferric oxide is present, whereas ferrous 
oxide would produce the r^ spots in this case also. (Chapman.) 

2 . Reactions in Solution. 

Some compounds of iron aw soluble in water, and the greater number are soluble in' 
acids ; many, however, especially native ferric oxide, and the artificially prepared oxide, 
after strong ignition, require prolonged boiling with strong hydrochloric acid to dissolve 
them, ^e solution of many iron ores, and of ferric oxide in a state of veiy dense 
aggregation, may be facilitate by addition of zinc or stannous chloride, which reduces 
the ferric to ferrous oxide. Many iron ores can bo render^ soluble only by fusing them 
with alkaline carbonates ; some offiy by fusion with acid si&hate of potassium or sodium. 

Iron usually exists in solution as a ferric or ferrous sa%^ partly in one state, partly 
in the other ; rarely as ferric acid, on account of the groat instability of the salts of 
that add. 

Ferric salts in solution are mostly yellow or reddish-yellow, more rarely (as in 
the case of the iron-alums) colourless or j^e violet. Sulphydric acid gas passed into 
the neutral or acid solution of a ferric salt reduces it to a ferrous salt^ with precipitation 
of sulphur, thus : 

Fe*Cl« + H»S - 2HC1 + 2FeCl* + S. 

In a solution of neutral or basic ferric acetate, however, sulphydric add forms a black 
precipitate of sulphide of iron ; if, on the other hand, the liquid contains free acetic 
acid, nothing but a milky precipitate of sulphur is produced. 

Sidj^hgdrate of ammonium produces, in neutral solutions of ferric salts, a black 
precipitate of sulphide of iron insoluble in excess of the precipitant, and becoming 
rod-lwowB by oxidation in contact with the air. If the quantity of iron present is very 
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minute, no precipitate is fontied at first, but the liquid aoq[uires a neon colour, and if 
kept for some time in a closed yessel, deposits sulphide of iron in lua<^ flocks. 

j-lkdia and alkaline carbonate* produce a rea-brown precipitate of ferric hydrate 
insoluble in excess of either of these reagents. 

The carbonate* of barium^ strontium, and calcium^ shaken up with a ferric solution, 
likewise form a precipitate of ferric hydrate. 

Phosphate of sodium forms a white precipitate of ferric phosphate, which is turned 
red-brown by alkalis, dissolves easily in nitnc or hydrochloric acid, but is insoluble in 
acetic acid. 

Ferrocpanide of potassium forms a deep blue precipitate of Prussian blue, insoluble 
in acids, but dissolving in alkalis, with separation of ferric oxide. If the quantity of 
iron present is very small, the precipitate appears green, or the liquid merely acquires 
a green colour, and deposits blue flocks on standing. 

Ferricyanide of potassium forms no precipitate, but changes the colour of the liquid 
to greenish-brown. If the least trace of a ferrous salt is present, a blue precipitate is 
produced. 

Sulphocyanate of potassium changes the colour of ferric salts to deep blood-red, the 
coloration being very decided even in extremely dilute solutions : this is, in fact, the 
most delicate of all tests for the presence of iron in the ferric state. The red colour is 
not modified by addition of a small quantity of hydrochloric acid ; but a large quantity 
nearly destroys it. A certain quantity of nitric acid destroys it completely after a 
while, and it is not restored by subsequent addition of the ferric salt. The red colour is 
also destroyed by oxalic, iodic, phosphoric, and arsenic acids, but reappears on again 
adding a solution of a ferric salt Ammonia instantly decolorises the red solution and 
precipitates ferric hydrate. Sulphide of ammonium forms a black precipitate of ferric 
sulphide. 

Infusion of galls colours ferric solutions deep blue-black, and renders them turbid. 
The precipitate is dissolved and the colour destroyed by free acids. 

Ferric salts are easily reduced to ferrous salts by various de~oxidising agents ; as by 
sulphydric acid, as already mentioned; by sulphurous, hyposulphurous, and phosphorous 
acids; by stannous chloride; by metallic iron, and even by silver at the boiling 
heat. 

The reactions with sulphide of ammonium, alkalis, ferro- or ferri-eyanide of potas- 
sium, and sulphocyanate of potassium, serve to distinguish ferric salts from all other 
metallic salts. 


Solutions of ferrous salts have a bluish-green or bluish colour, and, when 
exposed to the air, take up oxygen and are converted wholly or partially into ferric 
salU ; and unless a sufficient excess of acid is present to form a neutral ferric salt with 
the quantity of iron present, part of the iron is precipitated in the form of a yellow- 
brown basic salt. They are likewise converted into ferric salts by aerated water, bv 
hgpocklorous acid, nitric acid, and by easily reducible metallic oxides and salts, such 
as those of silver, gold, and mercury. When nitric acid is the oxidising agent, the 
nitric oxide separated fi*om it does not escape from the liquid at ordinary temperatures, 
so long as any portion of ferrous salt remains unoxidised, but remains dissolved, forming 
a dark greenish-brown solution. 

A concentrated solution of ferrous sulphate or chloride placed in the circuit of a 
powerful voltaic battery, deposits metallic iron in small granules on the negative 
platinum wire. If the positive wire is dipped into a solution of common salt separated 
from the iron solution by moist clay, the iron is obtain(*d in glittering crystals which 
exhibit magnetic polarity (Becquerel). Xiru: immersed in a perfectly neutral solution 
of ferrous sulphate or chloride contained in a stoppered Ixjtlle, throws down metallic 
iron (together with oxide) which is deposited partly on the zinc, partly on the con- 
tiguous side of the glass. (Fischer, Po^. Ann. ix 266.) 

Sulphydric acid forms no precipitate in a solution of ferrous salt containing an excess 
of one 01 the stronger mineral acids, but from a solution containing only a weaker acid, 
such as carbonic, oxalic, tartaric, or acetic acid, it precipitates part of the iron, in the 
form of a black hydrated ferrous sulphide, the prwipitation in the thr(‘e last-mentioned 
salts going on only till a moderate portion of acid is set free j the same reagent 
cipiUtes ferrous benzoate, and even, to a slight extent, the sulphate and chloride, if 
the acids are completely saturated with base. From the sulphate or chloride mixed 
•^th acetate of potassium, it throws down a considerable portion of the iron, but not 
the whole, even when the acetate is in excess. The black precipitate acquires a rosty 
brown colour by exposure to the air. It dissolves readily in hydrochlonc or wlphunc 
«cid, and likewise in a large quantity of ac^ic acid, provided it does not rontain exeem 
of sulphur. — same precipitate, but containing the whole of the iron, is produce in 
•11 ferrous salts, on the addition of an alkaline s^phydraUt, and it is not soluble in an 
excess of the reagent. A very dilute iron-solution to which sulphydmte of ammonium 
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if added, MMtmm a green colour, from the presence ol* iron-sulphide in a state of 
suspensipn. ' ... 

Fixed eawtio alkalis completely precipitate t|te iron in the form of a vhite hydrate, 
which, exposure to the air, acquires a di^-green and afteiwards a red-biown 
colour . — Ammonia throws down part of the iron in the form of hydrate, the rest 
remaining dissolved in the liquid, which, when exposed to the air, becomes covered, 
first with a green and afterwards with a brown film. If the ferrous salt is previously 
mixed with sal-ammoniac, ammonia yields no precipitate, but forms a pale-green 
mixture which exhibits similar appearances on exposure to the air. 

Monooarbonate of potassium or sodium^ and sesquicarbonate of ammonium^ throw 
down white ferrous carbonate, which soon acquires a green and afterwards a brown 
colour by exposure to the air, and, if sal-ammoniac be added, dissolves in the liquid, 
which then exhibits a green, and subsequently a brown turbidity on exposure to the 
air. Add carbonate of potassium or sodium forms the same precipitate, with evolution 
of carbonic anhydride ; but, if the solutions are dilute, a clear mixture is formed, which 
deposits ferrous carbonate on boiling, and on exposure to the air yields a precipitate 
of ferroso-ferric hydrate. — The carbonates of alkaline earth-metals do not precipitate 
ferrous salts. (Fuchs.) 

Phosphite of sodium precipitates white ferrous phosphate, which acquires a bluish- 
green colour by exposure to the air . — Arsenate of sodium precipitates white ferrous 
arsenate, which becomes dingy-green on exposure to the air. 

Oxalic add and add oxalate of potassium communicate a yellow colour to ferrous 
salts, and, after a while, throw down yellow ferrous oxalate, the precipitation being 
immediate when an alkaline oxalate is used. 



Ferrocyanide of potassium forms a precipitate which is white, if the solution has 
been perfectly freed from air by boiling and the iron-salt is absolutely free from ferric 
oxide, but otherwise bluish- white : by exposure to the air, this precipitate is con- 
verted into Prussian-blue. Ferricyanide of potassium gives a deep blue precipitate 
(ii. 244), even in very dilute solutions. 

Sulphocyanate of potassium neither alters the colour of ferrous solutions, nor forms 
any precipitate in them. 

Tincture of galls neither colours nor precipitates ferrous salts when they are quite 
free from ferric oxide ; but the mixture acquires a violet-black colour on exposure to 
the air. 

The preceding reactions, especially those with the alkalis, and with ferrocyanide, 
ferricyanide, and sulphocyanate of potassium, afford marked distinctions between 
ferrous and ferric salts ; it is but rarely, however, that ferrous solutions can be obtained 
so pure as to give the reactions exactly as they are above described, exposure to the 
air for a very short time being sufficient to convert a portion of the ferrous into ferric 
salt : hence the precipitate formed by ferrocyanide of potassium is generally somewhat 
bluish, and those formed by the alkalis have more or less of a dark -green tinge. 
The best way of obtaining a solution of iron quite free from ferric salt, is to immerse 
a few pieces of bright iron wire in aqueous sulphurous acid : a mixture of ferrous 
Bidphite and hyposulphite is then formed, which gives a perfectly white precipitate 
Uritn ferrocyanide of potassium. 

Solutions containing both ferrous and ferric salts, such as are obtained by dissolving 
loagnetic oxide of iron in hydrochloric acid, of course give reactions intermediate 
between those of pure ferrous and pure ferric salts ; in particular, they give blue pre- 
^dpitates both irith ferrocyanide and with ferricyanide of potassium ; the formation of 
both these precipitates in a solution obtained by dissolving a mineral in hydrochloric 
or sulphuric acid, without the addition of any oxidisiiu^ agent, such as nitric acid, 
may be taken as an indication that the mineral contai&ja, mixture or compound of 
ferrous and ferric oxides. From such mixed solutions, ®|e ferric oxide may be pre- 
cipitated by means of carbonate of barium, while the^rrous oxide will remain in 
smution. 

For the reactions of iron in the state of ferric add, see ii. 637. 

3. Quantitative Estimation of Iron* 

Iron is always estimated by weight in the form of ferric oxide. If the solution con- 
tains ferrous oxide, either alone or mixed with ferric oxide, it is first boiled with a 
sufficient quantity of nitric acid to convert the whole of the ferrous oxide into ferric 
oxide, and then treated with ammonia in excess to precipitate the latter. The predpi- 
tate is collected on a filter, washed, dried, and ignited at a moderate red heat ; too 
hi^h a temperature expels a portion of the oxygen. Eveiy 10 pts. of pure feme 
oxide corremiond to 7 pts. of metallic iron. In some cases, however, it is necessary 
to MM potash as the precipitant In that case, the precipitated ferric oxide is very ajS 
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to carry ^ porUdli of the potash, which is osroeedingly dilSoolt to remove 

by washing. It is best therefore, having washed it two or three times with hot 
water, to redissolve it in acid and precipitate by ammoma. In other cases, as when the 
solution contains organic matter, the iron must be precipitated by aulphida ofammoniumt 
because sudi substances prevent the precipitation of the oxide. To ensure complete 
precipitation, the liquid, after being mixed with excess of sulphide of ammonium, should 
be left for some time in a covered vessel standing in a warm plwe till it becomes quite 
colourless or yellow, then filtered as quickly as possible, protecting it from the air, and 
the precipitate wasW with water containing sulphide of ammonium. The precipitated 
sulphide IS then dissolved in nitric acid, and the iron precipitated by ammoma as before. 

If the iron is mixed or combined merely with volatile or with easily combustible 
substances, its amount may be determined by simple ignition in contact with the air ; 
all the volatile and combustible matters will then be driven off or burnt away, and the 
iron will be left in the form of ferric oxide : to ensure its complete conversion into 
this oxide, however, the residue should be moistened with nitric acid, and heated 
again. 

An indirect method of estimating iron, given by Fuchs (J. pr. Chem. xvii. 160), 
depends upon the fact that metallic ct^per does not dissolve (or dissolves but veiy 
slowly, and only when finely dividf^d, ii. 40) in hydrochloric acid, if kept from contact 
with the air, but when boiled with ferric chloride, it dissolves, with formation of 
ferrous and cuprous chlorides : 

Fe^CF + Cu* - 2FeCF + Cu*Cl*. 


The solution of ferric chloride mixed with excess of dilute hydrochloric acid and 
diluted with wator, is boiled in a fiask, and clean copper-foil, not too thin (from 15 to 
20 pts. copper to 2 or 3 pts. ferric oxide), is completely immersed in the liquid ; the 
flask is closed with a perforated cork, having a narrow glass tube passing through it, 
and the liquid is boiled till it becomes permanently bluish-green or colourless. It is 
then left to cool with the flask closed; decanted from the undissolved copper; this 
copper washed by repeated affusion with hot water, and decantation, then dried between 
bibulous paper, and finally by heat, taking care not to rub it, and weighed. The loss 
of weight multiplied by 0*883 gives the quantity of iron in the solution : for each atom 

of copper ( = 63-4) represents 1 at. iron (= 56) in the solution, and ^ » 0-884. Or 

OA 

the loss of weight multiplied by = 1*261 will give the quantity of ferric oxide 

in the solution. To ensure the complete reduction of the ferric to ferrous chloride, 
it is essential that the air bo entirely excluded from the vessel, and therefore that the 
boiling be kept up uninterruptedly till the liquid has become colourless. 

Silver in tne spongy state may also be used to reduce the ferric chloride. The 
pnxiucts of the reaction are ferrous chloride, which remains in solution, and chloride 
of silver, which mixes with the metallic silver, and increases its weij^t. As in thie 
reaction, each atom of chlorine that enters into combination with the silver conresponde 
to 1 at. iron (Fe^Cl® + Ag* = ’IFeCl* + 2AgCl), the increase of weight multiplied by 

1*6774 gives the quantity of iron in the solution; or « 2-2535 give# 
3o-6 i iio‘0 

the quantity of ferric oxide. 

The method of reduction by copper or silver may be applied to determine tlio quatl- ^ 
lilies of ferrous and ferric oxides, when they exist together in solution. The quantity 
of ferric oxide, or of iron existing as ferric salt, is first determined as above, 
ferrous salt present not interfering with the reaction. It is necessary, however; to 
guard against the conversion of the ferrous into ferric salt by atmospheric oxidation t 
for which purpose it is best to perform the determination in an atmosphere of nitro^n 
or carbonic anhydride. Another portion of the solution is then treated vdth chlonne 
to convert the ferrous salt contained in it into ferric salt, and in this solution the total 
quantity of iron is determined bjy the same method. The difference of the two deter- 
minations gives the quantity of iron existing as ferrous salt. 

Ferrous and ferric oxides may likewise be separated bv means of earhonaie of barium 
or carbonate of calcium, which precipitates ferric oxide from slightljr arid solutions, 
but not ferrous oxide. It is necessary to have the solution slightly arii^ rince if it is 
perfectly neutral, a small quantity of ferrous oxide may likewise be precipitated Ths 
solution, which should be slightly warmed, is shaken up with recently yeci pitat sd 
carbonate of barium (which acts more quickly than carbonate of calcium), in acoAaA 
flask filled with carbonic anhydride ; then left to stand, and shaken up again froiQ 
time to time, till it has become quite colourl^ after^rds filtered, and the pre^tate 
washed, always in an atmosphere of carbonic anhydride. The precipitate, oonristittg 
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of carbonate of barium mixed with ferric hydrat^ is di wived in ^ute hydroehlorie 
acid| the baiyta precipitated by sulphuric acid, ^d the lerric oxide from^ the filtrate 
by ammonia. Tnis determines the quantity of iron existing in the solution as/em- 
cxm. To find the quantity existing as ferrosum, the liquid mtered the precipi- 
tate of .carbonate of barium and ferric oxide is boiled with nitric acid, to convert, the 
ferrous into ferric salts, then freed from baryta by sulphuric acid, and the iron is pre- 
cipitated as ferric, oxide by treating the filtrate with ammonia. Or another portion 
of the original solution may be treated with nitric acid, to bring all the iron into the 
ferric state, and the total quantity of iron determined by precipitation with ammonia. 
The difference of the two determinations will then give the quantity of iron existing 
as ferrosum. . 

Anhydrous ferroso-ferric oxides may be analysed by dissolving them in nitric or 
nitromuriatic acid, and precipitating, the iron as ferric oxide by ammonia. The 
proportions of iron and oxygen are thus determined, whence the formula may be 
calculated. 


Volumetric estimation of iron . — When iron is contained in a solution as ferrous 
oxide or ferrous salt, it ma^ be estimated by determining the quantity of an oxidising 
agent required to convert it into ferric oxide ; if, on the other hand, it is present as 
ferric oiude, the estimation may be made by measuring the quantity of a reducing 
agent required to bring it to the stote of ferrous oxide. 

1. Methods depending on oxidation. —Ihe reagent most generally employed for 
converting ferrous into ferric oxide in volumetric analysis is permanganate of potassium. 
The method of applying it is fully described in the article Analysis, Volumetric 
(i. 263). — If the iron in the solution under examination is present wholly as ferrosum, 
the method is directly applicable ; if, on the contrary, the iron is present wholly or 
partly as ferricum, it must first be brought to the ferrous state by heating it with 
sulphurous acid or sulphite of sodium, or better with a few grains of pure zinc. In a 
mixture of ferrous and ferric salts, the ferrosum may be determined by treating one 
portion with the permanganate directly, and another after reduction of the ferric salt 
in the manner just described. ‘ . . . 

Acid chromate of potassium may also be used for the volumetric estimation of iron, 
and has the advantage of not varying in stren^h, when its solution is kept in well 
closed vessels. The reaction between ferrous oxide’ and chromic acid may be repro- 
Bcnted by the equation : 

2Cr('» + 6FeO « 3Fe*0» + CriO» 

Chromic Chromic 

anhydtide. oxide. 


whence we find that 1 grm. of iron requires 0 8849 grms. of acid chromate of potassium, 
K*0.2Cr0*, to convert it from ferrou.s into ferric oxide. If, then, 8*849 grms. of 
the pure acid chromate are made into a litre (1000 cub. cent.) of solution, 100 cub. 
cent, of this solution will correspond to exactly 1 grm. of iron. The solution of the 
acid chromate is slowly added to the acid ferrous solution till a drop of the liquid no 
longer forms a blue precipitate with red prussiate. (Penny, Chom. Gaz. 1850, 
p. 690.) 

Bunsen (Ann. Ch. Pharm. Ixxxvi. 288) adds to the ferrous solution mixed with 
hydrochloric acid, a weighed quantity of acid chromate, more than sufficient for the 
complete oxidation of the ferrous salt, passes the chlorine evolved on heating, into a 
solution of iodide of potassium, and estimates the quantity of iodine thus liberated by 
the method described under Analysis, Volumbtuic (i. 265). If no ferrous oxide 
were present, 1 at K*0.2CrO’ would give 3 at chlorine,' ^nd therefore 3 at. iodine; 
but as a portion of the chlorine is used up in convertii^ the ferrous into a ferric salt, 
there will be 1 at. less of iodine set free for every 1 aS^n present as ferrous salt 
The quantity of iron x will therefore be given by the forpnla : 


X 


B?0.2CrO»’^ 


^ a (»< - 0 


where p denotes the weight of acid chromate used, and a, n, t* have the same signifi- 
cations as in the article gust cited. 

For the exact estimation of iron in cast iron, iron ores, &c., Mohr uses two titrated 
solutions, one containing 8*786 grms. of the acid chromate in a litre, therefore 1 cub. 
cent, a 0*01 grm. iron ; the second diluted ten times as much, therefore 1 cub. <^Dt. 
a 0*001 grm. iron. A quantity of the substance, containing about 1 grm. of pure iron 
(that is to say 1*06 grm. pig iron, or 2 00 grms. iron ore^ supporing Uie latter to con- 
tain a^ut 60 per cent iron) is then weighed out, and dissolv^ in hydrochloric acid ; 
the whole of the iron in solution is brought to the ferrous state by reduction with zinc, 
dtc. ; the solution is then mixed with 100 cub. cent, of the stronger solution of chromate 
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and the mow dilute eolatkm ie afterf»i*ds added ftom a burette, till the Uaaid no 
longw givee a blue colour with ferrioj^nide of potaeeium. ^ 

Or 1 grm. of the carbuwtted iron is diwolyed in acid, &c.; the solution is mixed 
with 100 cub. cent of the stronger chromate-solution ; and as an excess of the lattw is 
then present, it is titrated backwards with a graduated acid solution of ferroso-ammonic 
sulphate (1 litre of this solution containing 7000 grms. of the crystallised salt 
(NH*)W(S0^)*.6H*0, together with a small quantity of free sulphuric acid, so that 
1 cub. cent. - 0 001 grm. iron!, till a blue colour is produced on addition of ferricyanide 
of potassium. The number of cubic centimetres of this iron-solution used must of wurse 
be deducted, as so many milligrammes of iron. (Mohr, Dingl. pol. X di*. 124.) 

2. Methods depending on ^eductwn.’— Strong (Pogg. Ann. xciv. 498) dissolves the 
metal or ore to be valued in boiling hydrochloric acid ; oxidises, if necessary, with 
chlorate of pot^siura ; dilutes with cold water, after ex^Uing the free chlorine, and 
mixes the solution with excess of iodide of potassium, whereby iodine is set free ': 

iVCP + 6KI - 2FeI* + 6KC1 + I* 

A dilute titrated solution of stannous chloride is then added— whereby the brown colour 
of the solution is rendered lighter— and when only a small quantity of iodine remains 
in the free state, some clear starch-solution; then more stannous chloride, by drops, 
till the blue colour disappears. If the tin-solution has been titrated with acid chro’ 
mate of potassium, the percentage of metallic iron is given by the formula : 

. o_ CG 

A.(K*0.2CfO*) * y * 

wneroc denotes the quantity of acid chromate in 1 c.c. of the standard solution of that 
salt, G the number of cubic centimetres of tin-solution added to produce decoloration, 
g the number of cubic centimetres of the same tin-solution used in determining its 
stn ngth, Cthe number of cubic centimetres of the chrome-solution used to oxidise the 
g cub. cent, of tin-solution, and A the quantity of iix)n or ore dissolved. 

Mohr (Ann. Ch. Pharm. cxiii. 257) after bringing the whole of the iron to the state 
of ferric chloride (by treating the solution of ferrous chloride with artificially prepared 
peroxide of manganese, and boiling to expel free chlorine), adds a small quantity o# 
sulphocyanate of potassium, and then a standard solution of stannous chioride, till the 
red colour disappears, the tin-solution having been previously titrated with a solution 
of pure ferric chloride. Or the solution of ferric chloride under examination is mixed 
with starch and iodide of potassium heated to 60° or 60^, and the standard tin-solution 
n<l(lod till the colour disappears. Frosenius uses a solution of stannous chloride of 
such a strength, that from 50 to 100 c.c. are required to reduce 1 grm. of pure iron 
( 1 003 grm. harpsichord-wire) from ferric to ferrous chloride. He dissolves the iron or 
iron-comi)oundin hydrochloric acid, oxidises with chlorate of potassium, and adds to the 
slowly hut continuously boiling liquid, after all the free chlorine has been expelled, a 
quantity of sbindard tin-solution rather more than sufficient to decolorise it. The 
coohal liquid is then mixed with starch-solution ; and a solution of iodine and iodide 
of potassium (containing about 0 005 grm. iodine in a litre), previously titrated 
ugainst the tin-solution, is added till a permanent blue colour is produced. The quantity 
of this iodine-solution required for the purpose gives the excess of tin-solution pre* 
vwiusly added. i 

In using a solution of stannous chloride for the estimation of iron, it is essential 
that the water with which the iron-solution is diluted be free from air; otherwise a 
txjrtion of the stannous salt will bo oxidised thereby. 

vVhen feiric chloride is brought in contact with hyj^sxdphite of sodium, tetrathionate 
of s^ium is formed, together with chloride of sodium and ferrous chloride, but no 
sulphuric acid : 

Fe*CP -t- 2N8*S*0* - 2Fea» + 2NaCl + Na*S‘0«. 

H>rposulpliUe Tetralblonats 

of sodium. of sodium. 

to this equation, 248 parts ciTstallised hyposulphite of sodmm 
(>a S20*.6H*0) correspond with 162 5 pts. ferric chloride; or 100 pts. iron, present as 
icrncum, require for reduction to ferrosura, 442*9 pts. of the crystallised hyposulphite. 

Mohr {loc. cit.) uses hyposulphite of sodium in the same way as stannous chloride, 
mixing the solution of ferric chloride with iodide of jxitassium, a little bydrochlorio 
jW'Jd and starch-paste, heating it to 50®-60®, and adding the standard solution 
ly^ulphite till the blue colour disappeanL 
I nese reduction-processes may also be used for determining the proportions of ferrie 
ferrotw salt existing in the same solution, one portion of the solution being titrated 
n Its origin^ state, another after all the iron has been converted into ferric s4t: the 
^erence gives the amount of iron existing as ferrous salU 
IIL CO 
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4 . Separation of iron from other elemenif. 
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From all metals of the first group (i. 217), iron is easily^ separated bjr etUphydrio 
acid, which throws down all those metals, leaving the iron in solntion. The ^trate, 
which contains the iron in the form of ferrous salt, must then be heated with nitrio 
acid to oxidise the iron, which may afterwards be precipitated by ammonia. 

The separation of iron from the metals of the second ^up, which are not precipitated 
by sulphydric acid from acid solutions, but are precipitated, together with iron, by 
smphi^ of ammonium from neutral or alkaline solutions, is more difficult 

From manganese (present as manganous salt) and from zinc, iron is most 
effectually separated by succinate or hemoate of ammonium. The solution, after all 
the iron has been brought to the state of ferric salt is mixed with a sufficient quantity 
of sal-ammoniac to hold the manganese or zinc in solution, and very carefully neutralised 
with ammonia ; it is then treated with benzoate or succinate of ammonium, which throws 
down the iron as ferric benzoate or succinate, leaving the manganese or zinc in solu- 
tion. The precipitate is washed, .dried, and ignited in an open platinum crucible, so 
that the air may have sufficient access to it, to prevent any reduction of the iron by 
the carbon of the organic acid. Should such reduction take place, the iron must be 
reoxidised by nitric acid. The success of this mode of separation depends entirely on 
the care with which the acid in the solution is neutralised with ammonia before adding 
the benzoate or succinate. If too much ammonia has been added, manganese or zinc 
goes down with the iron ; if too little, a portion of iron remains in solution. The 
addition of ammonia should be continued till a small quantity of ferric oxide is pre- 
cipitated, and does not redissolve on agitation. The supernatant liquid has then a 
de^ brown colour, the greater part of the iron being still in the solution. 

The separation of iron (as ferricum) from manganese and zinc may also be effected 
by agitating the solution with carbonate of barium (as in the separation of ferric from 
ferrous oxide, p. 383), which precipitates the iron as ferric oxide, leaving the other 
metals in solution. 


According to J. Schiel (Sill. Am. J. [2] xv. 276) manganese may be separated 
from iron by mixing the solution with acetate of sodium, and passing chlorine through 
it, which throws down the manganese as peroxide. 

Zinc may be separated from iron (ferricum) when both are present as acetates in a 
solution containing a sufficient quantity of free acetic, but no inorganic acid, by passing 
sulphydric acid gys through the solution, the zinc being then precipitated while the 
iron remains in solution. If the two metals are combined with any other acid, they 
must be precipitated by carbonate of potassium, and redissolved in acetic acid ; or if 
they are present as sulphates, they may be converted into acetates by decomposition 
with acetate of barium. 


For the methods of separating iron from cobalt, see vol. i. p. 1046. When the two 
metals are precipitated together by sulphide of ammonium, the separation may be 
effected by digesting the sulphides with acetic, as well as with dilute hydrochloric 
acid ; the iron then dissolves as acetate, while the cobdt remains behind. 

Iron may be separated from nickel by the same methods as from cobalt (excepting 
that with nitrite of ^tassium). Nickel may also be separated from iron {ferricum) 
by mixing the solution with a lar^ quantity of sal-ammoniac (20 pts. of that salt to 
1 pt. of nickel), precipitating the iron with carbonate of ammonium^ then heating the 
liquid slowly to the boiling ^int, keeping it at that temperature for some time, adding 
a small quantity of ammonia and filtenng ; ferric oxide then remains on the filter, 
while all the nickel passes through in solution (Schwarzenberg, Ann. Ch. Pharm. 
xcvii. 216). Iron and nickel may also be separated by precipitating the iron as ferric 
oxide with carbonate of barium. For the separation rf iron from cobalt, this method 
is not so well adapted, because a small portion of thdtobalt is apt to be precipitated 
at the same time. ^ 

Uranium may be separated from iron, both beings in the state of sesquioxides, by 
treating the solution with excess of carbonate of ammonium, which precipitates the 
ferric oxide, and retains the uranium in solution. The carbonate of ammonium must, 
however, be quite neutral, as if it contains any excess of carbonic acid, part of the iron 
may be redissolved. To ensure this condition, the carbonate of ammonium should be 
previously boiled, and the solution of the metals, if acid, must be neutralised with 
ammonia till a slight permanent precipitate begins to form ; the solution is then 
to be diluted with water, the carbonate of ammonium added, and the precipitate 
dieted with it for some time before filtering. 

For the separation of iron from cerium, chromium, didymium, lanthanum> 
molybdenum, niobium, platinum and its congeners, tantalum, titaniuniy 
tungsten, and vanadium, see those metals; also pp. 374, 376. 
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Frinn aluminiain, iron in the form of fenio salt may be separated by oanstto 
potash, which when added in tacess, and boiled with the concentrated solution of the 
two salt^ predpitates the iron as ferric oxide, and retains the alumina in solution. 
If the proportion of iron m small (not exceeding 1 pt ferric oxide to 100 alumina), 
this method of separation is sufficiently ei^t ; but when it is larger, a portion of the 
alumina^ always remains with the ferric oxide, and must bo separated by redissolring 
the precipitate in a small quantity of hydrochloric acid, and repeating the treatment 
with potash. With very large quantities of iron, this treatment must sometimes be 
repeated three or four timM before complete wparation is effected. The process may 
be modified by first reducing the ferric solution with sulphurous acid or an alks^ne 
sulphite, and then boiling with potash till the iron is precipitated as dark green 
ferroso-ferric oxide ; but in this way also the separation is not quite complete ; if too 
much sulphurous acid is added, a small quantity of sulphite of aluminium is sometimes 
precipitated on boiling. 

Iron and aluminium may, however, be much more easily separated by means of 
hyposulphite of sodium, which precipitates alumina together with sulphur, leaving the 
iron in solution (i. 155). 

Another veiy good method of separating iron and aluminium is to mix the solution 
with a quantity of tartaric acid, sufficient to prevent the precipitation of the oxides 
•when the liquid is rendered alkaline, then add excess of ammonia, and precipitate the 
iron as sulphide by sulphide of ammonium. The same method serves to separate iron 
from various other metals, e.y. cerium, glucinum, magnesium, thorinum, yttrium, and 
rirconium. 



Aluminium (or glucinum) may also be separated from iron by precipitating the 
alumina and ferric oxide together with ammonia, and igniting a weighed quantity of 
the washed and calcined precipitate in a stream of hydrogen. The iron is then 
reduced to the metallic state, while the alumina remains unaltered. The loss of weight 
gives the quantity of oxygon which was combined with the iron, whence the quantity 
of ferric oxide may be calculated, and the alumina determined by difference. As a 
check on the result, which is especially necessary when the quantity of iron is small, 
the residue may be digested for 24 liours, without heating, in very dilute nitric acid 
(1 pt. acid of spwiflc gravity 1*2 diluted with more than 30 pts. water), which dis- 
solves the iron without atJacking the ignited alumina. A slight loss may arise in this 
process, in consequence of particles of the alumina (or glucina) Ixa'ng carried over by 
the stream of hydrogen (Rivot). Devillo modifies this process by exposing the 
mixture of metallic iron and alumina, obtained us above, to a very strong red heat, in 
a stream of hydrocMoric acid gas, whereby the iron is volatilised as chloride, while 
the alumina renaains unaltered, and may afterwards be weighed ; the iron is then 
determined by difference. Or the iron may also be directly determined by passing 
the vapoitf of boiling hydrochloric acid into the tube and attached receiver, in which 
the chloride of iron is condensed, oxidising the solution of ferrous chloride thus ob- 
tained with niteic acid, and precipitating by ammonia. 

hrom glucina, and from most other protoxides, iron in the form of sesquioxide 
may be separated by precipitation with carbonate of barium (p. 383). 

1‘ rom magnesia, ferric oxide may be separated bv precipitation wi th ammonia after 
addition of sal-ammoniac — better with succinate or wmzoate of ammonium, as already 
dewnbed for manganese {p. 388), or with carbonate of barium. 

rrom the alkalis and alkaline earths, ferric oxide may be separated by am* | 

'monxa ; in the case of the alkaline earths, however, care must be taken not to add | 

moro than a slight excess of ammonia, and to protect the precipitate from the air | 

filtration and washing ; otherwise carbonic acid will be absorbed, and earthy 
wrbonates will be precipitated, together with the ferric oxide, and the precipitates | 

after wiuhing, will appear light-coloured ; it must then be redissolved in acid, and | 

i^precipitated by ammonia. If the solution contains any organic substance, the iron ^ 

. preripitated by sulphide of ammonium (p. 383). • | 

1 recipitation by ammonia serves to separate iron in the ferric state from most of its j 

inorganic salts, e.g. the nitrate, sulphate, &c. From phosphoric or boric add it J 

b« seporat^ by dissolving the salt in hydrochloric add, adding tartaric add in 
•ufflcient ^antity to prevent predpitation by alkalis, then adding excess of ammonia^ 

pi^pitating the Iron by sulphide of ammonium. — For other. methods of analysing | 

pn^hates of iron, see Phosfhobio acid. | 

From arsenic, iron may be separated by precipitation with sutphydrie acid, the H 

J^mte or arsenate of iron being dissolved in hydrochloric add. These salts may also 
^ decomposed in the diy way, by ignition in a stream of sulphydric acid gas, sulphide | 

Of arsenic then rolatilisii^ and sulphide of iron remaining. (See also p. 874.) | 
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6. Assay of Iron ores, 

1. In the wet way,— Tlrom most ferruginous minerals that are actu^y used for th 
extraction of iron, viz. the oxides and carbonates, the iron may be dissolved out b 
boiling with hydrochloric acid, the insoluble residue consisting of quartz, day, &c, 
which may be further analysed by fusion with an alkaline carbonate. 

The add solution generallv contains — ^besides iron — manganese, aluminium, calcium 
magnesium, the alkali -metais, and small quantities of sulphur, phosphorus, arsenic 
silicium, and titanium, and less fiequentfy copper, zinc,^ lead, vanamum, chromium 
molybdenum, and tungsten. These elements majr be detec^d and separated by method 
already described, or to be described, under their respective heads (see also pp. 374- 
376). The last four, together with titanium, may be separated by fusing the pulveri8e( 
ore with a mixture of alkaline carbonate and nitrate, and treating the fhsed mass will 
water, whereby a solution is formed, which may contain titanate, vanadate, chromate 
molybdate, and tungstate of alkali-metal, together with silicate, arsenate, and phosphate 

If the whole of the iron cannot be extracted from an ore by boiling with hydro 
chloric acid, it must be pulverised and fused with carbonate or acid sulfate of alkali 
metal (bisulphate of potash), and the fused mass then dissolved in water or aqueoui 
acid, freed f^m silica by evaporation, and further examined for the above-mentionec 
constituents. 

In the complete quantitative analysis of iron ores, it is necessary to determine th( 
water and car^nic acid. The water may be estimated by igniting the ore in a glast 
tube, and condensing the aqueous vapour by means of chloride of calcium; the carbonic 
acid by the method described under Alkalimetry (i. 119). When either water oi 
carbonic acid is present alone, its amount may be determined by the loss of weight 
sustained on ignition. 

If the percentage of iron in the ore is the only point to be determined, the iron, aftei 
being brought into the ferric state by oxidation with nitric acid, may be precipitated 
by ammonia, or, if phosphoric and arsenic acids are present, by sulphide of ammonium 
after addition of tartaric acid (p. 387). Alumina, if present, must be separated by one 
of the methods already described. All the trouble of these separations may, however, 
be avoided by adopting Fuchs’ method of estimation with metallic copper, which gives 
correct results, provided all necessary precautions are taken to exclude the air, or by 
one of the volumetric methods already described. 

2. In the dry way . — The object of this mode of assaying, which is an imitation, on 
the small scale, of the process which goes on in the blast furnace, is to determine, not 
only the quantity of iron contained in an ore, or rather the quantity that can be 
extracted by smelting, but likewise the quality of the pig iron obtainable, and generally 
also that of the slag. 

10 grms. of the finely-pounded ore are mixed with 3 to 10 grms. of anhydrous borax 
(according to the proportion of the gangue) ; and the mixture is placed in a crucible 
lined with charcoal {premet hrasquk\* and exposed in a powerful air-furnace or a 
portable blast-furnace — Griffin’s blast gas-furnace (ii. 787), for example— to a gradually 
increasing heat, raised at last to whiteness. After cooling, there is found in the 
crucible, if the operation is successful, a well-fused regulus of cast iron, and above it a 
slag composed of borax and the materials of the gangue. The regulus must be care- 
fully freed from slag and weighed. It should have a grey colour without much 
appearance of separated graphite. A large separation of grophite shows that the heat 
has been too great. If the metal is white, it is very fusible and probably contains 
manganese; it is then imperfectly carbonised, or it contains phosphorus, arsenic, or 
sulphur. The slag should not contain either glol|^cs of iron mechanically mixed 
(these, if present, must be separated from the pulvetised sl^ by levigation, or by the 
magnet), or iron chemically combined, which latteiWbndition will be indicated by a 
green colour in the slag. The weight of the regulnz is increased by the carbon which 
it ( ontains, but, on the other hand, a small quantity of iron always remains in the sl^* 
and the two errors thus produced may, for the most part, be regarded as compensating 
one another. 

Sometimes powdered glass free from metal is used instead of borax, to increase the 
fbsibility of the gangue ; or the ore to be assayed is mixed with the same kind of 
that is to be us^ in the actual smelting process — that is to say, with chalk, if the 

* To prepare the«e crucibles, a Hessian or Cornish crucible Is lined with successive lajrers of a 
composed of One charcoal -powder mixed with water, the whole being well stamped adth a voo^ 
pestle. As toon as a layer hat been, well pressed, its surface must be roughened with a knife, se tW 
the next layer may adhere to it well ; otherwise the layers will separate when heated. The cruciow 
having been thus filled with stamped charcoal, the portion which projects over the edge is 
a cavity with rounded bottom is made in the middle, and the sides aud bottom of this cavity are pouM* 
with a rounded glass rod 
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, . jf-i. the amount of water and 

earbomc acid.-~2. By e^au^ing another sample with very dilute nitric acid, to 
determine, by the loss of weight after washing and heating, the amount of ^ter 
carlwnic acif and lime, taken together.~3. By boding with hydrochloric acid till all 
the iron is dissolved out, and weighing the residue, which consists of quarts and clay 
the loss of weight in this expenment, compared with that in the second, irives the 
amount of ferric oxide. 6 ‘•“w 

These Mmts being determined, 10 gnns. of the ore are mixed with such a quantity of 
clay or chalk that the assay may contain 3 pts. chalk to 2 pts. clay (Regnault) A 
certain quantity of fluorspar or borax may likewise be added. For rich ores Karsten 
takes 1 gnn. fluorspar and 1 grm. calcined borax to 10 gnus, of ore ; for tile poorer 
ores 2-5 grmfl. fluor and an equal quantity of chalk ; and for very poor ores, tho^me. 
with 1 grm. borax. » » 

For ores not wntaining sUica, a certain quantity of clay or quartz is added with the 
fluorspar. Or 10 gnns. of ore are mixed with the following proportions of flux : 


Magnetic iron ore 
Specular iron ore 
Ked haematite 
Brown haematite 
Clay iron ore 
Sparry iron ore 


1 

0-5 

2-6 

20 

2*5 to 3 0 
10 


gnn. 

it 

it 

it 

it 

It 


chalk and 

»• 

It 

it 

II 


2-6 

2-6 

2-6 

20 

2*5 to 3 0 
2 0 to 3 0 


gnns. fluorspar. 

»» II 

II II 

II II 

II II 

II II 


If the right proportion of flux has been added, and the proper temperature attained 
a well-constituted regulus is produced (p. 388), together with a good slag, having a 
gry-yellowish or sometimes violet colour, an enamel-like or sometimes glassy aspect, 
and a conchoidal j^ture. If the slag is stony or earthy, yellow, grey, or brown, with 
rough fracture, it is too rich in bases ; too great an excess of lime causes it to cnimble 
easily when touched. If, on the other hand, there is an excess of silica, the slag is 
glMsy, more or less transparent, of green colour (arising from ferrous oxide), and very 
brittle. The resulte of £ successful assay yield the requisite data for smelting on the 
large scale. ® 


6. Atomic Weight of Iron* 

The atomic weight of iron has been determined in several ways: — 1. From the 
wei^t of ferric oxide obtained by dissolving a known quantity of pure iron (harpsi- 
chord wire) in nitric acid, precipitating with ammonia, &c., the small quantity of 
carbon contained in the iron being estimated and allowed for. — 2. From the quantity 
of iron obtained by reducing a known weight of ferric oxide with hydrogen.~3. By 
measuring the volume of hydrogen evolved in the solution of iron in hydrochloric acid. 
—4. From the quantity of chloride of silver obtained by precipitating a known quan- 
tity of pure ferrous or ferric chloride with nitrate of silver. The following table exhibits 
the results obtained by various chemists ; the determinations are arranged in chronolo- 
gical order, and the bracketed numbers indicate the method employed : 


Berzelius* (1) 
Gay-Lussaef * 


» (3) • 

H, Davy} (4) . 

Hvanberg and Norlin J 


. Fe - 27*12 
. Fe - 28-36 
, Fe « 28*27 
Fe - 27*98 
Fe » 27*94 
2) . Fe - 27*99 


Berzelius § (1) . . . Fe « 28*08 

Erdmann & Marchand | (2) Fe 28*01 

Manmonit (1) • • * ; 2^02 

Dumaa** (4) , . . Fe - | 


The number 27*12, deduced from the first experiments of Berzelius, was for many 
reived as the true atomic weight of iron, although Bucholz, some years 
•efore, made a determination of the composition of ferric oxide, which now appears 
to nave been nearer the truth. Berzelius was afterwards led to conclude that his flirsfc 


LI 


were aflfected with an error, arising from the action of the nitric acid on 
fie glass vessel used, and from subsequent experiments, in which platinum vessels 
he obtained the higher number 28*03. The whole number 28, which 
th#r?* the most trustworthy determinations, is now universally adopted as 

fe^^* atomic weight of iron, on the supposition that the metal is univalent in the 
®'*Wi and seequi-valent in the ferric salts, 0 .g* fenous chloride ferric 


<5:^Flisr«i. L 4n. 

•• Ana. Ch. Pharn. cxiii. 96. 


^ Ana. luuc. 16S. 


I Ibid. Ui. »i. 


^ Phil. TrsM. ett. ttl. 


\ Ann. Ch. Fbyi. {i]| xsx. MO. 
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ddoride = If, however, Iron is supposed to be bivalent in the farrous, and 

trivalent in the ferric compounds — which is the view now generally adopted, «.y. 

Ferrous chloride . . FeCl* I Ferric chloride . . . FeCl* 

Ferrous oxide . . . FeO | Ferric oxide . . . Fe*0*, 

then the atomic weight is Fe 66. (See Metals, Atomic Wbiqets of ; also i. 470 ; 
ii. 30.) 

The equivalent of iron, that is to say, the quantity of the metal which replaces 
1 at. of hydrogen, is, in the ferrous compounds, e.g. FeCl*, equal to 28, and in the ferric 
compounds, e.g. Fe^CF, or FeCl*, it is | of 28, or 18|, which number is denoted by fe, 
(See Equivalents, ii. 403.) 

noSTf r&VORZBB8 OF. Ferrous fluoride^ FeF*, is obtained by dissolving 
iron in aqueous hydrofluoric acid, and crystallises by evaporation, or as the solution 
approaches saturation, in small, colourless, rectangular plates containing water, which 
they give off without decomposition when moderately heated. The anhydrous fluoride 
is not altered by ignition, even in contact with the air, but the hydrated salt soon 
turns yellow on exposure to the air, and if quickly heated, oxidises partially, giving 
off hydrofluoric acid. The hydrated crystals dissolve slowly in pure water, more 
easily in acids. Ferrous fluoride forms 'with.* flucride of potassium a soluble double 
salt, 2KI'\FeF*, which separates in granular crystals. (Berzelius.) 

Ferric fluoride^ Fe*F*, is obtained by dissolving ferric oxide or hydrate in aqueous 
hydrofluoric acid, and separates on evaporation in pale flesh-coloured crystals. When 
heated in a platinum crucible, over a lamp urged by a blast, it melts, sometimes 
exhibiting on the surface small cubic crystals of the fluoride, while the fused mass has 
a rose-red colour, perhaps due to the formation of a email quantity of ferric oxide. 

erric fluoride is isomorphous with fluoride of aluminium, somewhat more fusible than 
that compound, and equally volatile. (Devi lie, Compt. rend, xliii. 970.) 

Ferric fluoride dissolves slowly but complete>ly in water, forming a colourless, 
sweetish, astringent liquid. Its solution mixed with ammonia deposits a basic salt, or 
oxy fluoride, which, when dry, forms a rust-yellow powder. 

Mixtures of the solutions of ferric fluoride and fluoride of potassium deposit, on slow 
cooling, colourless, crystalline, sparingly soluble double salts. If the solution of the 
ferric fluoride is added by drops to that of the potassic fluoride, the salt formed is 
2KF.Fe*F*, in the contrary case, 4KF.Fe*F*. (Berzelius.) 

ZROXr-iOBAM'CB. Specular Iron ore. See Ibon, Oxides OF.(p. 385) ; also Iron 
(p. 388). 

ZROir, mOLAXm of. See Iron, Oxides of (pp. 393—399). 

ZROBTi RXORZBB OF. The flame of hydrogen evolved by dissolving iron in 
dilute acids sometimes yields black spots when a cold piece of porcelain is held in it, 
and has hence been supposed to contain a gaseous compound of iron and hydrogen ; but 
Fresenius and Schlossberger (Ann. Ch. Phurm. xliv. 264), and other chemists, 
have shown that these spots are produced by phosphorus, and that the gas, when 
perfectly freed from mechanical impurities, does not produce them. Cameron (Chem. 
News, ii. 181) has shown that no ferruretted hydrogen is formed by dissolving the 
alloy of iron and sodium in acids. 

■\^en ferrous iodide is treated with zinc-ethyl and ether, gas is evolved (consisting 
of hydride of ethyl and hydrogen), and the residue, after washing with ether, yields a 
hydride of iron, mixed with metallic iron, in the form of a black powder, re- 
sembling metallic iron, and decomposing with evolution ^f h^rogen, in contact with 
water, or when heated. (Wanklyn and Carius, Ch. Pharm. cxx. 74.) 

mOlTf ZOBZBBS OF. Ferrous Iodide, Fel*, ol^ned by heating or triturating 
iodine with a slight excess of iron fllings, is a brown X^pound, which melts at a red 
heat, forms a grey laminar mass on cooling, and volatilises at a stronger heat. B 
dissolves readuy in water, and the pale green solution, which may also be formed 
directly bv digesting 1 pt. iron and from 2 to 4 pts. iodine in w^ter, yields, when 
svaporatea in contact with iron, and protected from the air, green deliquescent crystals, 
containing Fel*.6H*0, Both crystals and solution, when exposed to the air, very 
quiskly turn brown, ftom formation of oxyiodide, and separation of ferric hydrate aim 
iodine. Ferrous iodide cannot, therefore, be easiljr kept unaltered, either in the solid 
state or in solution ; it keeps best when mixed with a sufficient quantity of common 
sugar or milk-sugar. For preparing the compound for medical use, Mohr recommends 
that 1 pt iodineBe converted into ferrous itxiide by trituration with iron and 
the filtered liquid mixed with 26 pts. )f simple syrup, and the whole qmckly evapora^ 
down to 25 pts.; 20 pts. of this syrup contain I at. of ferrous iodide. It is best, 


IRON, METEORIC-JRON, NITROSULPHIDES OP. 891 

how*Ter, to prepara th« eoo^ioand flteah emry time it is wanted, which is not difflenlL 
aB the action is very quick. 

The solution of ferrous iodide treated with alkaline carbonates, yields iodides of the 
alkali-metals, and may be used for the preparation of those compounds. 

Ferrous iodide easily dissolves an excess of iodine : on adding 1 at. iodine to 3 at. 
ferrous iodide, a brown solution is formed (containing Fe*I*), which, when mixed with 
carbonate of potassium, yields iodide of potassium and black ferroso-ferric hydrate ; 
it is doubtful whether the brown solution contains iodated ferrous iodide, or a feriMso- 
ferric iodide, analogous to the magnetic oxide. 

Ferric iodide, Fe*I*, is not known with certainty, but appears to be formed when 
iron is heated in excess of iodine-vapour. The resulting compound dissolved in 
water, yields a brown-r^ solution, which reacts like that which is obt^iined by dissolv- 
ing iodine in ferrous iodide, as above, or by dissolving ferrous hydrate in hydriodic acid. 
All these solutions, when exposed to the air, give off iodine and deposit ferric hydrate. 

zmoir, MSraOBXO. See p. 336. 

ZBOV, IZATZVB. See p. 336. 

ZROW ITATROZiZTll. See Natrolitb. 

ZROVf HZTAipDB Ol*. Iron heated to dull redness in a porcelain tube, and 
subjected to the action of ammonia gas, becomes white, brittle, and increases in weight 
by about 12 per cent. The compound thus formed is supposed by Despretz (Ann, 
Chim. Phys. [2] xlii. 122) to be a nitride of iron ; but it has not been analysed, and is 
supposed by some chemists to contain hydrogen. It dissolves in weak acids, with 
evolution of hydrogen and nitrogen, and formation of ammoniacal salts. At a white 
heat it decomjwsed, giving off its nitrogen. Hydrogen, at a rod heat^ withdraws the 
nitrogen, forming ammonia. 

. Sometimes the iron, after ignition in ammonia-gas, is found to be altered in physical 
properties, and yet not to have increased in weight ; in such a case, the combination of 
the nitrogen with the iron is but transient, but nevertheless appears to alter its mo- 
lecular structure. 

Nitride of iron is also produced when oxide of iron is ignited in ammonia gas ; also 
in minute quantity when jiitrogen gas is passed over red-hot iron. (Pelouze et 
Fr^my. Traitk, ii. 452.) 

Respecting the controversy about the existence of nitrogen in steel, see Stebl, 
ZAOar, jrzmosuXPBZBBB or. mtroevlfurts de fer, (Roussin, Ann. 
Ch. Phys. [3] lii. 286.)— Compounds produced by the simultaneous action of nitrites 
and alkaline sulphides on iron-salts. They contain nitric oxide, together with sulphide 
of iron and sulphide of hydrogen or an alkali-raetal, and may therefore perhaps bo 
regarded as analogous in composition to the nitroferricyanides (ii. 260), that is to say, 
as sulphides of iron in which 1 at. sulphur is replaced by 2 at. nitroeyl, NO. They 
contain in fact a disulphide of iron, FeS*, in which the fourth, or sometimes the half, 
of the sulphur may be supposed to be replaced by an equivalent quantity of nitrosyl. 
The analogy of the nitrosulphides to the nitroferricyanides is shown by the fact, that 
when a solution of nitroferricyanido of sodium is completely decomposed by sulphydric 
acid, and the solution boiled and evaporated, the residue contains dinitrosulpnide of 
iron, which may be reconverted into a nitroferricyanide by treating it with cyanide of 
potassium. A mixture of iron-salt and nitrite or potassium yields a nitroferricyanide 
when treated with cyanide of potassium, and nitrosulphide of iron when treated with 
sulphide of potassium. In neither of these classes of compounds can the iron be 
detected by ordinary reagents. 

Dinitrostdphide of Iron, Fo»S‘H*(NO)« - Fe*S«(NO)*Fe8(NO*)».H»S, or Fe»S« 
(NO)\H*S. — ^This compound is prepared by dropping a solution or feme chloride or sul- 
phate, with constant stirring, into a mixture of the solutions of nitrite of potassium and 
sulphide of ammonium, heating the liquid to boiling, keeping it at the boiling heat for a 
few minutes, and filtering to separate sulphur ; the deep-coloured liquid deposiu crystals 
of the compound on coohng. — Or 86grms. ferrous sulphate dissolved in 0*2 litre of de- 
aerated water is added to a solution of 21 grms. dry nitrite of potassium, and 16 grms. 
^stallised sulphide of sodium also in 0*2 litre of water, and the solution is boiled and 
filtered. When a ferrous salt is used in the preparation, no separation eff sulpbnr 
crystals are purified by recrystallisation. 

Hinitrosulphide of iron forms black, needle-shaped, oblique rhombic prisms, 2 mnu 
soluble in hot (about 2 pts.) than in cold water, easily soluble in alcohol, 
w^'Spirit, amylic alcohol, and glamal acetic acid ; they dissolve in all proportions in 
ether, and deliquesce even in ether-vapour, solutions are very aeep-colonred, 
styptic at first, then persistently bitter ; they remain unaltered in air containing 
Mid mw be reciystallised from alkaline solutions. When heated to lift® — 
they give off reddish vapours, t(^eCher with sulphur, sulphite of ammoiriitnL and 
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nitrite of anunoiiiniii, and leave iron in the reridue ; when quickly hea(^ they burn 
away* The compound is easily decomposed by mineral acids, with evolution of j^dish 
vaponri, not by organic acids. Chlorine and iodine decompose it, with evolution of 
nitric oxide and separation of sulphur. It is precipitated from solution by potash and 
ammonia, much more slowly by soda. The crystels are decomposed by ^rmanganate 
of potassium, peroxide of lead, and mercuric oxide. Many metallic salts precipitate 
the rolution, with elimination of nitric oxide. Cyanide of potassium and cyanide of 
mercury convert the crystals into nitroferricyanides. 

The crystals are not decomposed by sulphide of ammonium, sulphydric acid, ferro- 
or ferri-cyanide of potassium, or tannic acid, neither of these reagents giving any 
indication of the presence of iron in them. Neither are they decomposed by caustic 
potash or soda in the cold, but when heated therewith, they give off ammonia gas and 
yield ferric hydrate, together with a filtrate which deposits the following compound. 

Sulphuretted Nitroeulphide of Iron and Sodium, Fe*Na*N*S*0* or Fe*S*(NO)*.3Na*S. 
— This compound forms large black crystals having a very bitter taste, easily soluble in 
water and in alcohol, but insoluble in ether. The crystals decompose at 120° ; their 
solution is decomposed, with evolution of nitric oxide, by chlorine, iodine, or mercuric 
oxide. It forms precipitates with metallic salts, the reaction being in some cases 
atttujded with evolution of nitric oxide. The solution yields crystalline compounds on 
addition of potash or ammonia, but is not altered by caustic soda ; the crystals are 
not altered by sulphide of ammonium or ferrocyanide of potassium, but with ferricyanido 
of potassium they yield nitric oxide gas and prussian-blue. 

Sulphuretted Nitroeulphide of Iron and Hydrogen, Fo^H"N*S^O* =» Fe'‘S*(NO)*.4H*S(?), 
separates in reddish flocks, when the preceding compound is decomposed by acids, but 
gives off sulphydric acid and suffers further decomposition, even during washing. 

Nitroeulphide of Iron, Fe*S*N*0’ or Fe^S’(NO)^ separates, with evolution of sul- 
phydric acid, when sulphuretted nitrosulphide of iron and sodium is decomposed by an 
acid at the boiling heat. It is a black subsUince, which when freshly prepared and 
dried, burns away like tinder, when set on fire. It decomposes spontaneously, leaving 
sulphide of iron. It is insoluble in water, alcohol, and ether, but dissolves in caustic 
potash, with partial decomposition and separation of ferric hydrate. 

Nitroeulphide of Iron and Sodium, Fo*Na»N*S^O^H^O - Fe2S«(NO)».Na'*'S.ir*().— 
Formed by evaporating a solution of nitrosulphide of iron in sulphide of sodium at 
100°, and treating the residue with alcohol and ether. Crystallises in red prisms, 
black by reflected light; dissolves with deep red colour in water, alc*ohol, and ether, but 
is insolubltf in chloroform and in sulphide of carbon. The solution is preeipitiited by 
metallic salts, forming insoluble compounds in which the sodium is replaced by the 
other metal. Some of these precipitates are tolerably permanent, whereas others, the 
•Aver precipitate for example, decompose quickly, with evolution of nitric oxide. 

XXOlf OHMS* The ferruginous minerals containing sufficient quantities of iron 
to be available for the extraction of the metal, have already been described (pp. 337 — 
843). For the methods of assaying them, see p. 388. 

The following mineralogical terms must here be noticed. 

Argillaceoue or Clay Iron Ore. — This term is aj>plicd to several ores consisting of 
oxide or carbonate of iron mixed with clay. The argillaceous carbonate is called sim- 
ply “clay iron-stone anhydrous and hydrated ferric oxides with a similar admixture, 
are calle<l “red clay iron-stone,” and “brown or yellow clay iron-stone,” respectively. 

Azotomoue Iron Ore, or Kibdclophane. A variety of ilinenite or titaniferous iron 
ore. (See Titanatbs.) 

Bog Iron Ore. — A brittle or loosely aggregated variety of brown hsamatite, occurring 
In low marshy grounds. It proceeds from the decomposition of otlj^r species and often 
takes the form of leaves, nuts, or stems, found in the marshy soikE ^ 

Brown Iron Ore. — Hydrat^ ferric oxide (p. 338). 

Columnar Iron Ore. — Eed clay iron stone, having a columnar structure. 

Green Iron Ore. — Hydrated ferric phosphate. (See Dufrenitb, ii. 347.) 

Jaspery Iron Ore. — A variety of red clay iron ore, havingalarge, flat conchoi'dal fracture. 

LenHeuIar Iron Ore. — A variety of red clay iron-stone having a flat granular structure. 

MagneUo Iron Ore. — Ferroso-ferric oxide (pp. 337, 397). 

Micaceous Iron Ore. — Specular iron ore with a micaceous structure. 

Oekreout Iron Ore. — Bed hsematite, having a soft earthy consistence. 

Octakeehral Iron f>rf,--Syn. with magnetic iron ore. 

Pitel^ Iron Ore. — ^A variety of red Iwmatite. 

Bed Iron Ore. — ^Native ferric oxide (p. 337). 

Sparru or Spathic Iron Ore. — C^tallised ferrous carbonate (1. 785). 

MMdKMr Iron Ors.— Red hmmatite having a perfect metallic lustre (pp. 338, 894 ). 

TBan\feroua Iron Ore.. — ^Ferric titanate. (See Titanatbs.) 
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tB09t OXillMI OV. Iron forms two oxides oorresponding with the chlorides, 
ris the protoxide or ferroue oxide, FeO, the eeequioxide or ferrio oxide, Fe*0*, and 
lereral omdes of intermediate compcwition, caU6d/«m«<)-/errw oxides, which may be 
!Larded as compounds of the two just mention^ : the most important of these is 
^i^^Lianetio ox^, Fe*0<-Fe0.Fe*0». A trioxide, FeO*, may be supposed to exist 
in theforrates (ii. 636) ; e.g, ferrate of potassium, K*FeO* « K*O.FeO*, but it has not 
been isolated. 

rerroua oxide, FeO, is never found in nature in the free state, but may be 
BUDDOsed to exist, in combination with carbonic anhydride, as ferrous carbonate 
rFeOO* “ FeO.CO*) in spathic iron '>re, and jn solution in chalybeate waters ; also 
combined with ferric oxide in magnetic iron ore. It is not easily obtained in the pure 
state on account of the avidity with which it absorbs oxygen. According to Dobray, 
it is obtained by passing a mixture of equal volumes of carbonic anhydride and carbo- 
nic oxide over red-hot ferric oxide. According to L i e b i g, it is obtained, mixed with a 
little metallic iron, by igniting ferrous oxalate in a close vessel. The impure ferrous 
oxide thus obtained is a black pyrophoric powder, which in contact with the air 
quickly takes Ere, and is converted into ferric oxide. 

Hydrated Ferrous Oxide, or Ferrous hydrate, is obtained by precipitating 
the solution of a pure ferrous salt, perfectly free from air, with potash-ley, also free from 
ftir in a vessel Elled with de-aorated water. The hydrate is then precipitated in white 
tiocks which must be washed by decantation with recently boiled water, then dried and 
preseired in an atmosphere perfectly free from oxygen. Schmidt (Ann. Ch. Pharm. 
xxxvi 101) by a very careful preparation thus conducted, obtained the hydrate as a 
non-magnetic, very friable mass, having a pale greenish colour, probably arising from 
partial oxidation. When exposed to the air, even in the dry state, it quickly absorbs 
oxygon becoming strongly heated, oven to ignition, and is converted into ferric oxide. 
In* the moist state it is converted by oxidation, first into greenish ferroso-femc, then 
(luicklv into brown ferric hydrate. It reduces iodic acid, also platinum- and morciiry- 
Hiilts. It dissolves, according to Bineau, in 150,000 pts. of water, forming an alkaline 
liquid. It dissolves easily in acids, forming ferrous salts, and absorbs carbonic 
anhydride quickly, oven in the dry sUte, so tliat it cannot bo dried in an atmosphere of 
that gas. 

Ferrous sa/fs.— Ferrous oxide and hydrate dissolve in acids, forming salts m 
wliich the iron is mono- or di-atomic, according as its atomic weight is 28 or 56 ; eg, 

FoO + 2HC1 - H*0 + FoCl* 

FcO + II’SO* = II’O + FeSO‘. 

Tl.o Holuble ferroDB salts are likewise produced by dissolving iron in dilute acids. The 
ii.Boluble ealU, e.g. the carbonate and phosphate, are obtained by precipitation. The 
carlH.nate is of frequent occurrence as a natural mineral (p. 

Most ferrous salts are soluble and crystallisable, white in the anhydrous, pale 
Rreonish-blue in the hydrated state. The solutions are green or greenish-hlue. have a 
sweetish tasto, with inky after-taste, and qumkly absorb oxygon from the air yie d ^ 
a vcllow-brown deposit of basic ferric salt, because the quantity of acid in the solution 
is n.it sufficient to form a normal ferric salt, inasmuch as iron is f^c. 

and only bivalent in the ferrous salto ; Uius ferrous sulphato yields by oxidation a basis 
ferric sulphate, or oxysulphate containing only 2 at. SO , 

2(Fe0.80*) + O - re*0*.2SO*, 

or 


2FeSO* 


Fo* 


<280* 

O, 


f^hereas the soluble normal ferric sulphate has the composition Fe*0*.8SO* of 

^"r^e ferrous salts which contein a volatile acid, give it up on ignition, leaving a 
resid^ of^c oxide, if the acid, such as sulphuric or mine acid, gives up its oxygen 
readily • of ferroso-ferric oxide, if the acid, such as carbonic acid, retains its oxygen 
more folrcibly ; and of metallic iron, either pure or mixed with ferrous oxide, if the acid 

'* F^the reactions of ferrous saKs in solution, see p. 881. 

?“zzuS^' B . .K, 4. » . ip i”™. "'ririS “..isS 
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wrida may be obtained in smaU crystak by d^mpoeing feme chlon^ inth 
lime at a red heat (DanbrA, Compt rend. xlix. 143); m micaceoue la^ bv hei^i^ 
tSamorpboneoaide with borax, and treating the maee with hyd^hlonc 

«m^d (Haner,Wien. Akad.Ber.xiiL 466), or by metog tbe am^hous oxide ^th 
chloride of calcium (Kuhlmann, Compt. wnd. 1 il 1283). Rhom^edr^or laminar 
cmtale of ferric oxide are likewise obtained bv ignitmg the amorphous oxide m a slow 
^rent of hydrochloric acid gas. (Deville, Coiript wnd. lu. 1264.) 

When equal parts of ferrous sulphate (green vitnol) and common salt are heated to 
redness wd the product exhausted by washing, feme oxide remains in red-brown 
ahhiinirMales. When pulverulent ferric oxide is ignited with sal-ammoniac, part of it 
bocomL ciTstaUine, while another portion volatilises as fernc chlonde. 

Ferric oxide is obtained in the amorphous state by igniting ferrous sulphate with ^ 
nt of saltpetre, and lixiviating the product; by dissolving iron m nitnc acid, evapo- 
Mtinir and heating the resulting nitrate to redness ; also by deflagrating iron flhngs 
with saltpetre. In the distillation of fuming sulphuric acid from green vitnol, a residue 
of impure ferric oxide is obtained, formerly known as Caput mortuum mtnoh. Amor- 
phous ferric oxide is usually prepared for pharmaceutical use by igniting ferric hydrate 
or ferrous carbonate in contact with the air ; the preparation thus obtained is called 
Crocus Martis adstringens or Ferrum oxydatum rxibrum. Very pure ferric oxide may 
bo prepared by heating ferrous oxalate in contact with the air ; the salt then takes tire 
and is completely converted, without farther heating, into ferric oxide. (A Vogel.) 

Ferric oxide prepared by either of the latter methods, is amorphous, and has a brown- 
red, red, or nearly black colour, according to the particular mode of preparation adopted. 
It 18 vely hygroscopic, not magnetic, very hard, and is therefore used as a grinding 
and polishing material. The spesific gravity of the artificially prepared oxide is 6 04 
to 6-17 (H. Rose, Fogg. Ann. Ixxiv. 440); that of red hcematite and sp^ular iron ore, 
from 4*6 to 6 3 ; of some columnar varieties as low as 4-2 ; that of martite fi*om Peru, 
3-80 ; from Puy de Dome, 4-66 ; from Brazil. 4*80 (Brei thau pt) ; from Monroe, New 
York, 6*33 (Hunt). Hardness of haematite and spi^culur iron ore = 6-5 to C-6; of 
martite ■■ 6. The cubic expansion of ferric oxide «= 0 00004 for 1° C. (Kopp). 
Ferric oxide is not volatile, but at a full white heat it gives off oxygen, and is partially 
converted into ferroso-ferric oxide, which is attracted by the magnet. 

Ferric oxide is reduced to the metallic state iy hydrogen gas, at a heat even Mow 
redness, and completely at red heat hy charcoal or carbonic oxide, also by ammoma gas. 
When ignited with sulphur, it yields sulphurous anhydride and a sulphide of iron. 
It easily gives up its oxygen when ignited with combustible bodies, but takes it up 
again when heated in contact with the air: hence it facilitates the combustion of 
organic bodies, and may be used for incinerating them (Grager, Ann. Ch. Pharm. 
CXI. 124). Even at ordinary temperatures, it frequently acts as an oxidising agent in 
contact with organic matter, and is thereby reduced to magnetic oxide, or even to 
ferrous oxide, and then, by taking up carbonic acid, converted into spathic iron ; the 
reduced oxide, if in contact with moisture, is frequently also reconverted into ferric 
hydrate (limonite or brown htematite) by atmospheric oxidation. The oxide is also 
sometimes fur^er reduced by the action of aulphydric acid, and converted into pyrites: 
hence magnetite, limonite, and pyrites often occur as pseudomorphs after red hsematite. 
According toKuhlmann (Compt. rend. lii. 1169), it easily converts stdphide of cal- 
cium into gypsum at the expense of atmospheric oxygen; the ©^sulphide of calcium 
of the soda-residues mixed with an equal weight of ferric oxide (the residue of the 
burning of pyrites), forms a very useful cement, which hardens quidtly in contact with 
the air. ^ 



ing as ferrous chlonde. 

Ferric oxide, on account of ite hardness, is much used as a ending and polishing 
material. A very hard compact kind of red hsematite, ^led bloodstone, forms, 


^ ^ ^ harpenii _ 

^ents, imS for grin^ng and policing glass for imrrors and lenses. According to 
Vogel (DingL pol. J. cxxxii. 276X the oxide obtained by the combu^ion of 
oxalate (p. 898) is peculiarly adapted for these purposes. That whi<^ is ^e|>ared 
by igniting green vitriol in crucibles is also much used, the lewt calcined portion^ 
indtk are of a acmdet colour, forming jewelUf's rouge for polishing gold or 
the more calcined portions^ which are bluish or purplish, filming the crocus which 
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if niMd Ibr bitw and steel. Lord Rosss prepares lenk ocdde ftft 

i-jf the speeola of Bs telescopes, by precipitatiii|; a pare dilute solution of VNnrous 
^phate ^th ammonia, pressing the washed precipitate in a screw*pre8S till neariy 

dry and exposing it to a heat which appears duU red in the dark. (QeeWiJHetitmary 

o/Art9, iii. *69-) , . . , ^ , j i . . « 

Ferric oxide is also used as a colouring material for glass and porcelain, especially 
the latter; it yields a fine purple-red, or when more strongly heat^ an orange-yellow 
enamel colour, the tint produced depending essentially on the mode of treatment ; 
according toBontemps (Phil. Mag. [4] xxxr. 489), ferric oxide may be made to 
colour glass with all the tints of the spectrum, according to the degree of heat applied. 

Hydrated ferric oxide, or Ferric hydrate, occurs abundantly in nature, either 
crysteUised as gbthite or needle iron ore (ii. 940), or in stellate groups of needle 
or fibres, as xanthosiderite, or more frequently in stalactitic, botiyofdal or mmmil- 
lary forms, having a fibrous or subfibrous structure ; idso mi^ive and occasionally 
earthy as brown hmmatite or limonite; also mixed with clay, as brown er 
yellow clay iron-stone (pp. 338, 339). It is the colouring principle of numy 
minerals, of ochre, of the deposit of mineral waters, of yellow sandstone, Turkish 
umber, &c. It is formed by the precipitation of ferric s^ts with alkalis or alkdina 
carbonates ; also when ferrous salts are precipitated in like manner, and the precipitaU 
iii exposed to the air; and by the rusting of iron, which takes place when the metal is 
exposed to moist air, and is accelerated by contact with small quantities of acids, and 

of various saline solutions, especially ammoniacal salts and urine. 

Ferric hydrate is most easily prepared by precipitating a moderately dilute solution 
of ferric chloride with excess of ammonia (with a smaller quantity, a basic salt would 
be thrown down) ; it is apt, however, to retain small quantities of ammonia, to remove 
which it must be washed several times with water, then <^ied, and washed completely 
after being reduced to powder. This precipitate formed in the cold (the Ferrum 
datum fuSmm of the pharmacopmias) has the composition Fe*0*.2H*0, according to 
G m ol i n (Handbook, v. 198) and Lefort (J. pr. Chem. liv. 805) ; Fe»0*.8H*0, accord- 
ing to Wittstein (Pharm. Centr. 1853, p. 867); or 2Fe*0».3H»0, according to P6an 
do Saint-Gilles (Ann. Ch. Phys. [3] xlvi. 47), the proportion of water doubtless 
varying according to the degree of dilution, the mode of precipitation, and the tera- 
T)er.iture to which the hydrate has been exposed in dnring. The hydralo procipitat^ 
from hot solutions is Fo’0«.2H*0. (Le fort ; Schaffner, Ann. Ch. ^bam. li. 117.) 

Native ferric hydrates are also of .various composition. Gothite is he’O.UO; 
limonite, 2Fe*0*.3H*0 ; xanthosiderite, Fe’0».2H»0 ; and a variety of bog iron ore 
(called (^Uerx) from Nischnei-Nowgorod in Russia, consists, according to Hermann 
(J. pr. Chem. xxvii. 63), mainly of Fe’0*.3H’0. 

Ferric hydrate has a light yellow to dark brown colour, and is sometimes a loose 
earthy powder, sometimes a heavy friable mass, according to the mode of pre|»ration. 
When recently precipitated, it is easily soluble in acids, but its power of unitinp: with 
acids is diminished by drying, and frequently even by prolonged immersion in liquids. 

A remarkable insoluble modification of ferric hydrate is produced by boiling the 
oixiinary yellow hydrate, 2Fe*0*.3H*0 (precipitated from the chloride by ammonia), 
in water for seven or eight hours. The colour then changes from ochro-yollow to 
brick-red, and the hydrate thus altered is scarcely actod upon by strong boiling nitric 
acid, and but very slowly by hydrochloric acid. In acetic acid, or dilute ndric or 
hydrochloric acid, it dissolves, forming a red liquid, which is clear by transmitted, 
but turbid by reflected light ; is precipitated by the smallest quantity of an alkali- 
salt or a sulphate ; and on addition of strong nitric or hydrochloric acid, yields a red 
granular precipitate, which redissolves on diluting the liquid with water. The modi- 
fied hydrate does not form prussian blue with ferrocyanido of poUissium and acetic 
acid. It appears to consist of Fe*0».H*0. This insoluble hydrate is hkoynoe prwi- 
pitated whefiTsolution of the ordinary hydrate in acetic acid is rapicUy boiled. The 
same solution, if kept for some time at 100° C. m a cl^e vesst*!, becomes light in . 
colour, uo longer forms prussian blue with ferrocyanide of po^sium, or exhibits any 
deepening ofrolour on addition of a sulphocyanate ; strong hy^hlonc or nitnc amd, 
or a tra^of an alkali-salt, or sulphuric acid, throws down all the f^c oxide in ^e 
form of the insoluble hydrate. (P^an de 8ai n t-Gilles, Ann. Ch. Phvs. [8] xlvi. 47.) 

Ferric hydrate gives off part of its water between 80^ and 100®, and the whole at a 
red heat; ft is also completriy dehydrated by heating it to 160O-2(K)o, with a satu- 
rated solution of chloride of calcium or chloride of sodium. (Sen armont.) 

Ferric hydrate easily gives up part of its oxygen to 
reduced by sulphurous acid, stannous chloride, &c. In con^ with putrefying 
organic b^ies, out of contact with the air, it forms ferroso-feme compounds,^ 
ferrous carbonate ; but if the air has access to it, it quickly recovers tha oxygen which 
it has given up to the putrefying substance, and can then again exert an oxidising 
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action, thna acting as a carrier of oxjgen from the air to the oxganic body: hence it 
accelerates the oxidation of woody fibre in the soil. (Knhlmann, J. pr. Chem. 
Ixxxi. no.) 

FerHc hydrate is rarely used alone in medicine ; but in the recently precipitated 
state, it acts as an antidote to arsenic, as, when given in sufficient quantity, it forms a 
hi^ly basic ferric arsenite, very difficultly decomposible by water. 

Ferric hydrate unites with colouring matters, and easily fixes itself on many organic 
bodies, especially on tissues : hence its use as a mordant, and the formation of iron- 
mould on linen, cotton, &c. Such spots may be removed by oxalic acid, or acid oxalate 
of potassium, the action being greatly accelerated by contact with metallic tin. 

Ferric ealte , — In these salts, the iron may be regarded as trivalent, or the group 
Fe* as sexvalent, e,g. the chloride, Fe*Cl*; the nitrate, Fe*(NO*)«; the sulphate 
Fe*(SO*)*. (The oxygen-salts may, of course, be regard^ as compounds of ferric 
oxide with anhydrous acids, e.g. the nitrate, Fe*0*.3N»0», the sulphate, Fe*0*.3S0*.) 
Accordingly, it requires three molecules of a monobasic acid, such as nitric acid to 
form a normal salt with one molecule of ferric oxide. * 

The normal ferric salts are for the most part soluble in water, and difficult to crys- 
tallise ; some of them are deliquescent. They are mostly analogous in composition to 
the salts of aluminium, and frequently isomorphous with them ; this correspondence of 
form and composition is most conspicuous in the alums ; thus ferrico-potassic sulphate 
FeK(S0<)M2H*0, is isomorphous with common alum, A1K(S0*)*.12H’0. 

Soluble ferric salts are obtained by dissolving ferric oxide or its hydrates in aqueous 
acids, or by oxidising ferrous salts with nitric acid, adding the quantity of acidi^uired 
to form a normal ferric salt ; e.g , : 

2FeSO< + 0 + H*SO« - Fe«(SO«)» + H*0. 

The insoluble salts are obtained by double decomposition. 

Ferric salts are white in the anhydrous, yellow or yellowish-red in the hydratcni 
state. The solutions have also, for the most part, a yellowish-red colour, eepwially 
when heated ; the solutions of the nitrate and fluoride, however, are colourless ; that of 
the chloride is brown-red, and those of the acetate, mcconate, and sulphocyanato are 
blood-red. 

The presence of free hydrochloric acid in a solution of ferric chloride changes the 
colour of the solution to orange yellow ; this coloration, like that of other acid solu- 
tions of ferric salts {e.g. ferric sulphocyanate), is completely destroyed by addition of 
a sufficient quantity of phosphate of sodium ; on the other hand, the colouring power 
of ferric chloride, in presence of an excess of strong hydrochloric acid, is very great, 
the bright yellow colour of commercial hydrochloric acid, for instance, being caused 
by a quantity of ferric chloride too small to impart a perceptible colour to the liquid 
when somewhat diluted with water. ^ 

Feme oxide has a great tendency to form basic salts, which may be regarded as com- 
pounds of the normal salts with excess of ferric oxide ; thus, besides the triacid or 
normal sulphate, 

Fe*0*.3S0* • r‘o2(SO*)» * 1 0«, there are several basic sulphates, viz. 


Sexbasic, 

6Fe*0».S0» = 

S?)’ 1 
F>j 

Quadribasic, 

4Fe*0*.S0» « 

s6» ) 

Fe* ■ 

Tribasic, 

3Fe*0*.S0* - 

gb« 

Dibasic, 

2Fe«0».S0» » 

s6’ 

fe* 

Monobasic, 

Fe*0".S0* « 

86’ 

Sesquiaoid, 

1 

i 

1 

(Sb*)’ 

V.* 

Diacid, 

Fe»0».2S0* • 

i 


- — - v—'' / 


0'»or8Fe»0*J 
O’ or 6Fe’OlF^(SO*)* 

O’ or 2Fe’0*.Fe»(S0‘)* 

0* or 2F6K)*.2 [Fo’(SO’)*] 
or Fe’O* 2[F«^(S0’)*J 
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Most of these basie salts aie insoluble in water, and are precipitoted on heating a 
mndeiaieljr dilute and nearly neutral solution of the corresponding normal salt 
ferric acetate), or on adding to the solution of a normal ferric salt, a quantity of alkali 
not sufficient to precipitate the whole. 

Ferric salts conUining volatile acids aro decomposed by ignition, leaving a residue 
of ferric oxide, ferrous oxide, or metallic iron, according to the nature of the add 
present. For their reactions before the blowpipe and in solution, see page 880, 

faiTOSO-fenio Oxides and Bjdrates. — The term ferroso-ferric is applied to 
oxides of iron which are intermediate in composition between ferrous and ferric oxide, 
and may be regarded as compounds of the two. The principal of these intermediate 
oxides are the scale-oxide and the magnetic oxide. 


a. Scale oxidet Fe*0* » 6FoO.Fo*0*. — When iron is heated to redness in the air, 
two layers of scale oxide are formed, which may easily be separated. The inner layer, 
6Fe0.Fe*0*, is blackish-grey, porous, brittle, and attracted by the magnet. The outer 
layer contains a larger quantity of ferric oxide, but in variable proportion ; it is of a 
reddish iron-black colour, dense, brittle, yields a black powder, and is more strongly 
attract^ by the magnet than the inner layer. The amount of ferric oxide in the 
outer layer is between 32 and 37 per cent., and on the very surface it is as much as 
52*8 per cent (Mosander, Pogg. Ann. vi. 35 ; also Schw. xlvii. 81). The specific 
gravity ofthesctile-oxide is 6-48 (P. Boullay). Berthi or (Ann. Ch. Phys. [2] xxvii. 
19 ; also Schw. xliii. 319) regards the scale-oxide as 4Fe0.Fe*0* ; Mosander attributes 
the greater amount of ferric oxide found by Berthier to the fact of Berthior having 
analysed the inner and outer layers together. 

/8. Magnetic oxide^ Fe*0* ■* | “ FeO.Fe*0*. — This oxide occurs abun- 

dantly as a natural mineral, and is one of the richest and most valuable ores of iron, 
containing, when pure, nearly 72 percent, of the metal (p. 337). It occurs in mono- 
metric crystals, the dominant form being usually the octahedron, sometimes the rhom- 
bic dodecahedron, these forms being modified as in figures 194, 196, 190, 199, 
200, &c. (Crystalloouapht, ii. 129, 130); twins also occur, like figure 319 (ii. 160). 

It is isomorphous with spinel gahnite, zeilanite, 

franklinite, chrome-iron ore, other minerals in which the 

bivalent radicles, Mg, Zn, Fo, and likewise the sexvalent radicles Al*, Fo*, Cr*, replace one 
another in various proportions, or into which other diatomic pietals enter in various 
proportions’, eg. calcium, Ca, with magnesium in pleonast and chlorospinel. Cleavage 
octahedral, more or less distinct. The dodecahedral f»vces are commonly striated, 
parallel to- the longer diagonal. Much more fretjuently, however, it occurs massive, 
with granular structure (p. 336). 

Ferroso-ferric oxide, Fe*0*, is produced when iron is heated to redness in aqueous 
vapour (Regnault, Gay-Lussac); when ferrous chloride is heated to low rt*dnesi 
with excess of carbonate of sodium (Liebig and Wohler, Pogg. Ann. xxi. 682) ; also 
according to Mitscherlich (Pogg. Ann. xv. 622), when iron is burned in oxygen-gas 
or before the blowpipe. It is obtained crystallised in octahedrons, by igniting fcrroso- 
ammonic chloride in contact with the air (Hauer, Wien. Akad. Ber. xiii. 466); also, 
together with ferrous' chloride, bv heating ferrous oxide in a slow sfrctam of hydrochloric 
acid gas (He ville, Compt. rend. liii. 199) ; by fusing ferric phosphate with 3 or 4 times 
its weight of sulphate of sodium (Dcbray, ibid. Hi! 986) ; and by heat ing feirous sul- 
phate with chloride of calcium in covered crucibles (Kuhlmann, Una. Hi. 1288). 
Deville and Caron {Vnd. xHv. 764), by heating ferric fluoride with boric anhydride ‘ 
out of contact with the air, obtained the magnetic oxide in long needles, made up of 
aggregates of regular octahedrons. Ebelmen obtained crystalline magnetic oxide by 
the action of heat on ferrous siHcate. Artificially prepared ferroso-ferric oxide 
however, most frequently a black mass, which yields an iron-black powder, and is 
attracted by the magnet ^ ... r • j 

Many metallnrgic products also contain ferroso-femc oxide, either free or combined 
with silica— refinery-slags for example, according to Plattner (Ann. Ch. ITjami. 
XX. 283). The iron plates which are laid beneath the hearths of iron-smelting furnaces, 
and are expoeed to a red heat, are sometimes, in the course of 6 or 10 years, ^pletely 
converted, by the moisture of the soil into m^etic oxide, partly crystalline, partly 
compact^ and attracted by the magnet (but not itself magnetic). ^ The same eompouDd 
is fiormed on the under side of the rednii^ hearths, where the iron comes in contact 
with aqueous vapour. (Koch, Ueber krgetall, HiUtenfrodwte^ p. 17.) 
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y, Crjstalllged fenoui earboDAte, ignited in dosemsels, jielda fiKtoso-ferriconde, 
eonsieting, according to Kr&mer, of FeO.Fe^* ; according to BSberelner, of 
8FeO.Fo*0* ; according to Glasson, of 4Fe0.Fe*0*, the composition of the pridnct 
being doubtless influenced bv the rapidity of the heating. 

8. The old phannat eutical preparation called Mtkiopa marUaliSt is a thnoso^ferrio 
oxide, or mixture of ferrous ana ferric oxides in rarious proportions, obtained by 
oxidising iron in a current of aqueous vapour, or by partially educing ferric oxide by 
ignition with iron fllings, or with a quantity of oil just sumcient to make it into a 
moist powder ; the preparation obtained by this last method always contains carbon. 

Ferroso-fem'c oxide is easily reduced to the metallic state by ignition with hydrogen, 
charcoal, carbonic oxide, or ammonia-gas. When ignited in the air, it is converted 
into ferric oxide. 

Ferroao-ferrio Hydrates. — These are compounds of various composition, 
obtained by the partial oxidation of ferrous, or reduction of ferric hydrate, by pre- 
cipitating mixtures of ferrous and ferric salts with alkalis, and by the oxidation of wn 
in contact with air and water. 

a. Dingy-yreen Hydrate. — By exposing white ferrous hydrate to the air for a short 
time — or by precipitating a mixture of a ferrous salt and a small quantity of ferric salt, 
with potash or ammonia — a dingy-green hydrate of ferroso-ferric oxide is obtained, 
which, on further exposure to the air, is quickly converted into rusty-brown ferric 
hydrate. 

Black Hydrate. — 1. This hydrate, which has nearly the composition FeO.Fe*0* 
-harH*0, is precipitated from a solution of magnetic oxide in hydrochloric acid, or 
from a mixture of equivalent proportions of ferrous and ferric salts, on the addition 
of potash or ammonia. The yellow solution of magnetic oxide in hydrochloric acid 
yields, with ammonia, a brownish-black precipitate, which is magnetic even while in 
the liquid, so that it collects round a magnet dipped into that liquid. It may bo 
washed on the filter without becoming more highly oxidised (Liebig and Wohler, 
Pogg. Ann. XXI. 583). — 2. The same precipitate is obtained by mixing ferrico-ammonic 
sulphate with ferrous sulphate, in such proportion that the ferric oxide present in the 
mixture may contain three times as much oxygen as the ferrous oxide, and precipi- 
tating with ammonia (Abich, Pogg. Ann. xxiii. 354).—3. Two equal portions of 
ferrous sulphate are taken ; the first is dissolved in water acidulated with sulphuric 
acid, and oxidated at a boiling heat by the addition of nitric acid in small portions at 
a time. The other portion is dissolved in water freed from air by boiling. The two 
solutions are then mixed ; the mixture, while still hot, precipitated by ammonia added 
at once in excess ; and the liquid, together with the brown-black precipitate, heated for 
some minutes to the boiling point. The precipitated ferroso-ferric oxide is then col- 
lected on a filter and washed-^uring which process it undergoes further oxidation — 
and then dried at a gentle heat (W 6 hi er, Ann. Ch. Pharm. xxii. 66). This process 
should yield 2Fe0.Fe*0‘ ; but even if a greater quantity of ferric oxide is not pro- 
duced Dv the nitric acid still remaining, or by contact with the air, the proportion of 
that oxide is sure to be increased by decomposition of water. — 4. Bottger {Beitrdge, 
ii. 12) precipitates ferrous sulphate free from ferric oxide by the addition of carbonate of 
sodium ; washes the precipitate several times by decantation ; and then boils it with 
tolerably concentrated caustic potash. This process yields a velvet-black powder, 
much less liable to absorb an additional quantity of oxygen than that which has been 
precipitated by ammonia. — 6. Noel (J. Pharm. [31 i. 62) precipitates ferrous sulphate 
with carbonate of sodium, washes the ferrous carbonate by decantation, loaves it to 
drain upon linen, and then heats it in a cast-iron vessel, with constant stirring, till it 
is diy. It is thereby converted into a velvet-black powder. Sqnheiran obtamed by 
this process a precipitate which was not perfectly black, and wh^ treated with hydro- 
chloric acid, evolved carbonic anhydride. — 6. Preuss introduM 4 pts. of pulverised 
iron and 5 pts. of ferric oxide into a flask, together with a two Sd-hreefold quantity of 
water, and boils the liquid gently for some time. The mixture gjves off fetid hydrogen 
gas, and turns dark brown at first, but afterwards black. When the evolution of gas 
ceases, and the resulting black powder settles down readily, it is separated by leviga- 
tion from the excess of iron ; thrown on a filter of grey porous paper ; and the filter, 
af^ water has drained off, is wrapped up in a large quantity of pi^r, and quickly 
dried in hot air. The black, very loose powder dissolves in acids without evolution of 
gas, and the solution yields a black precipitate on the addition of an alkali. The pre- 
cipitate must not be dried by heat, because in that case it would turn brown from 
higher oxidation. ( W 6 h 1 e r, Ann, Pharm. xxviii. 92. ) 

The black hydrate of ferroso-ferric oxide exhibits, after drying, the appearance of 
brown black, brittle, strongly magnetic lumps, having a conchoidal fracture, and yield- 
ing a dark-brown powder. It contains about 7 per cent, of water, which it gives off 
when heated in a retott, leaving black anhydrous fbiroso-ferric oxide. When heated 
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is th« airy la ooayeited isto ferrie oxide. From ita yelloir a(Aution ia hydxoehlotia 
acid, it is precipitated unebaDged by ammonia (Wdhler). 

Fenoso-ferric hydrate was formerly much employed in m<^icine,buthas nowalmMt 
fallen into disuse. In preparing iodide of potassium from iodide of iron, it is adris- 
able to take the iron and iodine in such proportion (Fo*I*) that, on precipitating with 
carbonate of potassium, this black ferroso-ferric hydrate shall be formed, because it is 
much less bulky than ferric hydrate, and therefore easier to wash. 

The ferroso-ierric oxides and hydrates dissolve in acids, forming brownish or yellow 
Bolutions, according as the one or other of the oxides predominates. These solutions, 
cvimmonly said to contain ferroso-ferric salts, are mere mixtures of ferrous and 
ferric salts, and give reactions intermediate between the two. They give black precipi- 
tates with alkalis; blue, both with ferro- and with ferri-cyanide of potassium, also 
with cyanide of potassium (ii. 219, 227), a reaction not produced either by ferrous or by 
ferric salts when pure. 

Trioxtde of Xront or Ferric anhydride^ FeO*, is not known in the free state, but 
may be supposed to exist in the ferrates (salts obtained by fusing iron or its oxides 
with nitre, (ii. 626) e.g. Ferrate of potassium, FeK*0* = K*O.FeO*. 

XSOXf* OXTSAOnsZBS or. Ferric oxybromide is obtained by evaporating 
the aqueous solution of ferric bromide, or by treating it with a quantity of potash not 
sufficient for complete precipitation, or by exposing a solution of ferrous bromide to the 
air. (Lowig.) 

ZBOW, OZTCBBOBZBB OF. See page 378. 

ZBOir, OBTl'BVOBZBB OF. A ferric oxyfluoride is precipitated by ammonia 
from the solution of ferric fluoride. (Berzelius.) 

ZBOBTy OBTOBff»8ABT8 OF. The general properties of these salts have been 
already described (pp. 380, 393, 396). For the special descriptions, see the several 
Acids. 

ZBOB, OBT8nZdPBZ]>B OF. See page 401. 

ZBOB, FB08FBZBB8 OF. Phosphorus unites readily with iron, forming a grey, 
fusible, very hard compound, which takes a high polish. This compound, which has 
the composition FeT, may be prepared by heating a mixture of phosphate of iron and 
chan'oal in a crucible lined with charcoal and placed in a forge lire. 

A very small quantity of phosphorus produces a great alteration in the properties of 
iron, rendering it brittle in the cold (pp. 329, 334). 

ZBOBf FOXiVBBZOBlk. Ferrum pulveratum ; Limatura ferri s. Mar tie <dco» 
hoUsata. — Finely pulverised iron for medical use may be prepar^ by mechanical 
trituration of filings of bar iron, and subsequent boiling and straining. Iron-powder 
is prepared in large quantities by this method in the Tyrol. The iron is, however, 
obuined in a much finer state of division, by reducing an oxide of iron with hydrogen. 
Wohler (Ann. Ch. Pharm.'cix. 126 ; cv. 192) mixes 1 pt. of ferrous sulphate perfectly^ 
free from copper, with throe times its weight of chloride of sodium ; heats the mixture* 
till it becomes red-hot and fuses ; washes the residue completely ; heats the ferric 
oxide thus produced to dull redness in a glass tube or gun-barrel ; and passes over it 
a stream of dry hydrogen, perfijctly free from carbon, sulphur, phospliorus, and 
arsenic, as these substances, if present, would unite with the iron. It is difficult, how- 
ever, when ferrous sulphate is used, to obtain iron quite free from sulphur ; hence, 
Luca (Compt. rend. li. 333) precipitates ferrous chloride with ammonia, and reduce* 
the washed oxide with perfectly washed hydrogen-gas, avoiding the use of vulcanieed 
caoutchouc-tubes (because the gas might take'up sulphur from them). It is doubtful^ 
however, whether the presence of minute quantities of sulphur and carbon in thepul- 
verised iroi^ would be at all injurious in its application. To preserve the iron mm 
vast, it is kept in sealed vessels filled with hydrogen. 

Reduced won is an impalpable, slate-grey powder, which may be set on fire by e 
glowing body, and then bums away very quickly (mechanicaUy ptdvensed iron cannot 
be set on fire in this way) ; it should be heated strongly enough m the hydrogen- 
stmosphere to prevent it from beoomii^ actually pyrophoric. It is much more active 
^han mechanically pulverised iron, on account of its finer state of division. 

ZBOBf 8B1^SBZ]IB8 OF* Selenium in the state of Te{>onr, passed over iron- 
filings, combines with llie metid, producing considerable evolution of llnht and he^ 
The product ia a yellowish-grey substance, with meteUic lustre, hard and 
ttelta before the blowpipe, giving off oxide of selenium, and forming a black brittla 
globule^ mmaieintly consisting of ferrous selenite. (Berzelius.) 

O. Little (Ann. Ch. Fharm. cxii. 211), by pasting selenium-vapour ov« red-hot 
oon wire; and adtiiig the brittle product under borax, obtained a matallie-looidif 
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gr« 7 igh-yeUo«r) easily ^rerisable compound, having a spedilo gravity of 6*88, and 
the composition of fsiric selenide, Fe*Se*. * 

XROM 9 smbnZBW or. iron and snlphnr unite directly with one another, 
under various circumstances, and in several different proportions. Besides two sub* 
sulphides containing less than 1 at. sulphur to 1 at. iron, there is a j^tosttipkide or 
ferrous sulphide^ FeS; a aesquisulphide or ferric sulphi^, Fe®S*; a ai^lphide, FeS*; 
and a com pound called the magnetic sulphide, intermediate in composition between the 
proto- and sesqui-sulphides. Metallic iron heated with excess of sulphur, yields one 
or other of the four last-mentioned compounds, according to the heat applied, the 
degree of siilphuration being less as the temperature is higher. (Rammelsberg, 
Pogg. Ann. cxxi. 337.) 

An ootoferrio sulpbide, Fe*S, is formed by passing hydrogen-gas over red-hot 
dibasic ferric sulphate (p. 390). It is a blackish-grey magnetic powder, which, when 
treatwl with dilute acids, yields a mixture of 7 vols. hydrogen -gas and 1 vol. sul- 
phydric acid. 

A bemisulplilde, Fe*S, is produced by heating anhydrous ferrous sulphate in 
hydrogen gas, half of the sulphur being then given off as sulphurous anhydride. It is 
a dark grey, coherent, magnetic powder, which dissolves easily in dilute acids, giving 
off equal volumes of hydrogen and sulphydrie acid. When ignited in sulphydric acid 
gas, it takes up sulphur and is converted into the protosulphide. It occurs, combined 
with other metallic sulphides, in many furnace-products obtained in the smelting of 
lead and copper ores. 

Vrotoanlphldoy or Verrous snlpblde, FeS. This compound occnrs in many 
specitriens of meteoric iron, sometimes imbedded in small yellow-brown masses, some- 
times as a grey powder possessing inetallic lustre. (Berzelius; Rammelsberg, 
Pogg. Ann. cxxi. 3(13.) 

It has not been found in the free state as a terrestrial mineral, but exists in combi- 
nation with sulphide of nickel, and mixed with copper-pyrites, in a massive, bronzo- 
colourt‘d mineral, with octahedral cleavage and specific gravity =* 4'60, from Lillo- 
hammer, in Norway. This mineral, after deducting 6*14 per cent, of copper pyrites, 
c<»ntains 30*7 percent, sulphur, 41*1 iron, and 22*2 nickel, agreeing approximately 
with the formula 2FeS.Ni*S. (Rammelsberg, /<x?. 

Ferrous sulphide is produced : 1. By the direct combination of sulphur and iron, 
either at a rod heat, or at lower temperatures in presence of water. — a. Heated iron 
wire intrfiduced into sulphur- vapour bums brightly, and forms ferrous sulphide. — 

When iron tilings are gradually heated in a covered crucible with about two-thirds 
their weij^ht of sulphur, the mass, when heated to about the temperature of low-red- 
ness, logins to glow, and combination rapidly takes place, with vivid combustion 
throughout the entire mass. — 7. Sulphur pressetl against a red-hot iron bar, perforates 
it, and forms ferrous sulphide, which runs off in drops, and may be quenched in water. 
8 . Ferrous sulpbide may also bo obtained in the wet way by moistening a mixture of 
28 pts. iron filings and 16 pts. sulphur, and applying a gentle heat; combination then 
takes place, attended with considerable rise of temperature, WTien a considerable 
quantity of mixture of 2 pts. sulphur and 3 pts. iron-filings is made into a paste with 
water, and covered with earth, tlie mass after a while becomes red-hot, and gives off a 
large quantity of steam, which throws up the earth with violence, producing the effect 
of an artificial volcano. 

2.«By igniting ferric oxide or scale-oxide of iron with sulphur. — 3. By heating iron 
pyrites, ferric sulphide, or magnetic pyrites, either alone to a bright red beat, or with 
iron filings, or in an atmosphere of hydrogen. — 4. By reduci^ ferrous sulphate at a 
bright red heat in a crucible lined with charcoal. Ferrous sulfi^te is also reduced to 
sulphide in the wet way by contact with decomposing organio|||atter. — 6. By precipi- 
tating ferrous salts with alkaline sulphides. 

Ferrous sulphide prepared in the dry way is a dense yellow mass with metallic 
lustre, or sometimes a black porous mass. It is sometimes magnetic, but according to 
Berselius, only .when it contains a portion of one of the higher sulphides. It does not 
alter sensibly by exposure to the air at ordinary temperatures, and is not decomposed 
by iffnition, even to whiteness, in close vessels ; but when gently heated in the air, it is 
p^ly converted into ferrous sulphate ; while at a stronger heat, sulphurous anhydride is 
evedvedy and ferric oxide remains behind. With mtrio acid it evolves nitrous gas, 
ferric oxide and sulphuric acid being formed, and sulphur separated. It dissolves in 
dilute sulj^ric or ngdrockloric aci^ with evolution of pure sulphydric add gas. If, 
however, it is mixed with metallic iron, which is generally the case with the protosnl- 
phide obtained by igniting iron filings with sulphur, it gives off a mixture of sulphydric 
add and free hydrin. Aqueous tapour pawed over red-hot proto-sulphide of iron 
converta it> with evalutipn of much hydrogen and aulphydric add gas,into a blade and 
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nftrtlv nmcnotic mass. The water forms with the sulphide of iron, sulphydrie aeid and 
o5de, which, by further decomposition of water, yields hydiog^ gas and 
formflo-forric oxide : but a portion of the sulphur remains, even after three hours 


fprroso-iomc ujuuo, uuv •» v* — --- — 

Lition (Begnault, Ann. Ch. Phys. [2] Ixii. 3791 does not d^m 

Sd sulphide of iron ; but that compound, when heated in the gas, viel^ chlondo of 
riohur and subUmed ferric chloride (H. Bose, Pogg. Ann. xlii. 640), Protosdphide 
Af iron, heated to low redness with once or twice its weiglit of carbonate of ^um or 
votamum, fuses into a black, crystalline, highly magnetic mass, from which water 
^tracts sulphide of sodium or potassium, with a trwe of sulphuric acid. Barvta and 
lime behave in the same manner, only that the viscidity of the 
fZ Ling into a mass (Berthier, Ann. Ch. Phys. [2] xa^. ^O). When prot^ 
Bulnhide of iron is fused with 30 times its weight of protoxide o/frorf, the whole of 
the sulphur is given off in the form of sulphurous anhydride, metallic lead is separated, 
and a fused mixture of protoxide of iron and protoxide of lead is produced. 

Ferrous sulphide prepared in the wet way is a black amorphous substance, perhaps 
containing water ; in the finely divided state, it has a dark green ooloi^. In the moist 
state it oxidises quickly on exposure to the air, being converted, nret into ferrous 
sulphate, then quickly into yellow-brown basic ferric sulphate. It exhibits the same 
reactions as the protosulphide prepared in the dry way, but is much moro easily 
dccomixised, and dissolves much more quickly in acids, with violent evolution of 

sulphydric acid gas. , a . v 

The black mud at the bottom of drains, cess- pools, ponds and morasses, owes its 
colour to sulphide of iron, probably formed by the putrefaction of organic matters in 
contact with ferric oxide contained in the soil. 

SeMuUiilplilde or Farrio flulptalde. Fo’S>.— This compound is probably 
a co^tituent of copper pyrites, CVS.IVS* (in 77), and of m^notic pyrites 
race below) It is produced by heating iron to moderate redness, or lernc oxide to 
low redness with excess of sulphur: in the lattor case, however, the product is mixed 
with ferric oxide, unless the process is several times repeated (Kammelsberg.logg. 
Ann exxi 339). According to Berzelius, it may also be obtained by the action of 
sulphydric acid on ferric oxide at 100° or on ferric hydrate at ordinary temperatures, 
or by dropping a neutral solution of ferric sulphate into excess of sulphydrato of am- 
monium. According to Bammelsberg. however, the p^uct obtained by heatma ferric 
oxide ir ’ ' «horfc of redness, is an oxysulphido con- 

taining 


rmium. Aocoraing lo ivamnuusuori^, r - q 

ide in sulphydric acid gas to a temperature short of redness, is an oxysulphide con- 

„.inii.glat.ire/ricoxideto3at.ferricsulphide;afterstronger heating, theproduct contains 

less ferric oxide, but in place of it a certain quantity of ferrous sulphide ; and if 
heat be raised to bright redness, there remains at Wt a sulphide of iron free from 
oxygen and having the composition of mapietic pyrites. 

Ferric sulphide dried out of contact with air, is a yellow-my, non-n agnetic powder. 
When heated to redness in close vessels, it gives off sulphur 
pyrites. In the moist state it oxidises very quickly in contact with 
when prepared by precipitation of ferric ealta. Acids d^m^e i^ with formation of 
ferrous salt, evolution of sulphydric acid, and precipitation of sulphur. 

rerrono-forrie or MapiMio Bulpliide— This sulphide occurs natm m “««• 
netic pyrites, and is formed by heating iron with a slight 

mass fises ; also by heating the disulphide to redncM in a “vered cn c^l». A* ^ 
prenared. it has a brownish-yellow to speiss-yellow colour; is attracted by t^ 
mallet, and someUmes itself magnetic. It does not *3’^aUS”th2 

in dose vessels, but when heated in h^ro^en go., it yield. 
pmtosulphide. Dilute acidt dissolve it, with separation f „ 

ralphydnc acid. Boiling fotcMeg is said to remove a portion of the sulphur, leaving 

'"nTg^Syrit.. or Pyrrhotin otour. in cry.taU Monpng ^ Ui. 
system and genemlly tabular, exhibiting the combi^tion. oP J^oP . »Pj>P . mP . P, 
likoflgnre.239,240(ii.l39)andothers. B«t>“ 7 * •, Jl. 

Anele P • P in the termini edges of the pyramid. - 12f 49 ; in the laUral ^s 
= 1270 6 '. Cleavage tolerably ^tinct parallel to oP, indtsUnd parallel to 
commonly massive and amorphous, with granuUr "V""®*""' ®?,^"'7jJ,*WwLn 

Specific ^vity, 4-81 to 4 64 (Bammelsberg). . ™ ^^7 

bro^yellow and copper-red. Streak dark greyish-bl^ Fractmo " 7 ?^ 

chdidal.^ BritUe. Slighlly attracted ly the mi^ot. J*™"**?* 
blowpipe itgives off sulphurous anhyitido, and on charcoal in 
conTFrtrf into ferric oxiSe ; in the inner ftame it melt. m.& c^JJtal- 

blowpipo is removed. The mass, after cooling, is magnetic and ban a metaUic crystal 
line strneture, with a yellowish colour on tlm fractured surtsee. 

Voi. IIL D D 
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Th« foUowixig are analyses of ma^etic pyrites calculated to 100 parts, after 
deducting quartz, &e, (Bammmels oerg, loc, cit) 


U. Rom. Sehafliiotoch. RammeU- 

b 

Fa of-oo 61-17 60-66 

8 38-44 38-83 39-34 


Plattner. Strotneyer. 

d e f 

60-20 60-29 69-29 

39-80 39-71 40-71 


Rammelaberg. 


g h i J k I 

Fo 69-21 60-00 60-83 61 03 61-30 60-10 

8 40-79 40-00 39 17 38-97 38*70 39*90 


a. From Bodenmais in Bavaria ; 6, from the same ; c, from the same ; d, from 
Conghonas da Can^, Brazil ; from Fahlun in Sweden ; /, from Tresebuig in the 
Harz ; g, A, from Harzburg in the Harz ; from Trumbull in Connecticut ; y, from 
Xalaatoc in Mexico ; /, from localities unknown. 

These results may be included under the general formula, in which n 

may have either of the values 6, 6, 7* 8, 9, 10; but the purest specimens agree most 
nearly with the. formula, Fe’S** - oFeS.iVS", given by Berzelius, or with Fe*S®«i 
6FeS.FeVS«. 

Nickeliferous magnetic pyrites occurs crystallised or massive and of specific gravity 
4'613 to 4-674, in several localities. The following are analyses : 


RiimmelRberg. 

B»;rze!lu*. Scheercr. ^ 


<1 

b 

f 

c 

d 

e 

\ 

s 

Fe 68-73 

66-74 

65-82 

55-96 

66-57 

66-42 

Ni 3-17 

2-82 

659 

3-86 

3-16 

3-33 

S 38-10 

40-44 

38*69 

40-18 

40-27 

40-25 

lOO-OO 

100-00 

100-00 

100-00 

100-00 

100-00 


a. Massive from Klefva in Smiiland, Sweden ; b. Massive from Modum in Norway ; 

c, I>aniinar, intergrown with quartz and mica, from the Gap mine, Pennsylvania ; 

d. Massive, intergrown with white iron pyrites, also containing a small quantity of 
copper pyrites, from Horbach in Baden ; e. L:iminar, from Hilsen in Norway. 

These analyses may bo represented by the formula, M*S* == 3MS.M.*S*, and 
M*S^ ass 4MS.M'‘^S’, where M stands for Fe (66) and Ni (68*9), each metal being present 
in both degrees of sulphuration. '(Kammelsberg.) 

Slsulpliiile of Iron. FoS*. — This compound occurs abundantly in nature 
iu two distinct forms, viz. as Yellow Iron pyrites^ Cubic pyrites or Mundic^ which 
crystallises in monometric forms, and White Iron pyrites, Marcasite, Radiated pyrites, 
Spear pyrites^ Hepatic pyrites, or Cellular pyrites, which crystallises in trimetric 
forms. Cubic pyrites occurs abundantly in rocks of all ages, from the oldest 
oiystalline to the most recent alluvial deposits, and has boon found in small irregular 
crystals in the Vesuvian lavas. Marcasite occurs also in rocks of various ages, being 
found in granite, gneiss, and mica slate, and abundantly in the plastic clay of the brown 
coal formation near Carlsbad in Bohemia. The peculiar circumstances which deter- 
mine the formation of one or other of these varieties are not known ; neither has it been 
found possible to convert the one into the other. Iron pyrites is often formed from 
iron sdts, in presence of putrefying organic matters, such as straw, wood, &c., the 
sulfide of iron thus produced retaining the form of the organic substance. 

Yellow iron pyrites occurs in a g^eat variety of mono^tric forms, the domi- 
nant forms being the cube, the octahedron, the trapezohedronw^2 (Jig. 180, ii. 126), 

the pentagonal dodecahedrons ~~ {.fig- H12), and ll^^thebzouddstetrahedrons^^ 

2 2 2 
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•wd (hemihedral forms of the hexakis-octahedron, ii. 127X these forms occurring 

wtbor alone or in combinations, such vs figs. 194, 196, 196, 211, and numerous others. 
Twin-crystals are also found resulting from the intersection of two pentagonal dodeca- 
ledronsk Cleavage cubic and octahedral, more or less distinct ; the cubic and octa- 
hedral -fiicea aia often striated. It likewise occurs radiated, subfibrous, and massive; 
often renifon^ or globular, with a crystalline surface. Hardness m 6 to 6*5. Specifio 
4*088 to 6*031 (Dana); 6*0 to 6*2 (Bammelsberg). lautre metallic, 

a t; colour, bronze-yello^ nearly uniform. Streak, brownish black, opaque. 

ooiidioSilal, uneven. Brittle, strikes fire with steeL [For analyses, see 

p. 843.) 

White iron pyrites or marcasite forms trimetric crystals, in which a: b: a «» 
0*7464 : 1 : 1 1648. 730 2V; Too . Fm in the basal principal 
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oeetioii « 98^ 18'. The crystals are pTramidal and prismatic oombinatkmSi the fkm 
poo i^ing frequently predominant in the latter. Clean^ tolerably di^inot^ parallel 
to odP. J^t occurs also in globular, renifonn, and other imitative shapes ; often massive, 
columnar, or granular. Hardness » 6 to 6*6. Specific ^vity » 4*678 to 4*847 
(Dana); 4*86 to 4*88 (Bammelsberg), Lustre metallio. Colour, |mle bronae* 
yellow, sometimes inclini^ to green or grey. Streak, greyish-black or brown-bladu 
Fracture uneven. Brittle. 

Disulphide of iron is produced artificially: 1. By heating iron with excess of 
sulphur to a temperature below redness (Rammelsberg, Pogg. Ann. exxi. 3S9),— 
2. By exposing ferric oxide or hydrate, ferroso-ferric hydra t^ or ferrous carbonate, at a 
heat above 100®, but not amounting to redness, to a stream of sulphydric acid gafs 
as long as the mass continues to increase in weight At first the action is so strong, 
that aqueous vapour, sulphurous anhydride, and liydrogen are evolved, and lower sm- 
pbides of iron are formed ; but these afterwards take up more sulphur, and liberate 
pure hydi^en gas. The sulphide of iron thus produced retains the ciystalline form 
of the oxide used in its preparation, with the same lustre on the faces, and the same 
directions of cleavage (Berzelius). — 3. The lower sulphides of iron may be brought 
to this, the highest degree of sulphuration, by heating them in like manner in sul- 
phydric acid gas (Berzeliu s).— '4. An intimate mixture of 2 pts. protosulphide of 
iron and 1 pt. sulphur, heated in a retort to a temperature sliort of redness, leaves 
disulphide of iron as a bulky, dark yellow, non-mjignetie, metallic i>owder, not attacked 
by hydrochloric, acid (Berzelius).— 6. When an intimate mixture of ferric oxide, 
sulphur, and sal-ammoniac is heated to a temperature a little above that at which the 
Sill-ammoniac sublimes, the residue is found to contain small, brass-yellow octahedrons 
and cubes, which may be separated from the rest of the powder by levigation (Wohler, 
Pogg. Ann. xxxvii. 288). — 6. Wlien sal-ammoniac containing sulphate of ammonium is 
siildimed at a dull red heat in iron vessels coated with clay, the clay covering becomes 
impregnated with chloride of iron, and cubes and octahedrons of iron pyrites form upon 
its surface (Lowe, •/. pr, CArm, vi. 98). — 7. The compound may also l>e prepared in 
the wet way by mixing solutions of alkaline persulphides with ferrous chloride at 
180®, or ferrous sulphate at 166®. (Senarmont, Ann. Ch. Phys, [3] xxx. 129.) 

Artificially prepared disulphide of iron differs in character according to the mode of 
preparation adopted, being either a bulky dark yellow powder (Berzelius), or crys- 
tallising in small brass-yellow cubes and octahedrons ^Wohler), or a black powder 
(Senarmont). It is not magnetic, is not attacked by dilute acids, but is decomposed 
by heating with strong hydrochloric acid, with evolution of sulphydric acid, and sepa- 
ration of sulphur, and is oxidised when heated with strong nitnc acid or with nitro- 
muriatic aci(t 

Yellow iron pyrites in its compact forms, and the denser varieties of the artificial 
disulphide, do not alt<‘r by exposure to the air, and even that which is prepared in the 
wet way oxidises but slowly in the air, and only when moist ; but white iron pyrites 
weathers very rapidly, and the yellow variety in the finely divided state oxidises even 
at ordinary t^^mperaturcs, with sensible evolution of heat, as in the rousting of alum- 
stone, and the spontaneous heating of coal or lignite containing pyrites, which some- 
times becomes intense enough to sot fire to inflammable substances, and gives rise to 
the spontaneous combustion of coal-minos. The products of this spontaneous oxidation 
are, so long as the temperature remains moderate, sulphuric acid and ferrous sulphate, 
which separates partly in crystals, partly as an efflorescence on the surface, but is for 
the most part dissolv^ out by the water which permeates the mass (see Sulfhatbs) ; 
but at higher temperatures, 'sulphurous anhydride is evolved, and ferric oxide is 
left, with only a small quantity of sulphuric acid. This reaction renders iron pyrites 
available for the manufacture of sulphuric acid (y. v.). When ignited with charcoal, 
it yields sulphide of carbon. Mixed with 10 per cent, charcoal, and exposed to the 
action of a mixture of superheated steam and atmospheric air, it is completely desnl* 
phuris^ giving off sulphur, sulphydric acid, and sulphurous anhydride, together with 
carbonic aiihy£ide and carbonic oxide, while the iron remains, aooording to oir* 
cumstances, either in the metallic state or as ferric oxide. (Branfatit> Jotun, dee 
Mines, 1861, No. 6.) 

arar, vamtilultm or. See Tantautb. 

aov, nuirmzo. A term applied to native metallic iron ftmnd on the aarfti'i 
fortAct, to distinguish it from meteoric iron. 

aov, TSUimXBa or. See TBixunroBS. 

saov, TUVOSTATS Or. See XuifosTATBa. 

Imamtic acid, Evbindenie acid, (Lanrenl^ 


Ann. Oh. Fhys. [3] iii. 490.>—Tbis add is produced hj the action of warm ammoiifn 
M matia ; hut w boit mMe of preparing it is to (ussoIts isatin to saturation la ' 
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mum: evaporate the filtered liquid to dryness, whereby the isatete of ammonium la 
converted into isamate; then boil with alcohol; filter to separate i^ide and sulphate 
of ammonium ; and neutralise the filtrate with hydrochloric aci^ taking ^re to avoid 
an excess. Isamic acid then separates in crystals on cooling. If a sm^ quanUty of 
isatin should likewise separate, in consequence of tw much hydrocWonc amd having 
been added, or of too great a heat having been applied, or of tee solution of isatete of 
ammonium not having been sufficiently evaporated, the cry^ls m^t be treated with 
weak ammonia, which dissolves the isamic acid and leaves the isatin. 

Isamic acid crystallises in splendid, shining, rhombic laminae, of the colour of red 
iodide of mercury. By spontaneous evaporation of the solution, ruby-coloured hex- 
agonal tables are formed, with angles of about 110°. It dissolves sparingly in boiling 
water, forming a yellow solution, easily soluble in hot alcohol, somewhat less in ether. 

Isamic acid dissolves with fine violet colour in hydrochloric acid. By tailing with 
lilute acids, it is converted into ammonia and isatin. Bromine attacks it violently. 


forming indelibrome, C'«H''BriN»0», a yellow substance insoluble in water. 

hamate of ammonium, crystallises in small needles or very acute 

microscopic rhombs. When somewhat strongly heated, it gives off water, and is con- 
verted into isamide. Its solution does not precioitate the salts of barium, calcium, or 
magnesium. It forms a yellow precipitate wiui acetate of lead, red with mercuric 
chloride, yellow with nitrate of silver. 

hamate of potaceium may be Iwiled without decomposing. 

JDichloriaamic acid, C'*H"C1'^N*0\— Produced by adding hydrochloric acid to a 
solution of dichlorisamide in dilute potash, and crystallising the brick-red flocculent 
precipitate from alcohol. It forms bright red elongated hexagonal laminae, derived 
from a rhombus of about 110®. It is more soluble than isamic acid in alcohol and 
ether, and forms yellow solutions. It is decomposed by distillation. Strong acids 
dissolw it, with violet colour, at ordinary temperatures ; but at the boiling heat, they 
convert it into ammonia and chlorisatin. 

Tetraehlorisamxc acid, C'^H^’CPN^O*.— Tetrachlorisamide is converted by boiling 
alcohol into tetrachlorisamate of ammonium ; and on adding nitrate of silver to this 
•alt, a flocculent precipitate is formed containing C‘*H*AgCrN*0^ 

ZBAMXBB. Amasatin. (Laurent, Ann. Ch. Phys. [3] iii. 488.) 

Ih^uced by heating isamate of ammonium till water is given off, and washing the 
residue with water. It is pulverulent, of a fine yellow colour, tasteless, inodorous, 
insoluble in water, nearly insoluble in ether, very sparingly soluble in alcohol, mode- 
rately soluble in boiling alcohol containing ammonia. Potash dissolves it with yellow 
colour, with elimination of ammonia ; the solution contains isatin. 

XBATAW* (Laurent, J. pr. Chem. xxviii. 346.) — This body is 

sometimes produced when disulnhisatyde is boiled with acid sulphite of ammonium, as 
a white precipitate, which dissolves when boiled with a large quantity of alcohol, and 
is deposSed on cooling in crystals, which appear under the microscope, either as well- 
defined rectangles, or as pointed ovals, according to the side on which they are 
viewed. The compound, heated till it melts, turns brownish red, and yields a mixture 
of isatin and indin : 

3Ci«h»»NK)* - 2C«H»NO» + 3C'*H'»N*0* + H»0. 

I$aUn. liatln. Indin. 


It is decom] 
nitrindin. 
pitates hydrindin, and hy< 
substance. 


>8ed by boiling nitric acid, with formation of a 
1th alcoholic potash it forms a yellow solutior 
drochlc 


doric acid throws down isatf 


riolet powder, similar to 
* om which water preci* 
red with a resinous 


The composition of isatan is equal to that of 2 at. indigo-blue •f 1 at. i 
(2C*H*NO + H^O), and to that of isatyde minus 1 at oxygen (C»*H**N*0 - 0). 


water 




Z9ATXO ACIB. C*H’NO*, (Laurent, Ann. Ch. Phy^ [8] iii 871.)’-'^® 
itassium-salt of this acid is produced by the action of caustic potash upon isatin. 
e acid itself is not easily obtained in the free state. 

. .The sohition of tee potassium-salt mixed with hydrochloric acid, deposits, after a 
while, dyttals of isatin, which in fact differs from isatie acid, only by the elements of 

- (PH^NO* + H*0. 

luUtc add. 


nposition of tee isatatos is represented by the formula OH*MNO*. ^ The 
n-salt appears to be capable of existingonly in sedutien ; for on evaporation ta 
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d^M9> $t givM off water, and is concerted into isamate of ammoniuni (p. 404). The 
C**H**Ba''N*0*, produced by the action of baryta-water on liatin, cryeta)- 
Hsee in scales. The potaanum^salteoniaim C*H*KNO*. Isatin dissolves in a cold strong 
solution of potash, forming a deep violet-red liquid, which changes to ^e-yellow when 
dilut^ with water and boiled. On evaporating the solution, the salt is obtained in 
crystals of a feiint yellow colour. It precipitates chloride of barium if the solutions are 
concentrated, and forms with acetate of lead, a yellow flocculent precipitate, which 
gradually turns red. The silver-salt, C^H^AgNO*, is soluble in water, and crystallises 
in beautmil yellow prisms. It is obtained as a precipitate on mixing the boiling and 
rather concentrated solutions of isatate of potassium and nitrate of silver. 

Bromlaatio acid, C**H*BrNO», is obtained as a potassium-salt by tlie action of 
cold aqueous potash on bromisatin. 

JHbroniisatic acid, C*H‘Br*NO’. (Erdmann, J. pr. Chem. xix. 360.)— This acid 
is obtained, by adding hydrochloric acid to a concentrated solution of its potassium- 
salt, as a light yellow pulverulent substance, soluble in a lai^er quantity of water. 
By desiccation, even in vacuo, at mean temperatures, it is converted into dibromi- 
satin. 

JHhnmxsate of jpotassium, C®H^KBr*NO* H*0, is prepared by dissolving dibromi- 
satin in cold aqueous potash, and leaving the solution to itself for a while. It crystal- 
lises in pale yellow, inning needles, less soluble in water and in alcohol than the 
dichlorUatate. It gives with metallic salts the same reactions as the dichlorisatate 
Sulphurous converts it into dibroynuatostdphite of potassium, C*H*KBr-NO*.2SO''*. 

Cblorlsatlo aoid. C*H*C1N0*. (Erdmann, Ann. Ch. Pharm. xxxiii. 129.— 
Laurent, Ann. Ch. Phys. [3] iii. 378.) — This acid is not known in the fi*oo state, but 
several of its salts have been prepared. 

CfUorisatate of potassium, ClPKCINO*, is obtained by mixing warm, moderately 
concentrated solutions of caustic potash and chlorisatin. The salt separates on cooling 
and may be purified by repeated crystallisation from alcohol. It crystallises in shining 
flattened quadrilateral needles of a light yellow colour, soluble in water and alcohol, 
and decomposed by heat. Hydrochloric acid added to its solution throws down 
chlorisatin. 

The other salts of chlorisatic acid are obtained by double decomposition. The barium- 
salt separates on cooling from n mixture of the hot solutions of chlorisatato of potassium 
and chloride of barium, sometimes in pale yellow needles containing C'*H*®Ba^^Cl*N*0*. 
IPO, sometimes in deep yellow, very brilliant laminm containing C‘*H'*Ba"Cl*N*0*.3H*0. 
Both these hydrates give off their water between 1*)0° and 160°. The bismuth-salt 
has a deep orange-yellow colour. 'Yho calcium-salt resembles the biirium-salt. The 
cadmium-salt is yellow. The cupric salt, when first precipitated, is bulky, and of 
the colour of ferric hydrate, but changes after a while to a heavy granular powder of a 
blood-rf*d colour. The ferric salt is a brown-red precipitate obtained by adding chlo- 
risatate of potassium to iron-alum. The lead-salt, C'®H'®Pb"Cl*N*0*.2lP0, is produced 
as a brilliant yellow gelatinous precipitate, whicli, in a few minutes, especially if 
agitated, becomes flocculent, and of a splendid scarlet colour, almost as bright as that 
of mercuric iodide. Under the microscope, the yellow precipitate appears pulverulent, 
without any trace of ciy'stallisation, but the red flocks present the appearance of den- 
dritic vegetation. Th(«e red flocks contain 1 at. water, which they give off at 160®. 
The magnesium- and aluminium-salts appear to be soluble. The nwreury- salts are 



colour. The zinc-salt is a yellow precipitate. 

BieUoiisatio acid. C®H*Cl*NO*. (Erdmann, Laurent, loc, cit.)—T\x\» acid 
separates from a concentrated solution of its potassium-salt, on a^ldition of a mineral 
acid, in the form of a yellow precipitate, which, however, cannot bo obtained pure; 
for by desiccation, even in vacuo at moan temperature, it separates into dichlorisatin 
and water. It dissolves in water, forming a light yellow solution, which becomes 
turbid at 60®, and deposits dichlorisatin. 

Dichlonsataie of potassium, C»H*KCI»NO».H»0.— Dichlorisatip dissolves in cold 
aqueous potash, forming a deep red solution which beciomes colourless when heated, 
and on cooling deposits the potassium-salt in shining yellow laminss, which may be 
purified by crystallisation from alcohol. They contain 1 at. water ( ■» 6 per cent.), 
which is not completely expelled below 130°. When crystallised from a Jsoluta 
alcohol, the salt appears to contain only half of that quantity of water. It is decooi* 
posed by heat, with a kind of explosion. 

The barium-saU, C**H®Ba''Cl^»0*.2H*0, forms shining golden-yellow 
The cupric salt is a red-brown precipitate, which soon becomes greenish yellowj 


.m. 
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suUeIr ainuoi, tfcaie change* of colota meing flj>a % « 
within the %uid. The M-foit /* 




' yelJow precipitate, which dissolres in a large quantrtj of boiliiwwatej i 

L coolwg in tnmroarent yellowish needlw. gijmped m tufts. he^^ai^ 


with the air, it mefts to a brown mass, and yields a sublimate of dichh^isstiii. 

mAXnkXM* = 3 at isatin NH* — H^O. — A substance stated by 

Laurent (J pr. Chem. xxxv. 121) to be sometimes obtained when dry ammonia-ws 
is passed over isatin moistened with alcohol. YeUow non-crystallme flOcks easity de- 
composed by potash. Its composition is rather doubtniL 

IBATIMTP”- (Laurent, loe. c/t)— Obtained by passing dry 

ammonia>gas over isatin moistened with alcohol, either ordinary or absolute. When 
absolute alcohol is used, imesatin (p. 246) first crystallises out in prisms with square 
or rectangular base ; and the solution decanted therefrom deposits isatimide in the 
form of a yellow, shining, crystalline powder. It is insoluble in water, scarcelj 
soluble in boiling alcohol or in ether, but dissolves easily in boiling alcohol, containing 
ammonia. Potash dissolves it with yellow colour and evolution of ammonia; the liquid 
contains isatin. 

ZSATXSr. C*H"NO*. (Laurent, Ann. Ch. Phys. [3] iii. 371.— Erdmann, J. p. 
Chem.xxiv. 11.— A. W. Hofmann, Ann. Ch.Pharm. liii. 11.— Gm.xil 61.— Gerh. lii. 
^ 34 ^^ — This body, which was discovered simultaneously by Laurent and by Erdmann, 
in 1841, is produced by the action of nitric or chromic acid upon indigo: 

CHPNO + 0 « C»H*NOl 

Indigo. Isatin. 

Premrction , — 1 kilogramme finely powdered, good commercial indigo is stirred up 

in a large dish to a thin paste with water; it is then placed over a moderate fire, and 
commercial nitric acid is gradually added (which causes a violent effervescence, vtithout 
evolution of nitrous acid), until the blue colour has disappeared, for which, from 600 
to 700 gnus, of nitric acid are necessary. The solution is boiled with several quwts of 
water, and filtered at the boiling heat, as rapidly as possible ; after 12 hours, the isatin 
separates in reddish crystalline nodules. The mother-liquor is boiled with the undis- 
sofved residue and filtert‘d,''tho operation being two or three times repeated : the l^t 
mother-liquor still yields isatin on evaporation. The crystals are moistened with 
water containing a little ammonia, in order to remove a resinous matter ; they are 
then washed with cold watiT, and finally reciystallised several times from boiling 
alcohol (100 pts. of indigo yield 18 pts. of isatin) (Laurent). WTien an excess of 
nitric acid is employed, nitrosalicylic acid is formed. After each addition of nitric 
acid, it is ne«x^8Hary to wait until the. efiTorveBceneo is cATr. If no effervescence takes 
»lace, in consequence of the indigo being mixed with too much water, and if tne 
joiling is continued, whilst more and more nitric acid is added, a violent reaction sud- 
denly ensues when the solution has reached a certain concentration, the mass over- 
flowing the vessel oven when it is very capacious : the residue generally contains 
nitrosalicylic acid (Hofmann).— 2. Indigo is heated with chromic acid, properly 
dilut«l, until the whole nearly boils, when it is filtered hot ; isatin then crystallises 
out on cooling, and is purified by repeatc'd recrystallisation from w ater, and lastly from 
alcohol. If the chromic acid is so concentrated that it causes an evolution of carbonic 
anhydride, the solution deposits little or no isatin on cooling, but a small quantity by 
spontaneous evaporation or in vacuo ; on evaporating tlio solution by heat, only sesqui- 
oxido of chromium and a brown powder separate (Erdmannk Laurent drops a 
dilute aqueous solution of chromic acid upon pow'dcred indigo, ana warms the mixture, 
the addition of chromic acid lieing discontinued as soon as Ae blue colour has di«ap> 
peareii, and the process continued as in (1). In order to pui^ crude isatin, which still 
contains resin, Hofmann dissolves it in potash, and carefully^ds hydrochloric n^d to 
the solution, as long as it forms a black or brown predpitato ; wh^ a portion 
Altering is of a pure yellow colour, and gives a highly precipitate with hydfochloric 
acid, the whole solution is filter^ ofl^ decomposed with hyorochlorio amd, and the 
predpitttte washed writh a little water. 

Properties* — Isatin ciystallises in large, transparent, brownish-red prianui, tx iB 
smaller yeUowish-red prisms, belon^ng to the trimetric system ; the crystids are veiy 
brUll^t) especially wjien obtained &om an alcoholic solution. They exhibit the epm- 
binatton « . Poo ; the faces ooPoo greatly predominating. Inclination the 

fhoea mP : o&P - 1330 60 ’ to 183 ® 65* ; foo: Poo - 127 ® 16 ' to 127 ® 30 ' (G. Bose, 
J. pr. Chem. zxiv. 11). Isatin is inodorous, and has a bitter taste. It melta when 
heated, and aolidifles on cooling in a c^staUine mass of needles ; when heated above 
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litlfifiliaMi i^^ heM; and depoidts it imclittgced on oooliiiff. 

ii-4aatin d^tilled in a retort leaves a large reeidiie of dbiarooal 

fuili, j<aareBt). When thrown upon glowing charcou, it diflRwes the Mune 

"odoftf aa Heated in the air n^n platinum>foil, it bums with a brilliant flame, 

snd leifea^ residue of difficulUj combustible charcoal. — 2. When isatin is sus- 

pended in hot water, and a current of chlorine is passed through the solution, it is 
converted into chlorisatin ; no dichlorisatin is formed, even if the solution is exposed 
to sunshine. — 3. Isatin heated to 180^ with chloride o/benzo^jnelds a brown substance 
having the composition of benzoyl-isatin, C*H^(C’H*0)m5* — 4. Moderately warm 
mtrio add dissolves isatin without decomposition, but on tailing, a violent action takes 
place, attended with evolution of nitrous mmes, oxalic acid being formed together with 
a reddish-brown nitro-resin, soluble in ammonia ; no picric acid is formed. — 6. Isatin 
heated with fuming sulphuric acid^ dissolves with brownish-red colour ; a strong 
effervescence then takes place, and on treating the solution with water and alcohol, a 
yellow substance is obtained which has not been further inveati^ted.— 6. Isatin 
dissolves in cold potash without undergoing deeom^x)sition, and imparts to it a 
brownish red colour : after a time, or immediately on boiling, the solution becomes 
yellow and is found to contain isatato of potassium : 

C*NH»0* + H‘-0 « C"NirO*. 


If this solution be concentrated by distillation, decomposition suddenly takes place, 
colourless drops of phenylamine passing over with the steam, and hydrogen being 
simultaneously evolved (Hofmann) : 

C»H‘NO* + 4KHO - C«H’N + 2K*CO» + H*. 

7. Ammonia forms with solutions of isatin, various products of decomposition, which 
vary according to the concentration of the ammonia and the solvent of the isatin ; 
mixtures of seveial compounds are always formed, each containing 1, 2, or 3 at. isatin, 
plus 1 or 2 at. ammonia minus water. — 8. Vhenylamine behaves with isatin in a 
similar mammer. — 9. With sulphurous add in presence of alkalis, isatin forms salts of 
isatosulphurous acid. —It dissolves in sulphite of amnwniuni, with formation of isatyde. 
— 10. When sulphydri' acid gas is passed through an alcoholic solution of isatin, di* 
sulph isatyde (p. 412) is formed. 

Isatites. — Isatin does not unite with acids, but rather itself plays the part of 
an acid, exchanging 1 at. of its hydrogen for an equivalent quantity of metal. Isatin 
dissolves in cold strong aqueous potash, forming a very dark violet- red liquid, probably 
containing isatite of potassium, C»n^KNO*. On diluting with water and boiling, the 
colour changes to pale yellow, and the solution is then found to contain isatato of 
poUissium. Isatite of cupr ammonium, C‘*H"(N*H*Cu)'[N*0*, is obtained os a light blue 
precipitate on pouring an ammoniacal solution of isatin into an ammoni/ical solution of 
acetate of copper. Isatite of silver, CHI^AgNO^ is a wine-red crystalline precipitate, 
obtained by mixing nitrate of silver with an alcoholic solution of isatin. It gave by 
analysis 42*5 and 42 2 per cent, silver (calculated quantity 42*62). On adding nitrate of 
silver to an alcoholic solution of iodine containing a considerable quantity of ammonia, 
tt red crystalline precipitate is formed, consisting of isatite of argentammonium, 
0*H*(NH*Ag)N0*. It gave by analysis 35*23 per cent, carbon, 2*66 hydrogen, and 
39*75 silver (by calculation, 35*42 carbon, 2*68 hydrogen, and 39*86 silver). 


Brominated and Chlorinated Derivatives of Isatin, 

These compounds, which were discovered by Hrdmann, have the composition of isatin, 
in which 1 or 2 at. hydrogen are replaced by an equivalent quantity of bromine or 
chlorine. They closely resemble isatin in form and properties, and when treated with 
esnstie potash, ammonia, stdphydric acid, or alkaline sulphites, yield the chlori- ^ 
Bated and brominated derivatives of the bodies which are produced by the action of ' 
the same reagents upon isatin. 

C*H*BrNO*. (Erdma nn, J. pr. Chem.xix. 358.--Hofmann, Ann. 
Ch. Pharm. KiL 40.)— This compound is product together with dibromisatin, by the 
•ettoo of biomine upon indigo. The product is exhausted with filing water, and the 
oystaJa which separate on cooling, are purified hy recrystallisation from alcohol, the 
first portions which separate consisting prindpally of bromisatm (Erdmann), 


Aoothw mode tA preparation is to suspend isatin in water, and shake it up tn sunriiiae 
^■hh bromine, which is to be gradually added till the liquid no longer becomee OMWIWF-' 

* mt 


less on agitation. *1^ compound is then boiled with weak alcohol, freed from 
^mic acid fay woiriiiog with water, and recrystaJlised from boiling 
(Hofmann.) ^ 

Bromisatin eiystii|piet by Pooling in shining orange-eoloured priisis. ' Cl i yi P 
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fwtash cotkrerU it, at mean tempera tores, into • 

with hydrate of potaawmn, it yieldfl bromophenylamm^ ' ‘ ‘ / 

lIlbrottilMttIn* C*H*Br*NO*. (E r d m an n, loe, H ofllipiiL 

Ann. Ch. Phys. [8] iii. 880.)— Thia body remama in*.the ^c6heM|||||||M Vg 
obtained in preparing bromiaatin, by the firatof the methods ^aboTe d#M^^BHn|^;. ^ 

be aepatatea by crystallisation ; but a better way of pNi^anng ^ , 

brommatin with bromine in sunshine, as long as hydrobromic a<ni(^lH£hh'i9li|^^ /% 

It is purified by crystallisation from alcohol, from which it ' t 

orangeMSoloured trimetric pritms. When distilled with hydrate of potassium,# ^iSKfe ^ ? 

dibr^ophenylamine. . ..'- iSw * 

Dibromisatite of potassium, C»H*KBr»NO* is obteined by gently h^Ung a " 

of dibromisatin in absolute alcohol, and pouring into it a hot solution of 
potash. It crystallises in black scales, blue by transmitted light. 

Olilorlsatiii« C*H^C1N0*. (Erdmann, Ann. Ch. Pharm. xxiii. 129.— 

Ann. Ch. Phys. [3] iii 478.— Hofmann, Ann. Ch. Pharm. liii. 12.)— ProduceSTt ' ^ 

1. By passing chlorine into tepid water, in which isatin is suspended. ~2. By t^ac^i 
of chlorine on pulverised indigo suspended in water. A large quantity of a 
yellow substance is thereby produced, consisting of a mixture of chlorisai^MW^K'^, 
dichlorisatin, which may be separated by solution in boiling alcohol, the chIo(&atiltt«v^j;^,; 
separating out first. It is purified by repeated crystiillisation from alcohoL ^ ' 

Ghlorisatin crystallises in orange-coloured prisms, i8omori)hous with isatin. 4 . 

served combination, oeP . oof oo . f oo . Inclination of the faces, ooP : ooP ■■ « 

Poo: foo « 134® 12' (G. Rose). It is inodorous, but has a bitter taste. Its quipt 
irritates the organs of respiration and provokes sneezing. It is insoluble in eoldwat^ .v 
but dissolves readily in filing water and in alcohol. The solutions impart a , 

agreeable odour to the skin. Heated in contact with the air, it melts to a bwwnlr ' * 
liquid, and gives off yellow vapours having the odour of burning indigo. At a ^ 


temperature, it partly sublimes and is partly carbonised. 

Cnlorisatin behaves with reagents like isatin. It dissolves in strong sulphuric a 
and separates on addition of water. With nitric acid it yields a resinous subsig 
oxalic acid, and a small quantity of an azotised body, which crystallises 
grains. Sulphydric acid gas passed into an alcoholic solution of chlori8at^lpP|Sii| 
white precipitate which increases on addition of water. Erdmann calls thi^/jplretj 
tate sulphoc hlorisatin ; according to Gerhardt, it is perhaps chloriEa 


tate sulphocniorisatin ; accoraing lo wernarar, it is pernaps cnioriKav* 
tetrasufphisatyde, C“H'®CPN*S^ (anedysis, 41’7 C, 2 37 H, and 31*09 S; cal6^. 
tion, 44*7 C. 2*33 H, 29 83 S). 


g '0 

. M 


tion, 44-7 C,2'33H, 20 83 8). _ _ T*' y' 

Caustic potasA communicates a deeper colour to chlorisatin, converting it into chlo-^ • -^*4 
risatito of potassium ; on heating the liquid, the colour disappears, and the liquid coi^ , 

faina AVi 1 rkT.i<iuf afn A-f rw^fuatli11n1 


tains chlorisatate of potassium. ? 5iV 

Cfdorisatite of argentammonium, C*H*(NH*Ag)ClNO*, is a crystalline precipitate^ 
the colour of wine-leos, obtained by pouring an ammoniacal solution of nitrate 
silver into an alcoholic solution of chlorisatin mixed with ammonia. . r r ■ 

mioliloiisatia, C^H'CPNO^ is obtained from the alcoholic mother -liquors, wlucfr“ ^ 
have yielded chlorisatin, and is purified by recrystallisation from alcohol. It ciys- . ' ^ 

taliises in small shining reddish-yellow needles, or shortened lamime, fusible, 


volatile when heated in a close vessel, soluble in water and in alcohol. 

Aqueous potash acts upon it in the same manner as upon chlorisatin. W 
dichlorisatin is thrown upon solid potash moistened with alTsolute alcohol, a red s 
tion is formed, which after a short time, solidifies in a violet-black ma^a conjpi 
of dichlorisatite of potassium, the solution of which forms^with nitrate of ij 
a precipitate having the colour of wine-Iecs. t. 

Chlorine does not act upon chlorisatin or dichlorisatin nf^resence of wgl^ 
when either of these bodies is dissolved in hot alcohol of 80 cent., and chlotinll 


is passed through the liouid until nothing is formed but products of the dedo 
tion of alcohol, a brownish yellow viscid mass is deposited at the bottom^of the 


containing shininj^ Inmin® of perchlorogitinone (chloranil). Water eztract| 
ammoniac from this moss, and alcohol dissolves chloride of ethyl, pentachlqpi 


acid, and a resinous mass which forms the largest portion of the prcduct Tjje: 
Jiatant yellow solution contains products of the action of chlorine upon 


latent yellow solution contains products of the action of chlorine upon 

■ io^ a residue corresponding to the resinous substance, 

^uinone. (Erdmann, Hofmann.) if/Cij 

BirmxC AGXBS* m.andA.Schlieper,Ann.Ch.Phann:^^<*^ 
d, treated with oxidising age|(lp| irach j|s nitric acid or chr 
0 acid containing the elementSKof iMtui and sulphuric anlriil||^ 
id Uie salts of this acid, treat^ipCh alkalis, yield a dibatk^ 
monts of isatin and 





ttUVk' miA PU VTAVU AI«V«ai>w W* pOtftBSlUlIl (tO <iav>«wwr««v' v«»'» 

.Hotolphate): tile crystaUine paste which separates is collected on a 
— p—p dfU'k-coronred mother-liquor is separated bv displacement with 
water. This liquid evaporated and cooled, yields a small additional 
Hlwv qf the |K)ta8sium-6alt, The isatosulphate of potaMium thus obtaiue^ in 
i iqinn of u brownish yellow, heavy, sandy powder, is contaminated ^th a reaino^ 
if which adheres to it obstinately, and cannot be separated. ^ The acid and its salU 
"WlSl^howeverf be obtained pure by converting them into dibasic isatosulphate by the 
of alkalis, and reconverting these into the monobasic isatosulphates with acida 
t Swimpure potassium-salt obtained as above is dissolved in hot baryta-water, which 
' the solution is completely decolorised, and the excess of baryta is precipi- 

• thfl nrprmitMe earrvinff down all the rosinous impurities witl 


Ui^^by carbonic acid, the precipitate carrying down all the resinous impunUes with 
" aw-yellow solution contains a mixture of dibasic isatosul- 
“ * * and on precipitating the 


4; . i|,«^he resulting pale straw ^ V , ' - 

and dibasic isatosulphate of barium; ...... .... r — jt - ^ — 

^ \ SSil as exactly as possible with sulphuric acid, an orange-yellow solution of the 


tNUryCll as ex&CUj as posaiuic witu oiupiiuttu wv..-.. 

toonobaaic salt is obtained, whence the salt may be separated by evawmtion 
tallisatxon. If on the other hand, the solution be saturated while hot, ^tl 


and ciya- 


talliaaaoo. If on the other hana, tne soiuuon oe saiuraieu wuuc uuu, 

hYdrochloric acid just sufficient to neutralise the potash, the liquid, which has 
acquired a dark orange colour, deposits bulky, bright red, shining crystalline 
^ of monobasic isatosulphate of barium. 

f^onoLaicIsatosulphuricacid, C»H»NS0‘.2H*0 - C»H‘N0».S0«.2H«0, may 
Sijie obtained in the free sUite by decomposing the solution of the barium-salt with an 

w^tihg^!fra^^^^ acid solution, solidifies, when evaporated te a 

into a somewhat sticky, radio-ciystalline mass, drying up in vacuo over sul- 
i acid to a yellow, silky crystalline mass, which does not alter on exposure to the 
-^“mou temperatures, but easily gives up its water of crystallisation at luO . 
le ino/coAoness easUy than in water, and is insoluble in ether and in hetizenr. 
tohuric acid is a strong acid, separating even the stronger mineral acids from 
si ■Wsir Belts. It is not decomposed by strong sulphuric or nitrtc aad, even with the aid 
^Fheat: but acid, ov a mixture of hydrochloric acid and chlorats of 

i^pidassium slowly decomposes it, with formation of chloranil. The ociueous «ol«t»on 
-ti»pear» to be ecareely altered by thlorine. The alooliolio Rohilion treated with ««- 


qni 

chi 


appears to be scarcely aiiereu oy vmunne. .v ............. -- 

yields viscid, dark brown -red bodies, pi-obably am^iaated compounds. The 
acid is not reduced by hydriodic acid, but the reduction is effected hy zinc hydro. 
4Mc or sulphuric acid, the solution being thereby completely decolorised. Sulphy^ 
.. \ . 11 _ r liV.>ii7i(in rrt/innn me anid. vif 

nd e 


meric or sulphuric acid, the soiuuon oeing uiereuy y -.y 

dficacid, and especially sulphide of ammonium, likewise reduce the acid, yieldiogtho 
inmonium-salt of hydrindin-sulphuric acid (p. 266). 

Salts of Monobasic Isatosulphuric ac^X.-^Mmo^amnumic isatosulphate, 
(>HVNH*)NSOMI*0, is obtained by decomixwing any other salt of the aeid wiin an 
of an ammonium-salt in which the reRiiltinK .alt "'j 

f lading a solution of the free acid with excess of sal-ammoniac. The salt crystallisi s 
' i^^wshininir, deep yellow needles, easily soluble in water. • i *• 

■ Hlo vSiuba^hc toll, C'*H'Bo"N’3»0‘*3ie0, la formed hv precipitating a aolution 
Worida or nitrate of barium with the free acid. It is inRoluh le in alcohol, Rpnriiigly 
£l« in cold, Bomewhat more in hot water, forming a light yellow Boliition. 

mmocaUic salt, C'*H*Ca''N»S’0'*.2H'0, is .ihta.nod by prwipitatioD, «nd 
in small, shining, gold-yellow needles which dissolve somewhat slowly in 

j? 20 

■' ..i-i-i _ Tf ia inRoliihle in alcohol, diHsohos in about 20 pts. or 


V/, ... „ j ^ 

iTyMdVs^y powder. It U insoluble in alcohol disso vM m about 20 of 
Md somewhat ^ of hot i^ter whence it crystallises slowly. It is not altered 


J.I, IB — i 

^ t ^ter, whence it cryMtallises slowly. — — --- -- — - 
; liBife^hT^ng hy^hloric acid. It gives off all its water of ^stalhsataon 
aSt^high temperature: indeed alt the salts of monobasic isatosnlphuno acid 

'WiJlStni fl ‘f * I till ViBulAd Above 100^. . . M 




I llA ty wateT till h-Ctttod above 100^# , . - 

salt, (?H‘AglIS0‘.H«0, separate slowly on "■■"”8 * ^" ^ 
with nitrate of sUver, in hard, needle-shaped, honey-yeUow «nrtl 

J ^S^“J?t*C^'NaNS^,2H'0, is obtained by miaing a 
the potaesium-sak witkli* or three timra its Tolume of a 
BhlondeSr sodium, tfl4^st^*»Uises, on leaving the liqiial at rest, 









These salts aie toied« ss alre^ observed, hy the 

isatosolphates. AM alJcatif produce the change providM ; if 

ED ins^cient quaiiitif^ of aUcEli be added, a daep ve<^^ violet 

ooloariug is piodo^ v^ch, thou^ transieiil^ ia^amdent to formation 

of an intennediate comj^tuKi The transformatidii^ lihevise % alkaline 

carbonates. ^ 


Dibasic isatosulphuric acid has not been isolated ; when separated from the solution 
of either of its salts, it is converted in a short time at ordinary temperatures, 
immediately when heated, into the monobasic acid. 

The diammonic salt is produced by boilin^if isatosulphuric acid for some time with 
excess of ammonia, or by decomposing the dibarytic salt with sulphate of ammonium. 
The* solution dries up, in vacuo over oil of vitriol, to a yellow gummy mass exhibiting 
but slight traces of crystallisation. 

The diharptic salt^ C®H*Ba'^SO* . 3H*0, is obtained by dissolving the monobarytic 
salt in boiling baryta-water, and removing the excess of baryta with carbonic acid. 
The slightly colour^ solution yields, by evaporation or cooling, shining, lemon-yellow 
silky needles, more soluble than the monobasic salt in water, but insoluble in alcohol. 

The diplurnbic salt. C“IPPb'^NSO* . f H*0, is obtained by mixing a concentrated solu- 
tion of the yellow potassium-salt with an excess of a concentrated solution of acetate 
of lead ; it crystallises in slender, shining, dark yellow needles, which dissolve readily in 
water. 


The dipotasaic salt, C*H*K*N*SO* . H*0, obtained by decomposing the barium-salt 
with neutral sulphate of potassium, crystallises slowly, by spontaneous evaporation, in 
hard, shining, transparent, wax-yellow prisms, which dissolve readily in water, and give 
off their water of crystallisation between 140° and 150° 

The diargentic acid, C"H*Ag^N80® . f H^O, separates on mixing a solution of the po- 
tassium-salt with excess of nitrate of silver, in concentric groups of bulky needh;s, 
which, after drying, form a light spongy pale yellow mass. It is sparingly soluble in 
water, and does not give off its water of crystallisation till heated above 100°. 


IBATOSinLPBZTSS. (Laurent, Rev. scient. x. 289.— Gm. xiii. 5G.— Gerh. iii. 
644.) — Sulphurous anhydride does not act upon isatin alone ; but in presence of pofa.sli 
or ammonia, peculiar salts are produced, containing the elements of isatato of ammonium 
or potassium, together with sulphurous anhydride. The acid corresponding to these 
salts has not been isolated, being decomposed when the salts are treated with a strong(‘r 
acid. The chlorinated and brominated isatins yield corresponding compounds under 
the influence of alkalis and sulphurous acid. 

Jaatosulphitc. o f Arnimmium, C“II®(NII^)NO*.2SO*, is obtained by boiling isatin with 
acid sulphite of ammonium, and concentrating the liquid by evnj)onition. It thm 
separates in small rhomboidal tables of a pale yellow colour, sparingly soluble in cold, 
but very soluble in boiling water. 

laatosidphitc of Potassium, C*lI®KNO*.2SO*, is produced by passing sulphurous an- 
hydride to saturation into a solution of isatin in potash, or into a solution of i.satate of 
potassium, or by boiling powdered isatin with acid sulphite of potassium, till it' is 
completely dissolved. 

The salt is neutral, has a faint yellow colour, is moderately soluble in water, and 
crystallises therefrom in elongated laminm possessing considerable lustre. It is 
mtxieratoly soluble in boiling alcohol, very little in cold alcohol. Its solutions are 
yellow. When heated it aquiros an orange-red colour, swells up and gives off water, 
and at a higher temperature blacken-s and gives off a red thick matter, which solidifies 
without ciystallising.— Iodine decomjw.ses it at the boiling heat,risatin being precipi- 
tated and sulphuric acid reinaining in the liquid. Chlorine skik) forms sulphuric acid, 
but at the same time throws down chlorisatin or dichlQrisatin,tiji?ording to the duration 
of tlie action. Hydrochloric acid poun‘d into a boiling solutiwof the salt eliminated 
®®j^'u:ou8 ^hydride, with effervescence, and precipitates isEtin. 

f^e solution of the potassium-salt does not form any precipitate with chloride of 
barium, strontium, or calcium, or with acetate of copper; but with nitrate of silver and 
acetate of lead, it forms precipitates consisting of a metallic sulphite, together with 
isatin. 

JDibnmiaafoatdphite of Poiaaaium, C®H*Br*KNO*.2SO*, is a yellow precipitate^ 

. sparingly soluble in water. 

CkhnaatoatdphUr of Potaasiujn, C*H»C1KN0*.2SP*, is obtained by passing sulphu- 
rous Mhydride into a solution of chlorisatate of potassium. The liquid yields by 
eviHporation a straw-yellow, fibro-lamellar salt, sparingly soluble in cold water. Acii 
decounpose it, with precipitation of clilorisatin and evolution of sulphurous anhydride. 

^UoriMilottUphile of Pbtataium, C»H*a»KNO*.2SO*. YeUow needles obtained by 
bouiQg dichlonMtin with acid aulphite of potaesiniB. 
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J^-- (0*HW0^.»; fUftMnt, Ano. Oi. Phy*. [8] lii 
WeiA fii 561.}— A substanee prbdwsad the action of reducing 
»nt hjrdiog^) •i^ph^^e aeid, 8ul|hide of ammoniumi Ac, on 


liatlD. Ifttjde. 


It bears to isatin the same relation that indigo-white beare to indigo-blue. 

The best modo of preparing it is to mix powdered isatin in a flask inth a large 
quantity of water and a little sulphuric acid, then add a piece of pore ainc-foil, and 
heat the liqoiA As the isatin dissolves, it takes up the nascent hydrogen, and is con- 
verted into pulverulent isatyde, which may be washed with water, and then boiled with 
alcohol to remove nndecomposed isatin. Isatyde may likewise be obtained by dissolv- 
ing isatin in hot alcohol, and adding a small quantity of sulphide of ammonium. The 
mixture left to itself for a week deposits laminated and prismatic ciystals of isatyde, 
mixed with octahedral crystals of sulphur, which must bo removed by digestion with 

disulphide of carbon. , . , t * 

Isatyde is white, with a slight greyish tint^ tasteless, and inodorous, and appears to 
be insoluble in water. It dissolves in very small quantity, in alcohol and ether, at the 
boiling heat, and separates on cooling in microscopic scales, having the form of oblique 
prisms with rectan^ar base. . , , „ . , ^ j 

Isatyde softens when heated, and then turns violet-brown (being perhaps converted 
into a mixture of indin and isatin) ; if the heat bo increased till the body is Imlf 
melted, it suffers further decomposition, yielding a substance which dissolves m alcohol 
and crystalhsos in brown-red needles by evaporation. . . , w , 

Boiling nitric acid decomposes isatyde, producing a violet powder which ultimately 
dissolves? Potash likewise decompost^ it, Ibnning isatato of potassium and indin* 
potassium, which ultimately changes to hydrindin-potassium and other products of 

unknown constitution (see p. 264). . . . , . , ^ u- u 

Erdmann (J. pr. Chem. xxiv. 15) gives the name of tsa(t/de to a substance which 
ho obtained by dissolving isatin in hot sulphide of ammonium. This subslance gave 
by analysis numbers agreeing approximately with the formula It wwi 

white very slightly crystalline, scarcely soluble in water, but soluble in ammonia, with 
red colour gradually changing to yellow. Pot asli dissolved it with deep-rod colour, dis- 
ajipcaring when the liquid was heated ; the solution, on cooling, deposited a ciystalhue 
salt, and yielded yellow flocks with hydrochloric acid. 

Clilorisatydes and Bromleatyde*. (Erdmann, Ann. Ch. Pharm. xxxiii. 129. 
-Laurent, Ann. Ch. Phys. [3] iii. 382 .)-/;/e///eris./Cy^/c C'«n'“CBN‘0\ is 
dueed by the action of sulphide of ammonium on ehlorisatin. It is white, crvstalliH- 
ahle, insoluble in cold water, sparingly soluble in hot water; moderately soluble iil 
iK.iling alcohol, soluble also, apparently without alterat ion, in a Iiot solution ot sulphido 
of potassium. Heated to 180^, it is resolved into ehlorisatin and chlorindin : 


2C'«1P®CPN*(P 

Ctiloiisatydo. 


C'HPC1*N*0‘^ + 

Chlorindin. 


2 CHPCIN02 + 

ChlorUatin. 


21PO 


Chlorisatyde is coloured red by ammonia, and partially dissolved. It dissolves m 
Innling aqueous potash, being converted into chlorisatate of potaHSiuro, which 
crystallises on cooling. The mother-liquor, treated ^K\\h hydrochlnric (Wid, yielAn a 
copious light-yellow precipitate, which is partially dissolved by boi mg water, the ii»^- 
luble part consisting of chlorindin, and the dissolved portion of ch Ion satydic acid, 
probably a prcsiuct of the decomposition of elilorindin. This acnl is dep<wit4»d from 
the aqueous solution in the form of a lemon-yellow mtbstanee, which foimu^ with 
txitash, a soluble salt having little tendency to crystallise. J he solution (pves, with 
salts of lead, copper and barium, yellow precipitates which redissolvc in the liquid 
when heated. ' 

Tetrachlorisatvde, C’HPCBNW.— Produced by the action of sulphide of 
ammonium on tetrachlorisatin. It resembles the preceding com^uiid 
posed in like manner by heat into tetrachlorisatin and U trachlonndin. It likewise 
l^haves in a similar manner when boiled with |>ofash, yielding, among other prodnetj. 
probably by a secondary decomposition of d»chlorindin.thej>r,tass.uni.Halt of a 
acid {dicUorisatydic acid) which, as the liquid cools, is deposited in yellow, shining 
laminae. , j j 

Tetrahromisatyde, resembles tetrachlorisatyde, and is prepay 

in a similar manner.^ It tnms brown when heated, and is resolved mto dibromisatm 
and dibiomindin. 


Svlplilaat]rde« 


Sidphasathyd^, (Lanrent, Ann. Ch. Phys. (^6) 


412 




ill 463). — Obtdned by aiUing alooholie potscb drop 
of disnlphuatyde : 

+ KHO 

Di8ulpliii«t|de. 



^l^lJcobollc Bolution 


+ rata 

Sulpbbatjrde. 


The liquid turns red, and after a few seconds deposits a white crystalline precipitate 
of sulphisatyde, which must be washed with boiling alcohol and dried. It genendly 
.^<1^ a r^t rose tint, due to the presence of a small quantity of iodine. 

,f Sulphlsia^eb when pure is a white, crystalline, inodorous, and tasteless powder ; it 
eiystallises from hot alcohol in microscopic rectangular scales. It is insoluble in water. 
Boiling alcohol dissolves only traces, which separate out on cooling in small crystalline 
scales. It is not more soluble in ether than in alcohol. 

Sulphisatyde, when heated^ melts, turns red, swells up, and decomposes, while sul- 
phuretted hydrogen is evolved, and a rose-coloured oil distils over, together with the 
vapour of a substance which crystallises in needles ; finally, there remains a bulky 
residue of charcoal. It is converted by nitric acid into a violet powder, which, 
in all probability, is nitrindin ; the solution contains sulphuric acid. It is decomposed 
by cola potash with formation of various products, among which is indin ; the solution 
evohTJS sulphuretted hydrogen on the addition of hydrochloric acid, and gives a pre- 
cipitate consisting of sulphur and a little reddish matter. On treating sulphisatyde 
with warm potash, hydrindin is formed. 

XMUnlpliisatyde. Sulphisathyde. (Erdmann, J. p. Chem. xxiv. 

16.— Laurent, Ann. Chim. Phys. [3] iii. 463.)— Produced by the action ofsulphydric 
acid upon isatin. 

The decomposition takes place in two stages, sulphur being first deposited, and 
isatydo produced, and this compound being afterwards converted into disulphatyde, 
with formation of water : 


and 


2C®H“NO« + H^S - 

Uatin. 

C'‘H'’N*0' + JR'S 

(Mtyde. 


+ S. 

Isatyde. 

C«®H»*N*02S» + 2IPO. 

I)ibul|>hiKatyd(>. 


Vreparation . — When sulphydric acid gas is passed through a boiling concentrated 
alcohmic solution of isatin, the liquid becomes pule yellow, and forms a crystalline 
'deposit, which increases on cooling, and consists of microscopic sulphur-crystals and 
scales (isatyde). The solution is left to itself for a week, that the gi*eater part of the 
sulphur may crystallise out; it is then poured off and mixed with a little water, and 
the resulting precipitate is removed, as it contains sulphur; it is then shaken up with 
more water, which precipitates the disulphisatyde as a brownish grey resinous sub- 
stance. (Laurent) 

Disulphisatyde, wlien dried, is a yellowish grey, inodorous, and tasteless powder. 
It does not crystallise from its alcoholic or ethereal solution, either on cooling or by 
spontanwus evaporation (Laurent). On drying at 110^ it always becomes bluish or 
brick-red ; if the solution is expo.sed to the air for some time before the addition of 
water, the precipitate is brow'ni.sh-red, (Erdmann.) 

Disulphisatyde swells up strongly when heated in a glass tube, and melts, with evolu- 
tion of sulphydric acid ; at the same time a brown oil and a needle-shaped sublimate 
are formed, and there remains a bulky residue of charcoal. When boiled with strong 
nitric it puffs up, evolves pernitric oxide, and dissolves; water precipitates yellow 
^m the .‘'•obit ion. In boiling nitric acid diluted with its pwn bulk of water, it 
Atid gives off nitrous fumes. If the reddish-brown swollen mass is treated, 
minutes, witli jilcohol, the latter takes up a rej^ish substance, which is 
^ in water, but soluble in potash, from which it is pnt^itated by acids. The 
IPMnsoluble in alcohol di.ssoIve8 in potash, and on neutfiming the solution with 
* white precipitate, insoluble in water, is formed, consisting of microscopic 
The liqnid obtained by the action of nitric acid contains sulphuric acid, but 
\ acid. Bromine acts violently upon disulphisatyde, with evolution of bromide 
iDr and hydrobromic acid, and forms a yellow mass containing bromindin, an 
yellow crystalline mass, and a little resin. Disulphisatyde dis.solves in strong 
uric aeidf with the aid of a gentle heat ; the red solution is not precipitated by 
water ; potash colours it green, but does not precipitate it. On treating disulphisatyde 
with wtash, sulphisatyde and various other products (amongst others, indin) are 
formed which, however, cannot be produced at will. (According to Erdmann, tb® 
solution deposits a ciystalline salt.) Ammonia behaves in a similar manner. With 
avid sulphite of ammonium^ at mean temperature, disulphisatyde produces various 
comjx)nnds, among which is found the ammonium-salt of a peculiar acid, called 
tulphisutanous acid. This salt tii>c^tal Usable, soluble in water and alcohol, and 



itfl alcoboHc Bolatlw4ste« with dicbloride of platinum, » yellow preoipitMe, whieh* 
when decomposed acid, yields the free acid. ^ 

When, on the other hand, disulphisatyde is treated with acid sulphite of ammonium 
at the boiling heat, there is generally deposited a mixture of indin with a white sub- 
stance which has not been examined ; sometimes, howeyer, a different reaction takes 
places resulting in the prodnetion of isatan (p. 404). 

XsBUir* Titaniferous iron. See Titanatks. 

ZSBTBXOirXO AOZB. C*H‘SO* = (Gm. viii. 428..-ae^h. ii. 284.) 

—This acid, which is isomeric with ethyl-sulphuric (sulphovinic) acid, and may be re- 

garded as ethylene-sulphurous acid, (SO)" j-0*, was discovered by Magnus in 1888 

H* J 

(Fogg. Ann. xxvii. 878), and has been further examined by Liebig, Hegnault, 
Woskresensky, Berzelius, Kolbe (Ann. Ch. Pharm. cxii. 241), and Cariu8(t^‘fi?. 
exxiv. 267). It is produced: — 1. By the ebullition of etliionic acid (ii. 628). — 2. By 
the prolonged action of strong sulphuric acid, or of sulphuric anhydride, on alcohol or 
ether, and is found among the residues of the prepanition of ether. — 3. By the action 
of nitrous acid upon' taurine, C*H^NSO*, which may bo regarded as the amic acid of 
isethionic acid. A solution of taurine in dilute nitric acid, treated with nitrite of potas- 
sium, is converted into isethionate of potassium. (W. Gibbs, Sill. Am. J. [2] xxv. 80.^ 
Preparation. — 1. Vapour of sulphuric anhydritlo is passed into absolute alcohol 
cooled by a mixture of ice and salt; and the rc^sultiug yellowish oily liquid is mixed 
with water, boiled for some time, and then satunited with carbonate of barium. The 
product tlius obtained is isethionate of barium ; if the water were added ^dually, and 
tlio liquid were not boiled, ethionate of barium would be produced, but no isethionate. — 
2. Vapour of sulphuric anhydride is passed for some time into anhj'drous. ether water 
is then added, which separates the exce.«»s of ether containing heavy oil of wins;; luid 
the solution is heated to ebullition ; it then gives off, first etlier, then aloohoVAud 
ultimately contains nothing but sulphuric and isethionic acids, which may be separated 
by saturation with carbonate of barium. 

To obtain the free acid, the barium-salt is cautiously doooinposed with the exSet 
quantity of sulphuric acid required, and the filtrate is evap )rated, first by gentle 
heating, then in a vacuum over oil of vitriol. > 

Isetliionic acid is a viscid, strongly acid liquid, which decomposes acetates and cottimoa 
salt. It bears without decomj) 08 ition a heat of 160°, but blackens at higher tempefa- 


lurcs. , 1*1 

The iscihionates, C^PMSO*. are obtained by decomposing the banum-salt with 
solutions of the corresf)onding sulphates. They are soluble and crystalHsable, and aw 
distinguished from the ethyl-sulphates, with which they are isomeric, by their jpuch 
greater stability, most of them sustaining, without alteration, a terapcjrature of 200° 
When an isethionate is heated with caustic potash, hydrogen is evolved, and there 
remains a mixture of carbonate, oxalate, sulphate, and sulphite, the proportion of these 
products varying with the degree of heat which has been applied. Isethionate of potas- 

sium, distilled with pentachioride of phosphorus, yields C^IPSO^CF, or ^ Qj* 

which, when heated in scaled tubes with ammonia, yields taurine (Kolbe): 

C^H^SO^CF 4- NIP + IPO « CTPNSO* + 2nCl. 
hethionate of amvwnium, C*H‘(NH«)SO^ forms well-defined octahedron^ which 
preserve their transparency in a vacuum, and do not lose weight at 120®. 

The barium-sale, C«H‘®Ba"S’0«, ciy'stallises in transparent six-sided pla 
may be healed to 300® without loss of weight. They malt hi 320®, and < 
u stronger heat, the salt blackening, swelling up to more than 100 tunas ita-^w 
volume, and giving off a liquid of very pungent odour. _ 

The copper^salt, C<H*»Cu'B*0'.2H*0, forms pale-green nght pnsms with m 
Imwk*, and bevelled with two faces resting upon the acute edges. At 140 %| 
white, and gives off 19’7 per cent, water of crystallisation. ^ 

The potaesium-talt. C ieKSO*. formg rhomboidal pri.m* which are tinaTt«a» I# 
the air, and bear without decomposition a heat of 300°. It melts between 8(^ Ma 
350°, formimt a liquid which, on cooling, solidifies into a fibrous mass hating tto. 
appearance of porcelain, and undiminished in weight. The salt mystallisei readily 
from boiling alcohol • , 

XSOBZVBBT. C*H»N»0* — A compound isomeric with biuret (i. 600), produesd 
by the action at ammonia on tribrom-acctyl-carbamide : 

CH*(C*Br*0)N*0 + NH* « (?H*N>0* + CIIBr* 

TrltMToiB-dicrtfl- 
cartMunfaU. 



liobiuret. 


Brotno- 

futm. 
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It dinolTM ipariiigly in cold, eMily fa hot water, and oyatalliaes ftwn the solution in 
long needles containing C^*N*0*.2H*0, and melting 186®, whereas binret forms 
indistinct crystalline ^aggpre^tions, and melts at 177®. In all other respects, the two 
substances resemble other exactly. (A. Baeyer, Aim. Ch. Pharm. czxx. 164.) 

ZSOBBOMOBBAliaXO ACZB. See Malbic acid. 

XSMAJFVTBaa. See Cajputbnb (i. 311). 

, XSOUBTAXMCXaB. See the next article. 

„^^»|0d«riO AOX2>. An acid discovered in 1864 by Bonis (Compt. 

rand, xxxht 923). It is produced by saponifying the oil of Jatropha Curcas (huile do 
tn4dicimer), the quantity obtained being 18 or 20 per cent, of the weight of the oil. 
After separation by pressure from oleic acid, and crystallisation from alcohol, it forms 
shining Sliiales which melt at 66®, and solidify again at 63-6®. Its silver-salt is soluble 
in ^ter, ver^ soluble in alcohol, melts when heated, and burns easily without odour, 
leit^g 41 residue of metallic silver. ’ 

^ Jbooetaie of Ethyl, C“H“(C’H»)0* prepared by the usual methods, is odourless, melts 
of the hand, and solidifies at 21®, remaining perfectly transparent, and 
;:.|KMtl1i|fl|iiig a ciystalline structure. 

■ ^j0Oetamide, C WNO, is obtained by heating the oil above mentioned with ammonia 
il| A sealed tube. It is white, nacreous, melts at 67°, and is not attacked by strong potash. 

ACZB. Syn. with Fulminuric acid. 

XS^MSBOMOBVCCZarzc ACZB. See Succinic acid. 

ZBOBZaZiTOOZ..ZTBTZiXirZC ACZB. (Barth and Hlasiwetz, 

Ann. Ch. Pharm. exxii. 96). — An acid isomeric with diglycol-ethyl enic acid (ii. 914), 
produced by treating milk-sugar with bromine and the product with oxide of silver. 
A bromine-compound of milk-sugar, C*H'®0*Br2, (not isolated) appears to be first 
formed ; and this when treated with moist oxide of silver yields bromide of silver, 
and the acid, C"II“*0®. 

The acid is prepared by heating 30 grms. milk-sugar (1 at. = C^H’^O*) with 60 grms. 
bimnine and half a litre of water, to 100® in strong well-closed bottles. The somewhat 
diluibe yellowish solution is neutralised with moist oxide of silver (or oxide of lead) ; and 
the filtered solution is decomposed by sulphydiic acid, evaporated at a gentle heat, mixed 
with alcohol to remove a little lime, freed from alcohol by distillation, and saturated, 
while still hot^ with carbonate of cadmium. The slightly acid solution, decolorised 
iHth asdinal charcoal, yields the cadmium-salt in groups of granular crystals. To 
; ^flbtaitl^e free acid, the cadmium-salt is rubbed up to a thin paste with water, and de- 
conCpti^ while hot by sulphydric acid, and the filtrate is evaporated to a syrup, which 
dries up to a soft, hygroscopic!, crysUillino mass. — This acid may also bo 
Obwplld, without the formation of the intermediate bromine-compound, by treating 
inil»>||lgar with half the preceding quantity of bromine, neutralising the solution with 
earbbpate of sodium, and boiling. 

^“ '‘cid, agreeing with the preceding in every respect excepting the amount of its 
r power, is obtained in like manner from gum-arabic. With starch only, a 
of an uncry stallisablo acid mass is obtained. Mannite, cane-sugar and 
iijfclAAtw with bromine and water, form hydrobromic acid, which then gives rise 
‘'prifiation of humus-like products. 

glycol-ethylenic acid dried over oil of vitriol contains 13*9 per cent, water, 
m nearly with the formula, 2C*H'®0®.3H20. It has a strong acid reaction, melts 
IfiO®, and bums on platinum-foil, giving off the odour of burnt sugar. It 
in ^cohol and is precipitated from the solution in' flocks by ether. The 
. folutionis not precipitated by neutral or basic acet^ of lead, mercuric nitrate, 

i baryta, or lime-water, but forms a white precipitate yiih ammoniacal sugar of 
The ammonium-salt reduces an alkaline cupric solunOT, and forms a speculum 
i^i^lpated with nitrate of silver. The acid possesses optical rotatory power. 
"libk^-ethylr?iate of ammonium, C*II*(NH^)0*.H*O, ciystallises in large, trans- 
k l^ssy crystals of the monocHnio system. It dissolves in water, is nearly 
ble in alcohol, and gives off all its water at 120®. 

I cadmium-salt crystallises from a hot-saturated solution in granular amwegates 
. , finwlinic needles containing C'*H'*Cd"0»8H*0; from dilute solutions, or from 

inotoer-liquor by slow evaporation, in well-developed monoclinic crystals, mostly 
united in tufts. Both these hydrates, especially the former, are sparingly soluble in 
water, and both retain all their water of ciystallisation till heated to 160®. 

The ealcium-saU, C»H’»Ca"0'*.7H*0, cnrstallises in crusts, or from more dilute 
TOlntions in large shining plates ; it gives off 4 at. water at 100®, and the rest at 140®. 
There is also a calcium-salt containing only half as much water as the preceding. 

The barium- and strontium-salts are gummy. 
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The is eoliible and amorphous. 

A Ua^ialt Imring appoximately the composition, C*»H**Pb''0'*.4Pb'*0.H*0, is ob- 
tained as a white precipitate on treating the solution of the acid with neutral acetate 
of lead and ammonia. 

The potamum-salt forms a viscid uncrystallisable mass, easily soluble in water, and 
precipitated by alcohol. 

The nlver^salt is a gelatinous, easily decomposible precipitate, formed only in ooncen- 
trated solutions. 

The sodium-salt forms tufts of prisms, which in the air-dried state o6nts& 
C*H*Na0*.2H*0, and give off half their water at 100®. 

Z80MBMC81IS* This term is derived from loos equal, and /nipos part, end its employ* 
mcnt by chemists is an expression of the fact that very different chemical eompounas 
have sometimes identically the same ultimate composition. 

Two or more different bodies which are composed of the same elements, and df "^the 
same proportions of those elements (i.e. which have the same percentage oompoiitill^ 
are said to be isomeric. ^ 

Isomerism is sometimes used in a narrower sense, being made to signify ^uali^ tf/ 
molecular weight, as well as identity in percentage composition. When the oompoiilidi 
have the same percentage composition but different molecular weights, the term poly-i 
meric is employed. Thus there are the terms Isomeric (in its wide sense), signifyipg 
that the different bodies have the same percentage composition ; Folyme.rioi sigflil^'titg 
that these different bodies have the same pcrccntjige composition, but differapt mole- 
cular weights; Isomeric (in its restricted sense), sometimes called Metamerio^ that the 
bodies have the same percentage composition and likewise the same molecular weight 

As might naturally be expected, cases of isomerism abound in organic chemistry, 
wh«*re an enormous number of compounds result from the combination of very few 
elements. The following organic substances may be cited by way of illustrating the 
en)ph)ymont of the term isomeric and its congeners. 

Butyric acid , , , , . . * ^ H | ^ " 

Acetic ether ^ 


Aldehyde 
Oxide of ethylene 




'JJo - 


cwo* 


C^H^O 

C*H«0 



. (C*H<)"0 

Those four bodies are quite different, and have the same percentage compositioil -ijl,. 

Carbon . 64*55^ f ; 

Hydrogen 9‘09 J " 

Oxygen •••••••*.*• 36*36 

To6*6o 

They are Isomeric^ or Isomers, using the term in its widest sense. 

Again, butyric acid and aldehyde have different molecular weights ; — 

Butyric acid C*H"0* m- $$ 

Aldehyde C'-'H^O - 44 

Butyric acid and aldehyde are therefore Polymeric, 

Similarly acetic ether and aldehyde arc Polymeric, or acetic other and oxide of eth* 
are Polymeric, or butyric acid^nd oxide of ethylene are Polymeric. 

Again, butyric acid and acetic ether have the same molecular weights, via^ *. 

Butyric acid , . . . . • • • «> 88 

Acetic ether C*H“0* •• 88 

Th^ are therefore Isomeric (in the restricted sense) or Mctameric, Aldobyd# 
oxide of ethylene are also metamcric bodies. i- 

Closely related to the term isomerism is the term allotropy. Both of them ^ 
reference to the same snbstantial fact, viz. that different substances have somctinies ' 
same ultimate composition ; but they differ in their manner of stating it. Isomeric r 
allotropic are in fact complementaiy terms, “ isomeric ” being employed to predli 
identity of composition between different bodies, whilst allotropic " expresses di 
rence between bodies of identical composition. 

Such being the force of these words, there is a certain propriety in their usage; thus 
whilst it is correct to say, “ Butyric acid and acetic ether are isomeric,'' it should ba 
“ There are allotropic bodies of the formula, C^H^N.” The same reason which enjoins 
the use of “aUotropic” in this case, prescribes it in the instance of single elements; 
thus, for example, we wsd of “ allotropic kinds of sulphur,” but never of isomeric kinds. ' 
It is worthy of remark that cases of isomerism occurring in inoiganio chemistry, are, 



,^^y.'^^'V.'4'. ': ' ■ >> ;'V -r---' •• ^ • 
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usually described by employiug the word allotropy or allotropies whilst the revmt^ 
obtmna m orgmie chemietty. This may be pMy asenbed to there being alwan a 
very wide difference^r else no difference at all-in the composition of any deSuite 
inoiganic substances ; and hence the fact of identity or non^identity of composition 
being so easily ascertainable, it is implied in the form of expression, whilst the fact of 
difference of properties alone needs to be made the subject of formal predication. 
Amoug organic bodies, on the other hand, it continually happens that the differences 
of composition are quite decided, and yet so very minute as to tax the utmost powers 
of chemical analysis for their recognition ; and hence the superior dignity which the 
mere affirmation of identity of ultimate composition acquires in the oiganic depart- 
ment of the science. 

The principal examples of allotropy or isomerism, t.e. of the coexistence of identical 
ultimate composition with difference of properties, will now be considered. 

Hydrocarhons.—\. The olefines, a numerous class having the general formula, 
O'H*", form a very remarkable case of polymerism. Methylene, the lowest terra, where 
is wanting, and appears to be an impossible body ; for many reactions in which 
it should be produced yield the higher terms instead. The olefines at present known 

• Vapour- Boiling* 

. dengity. point. 

Ethylene C*IT^ 097 • . 

Propylene C*H* 1*45 . , 

Butylene C^H* 1*94 . . 

Aniyleno CnV^ 242 36° 

Hexylene CHI'* 291 69® 

Ileptylene C/W* 339 95® 

Octylcno CH** 3*87 125® 

Docatylcne (paraniylcne) . . . 4*84 166® 

Cetylene 775 276®. 

By the destructive distillation of wax, Brodlo obtained cerotone, for which the formula 
has been given ; but there is in reality no reason whatever why rather 

than any other out of a considerable number of formulae, should bo assigned to it. 

The percentage composition of the olefines is 

Carbon «=■ 8572 
Hydrogen « 14-28 
lOlhbb 

They present a certain general chemical character. All of them combine with chlo- 
tud bromine with great readiness. They differ in vapour-density, those near the 
MM^tuning of the list increasing regularly in vapour-density by 0 4844. The first two are 
pi^lieous at ordinary temperature and pressure ; the third is a very volatile liquid boiling 
0® 0. ; the others on the list are liquids of which the boiling-point rises as the 
increases ; and the very complex olefines which, being uncertain, are not on the 
usually believed to be solids. It will be observed that the increment in boiling 
for the addition of CH* to the formula is large ; between amylene and hexylene, 
l^iuflftance, it is 34®. As the series is ascended, the increment becomes, no doubt, 

, fuceeasively smaller and smaller. 

^The specific gravity of the different olefines in the liquid state seems to increase as 
the formula increases. 

There are certain well ascertained chemical differences between the olefines. Thus 
the amount of olefine which will saturate a given quantity offchlorine, or of bromine, 
differs according to the olefine taken, being proportional Jb the vapour-density. The 
molecular weights of the different olefines express their «jurating capacity: because 
th^vapour-densities are proportional to the molecular weiffm. 

jBach olefine may be prepared from a peculiar alcohol, t&d in general may be made 
lo yield that peculiar alcohol by certain simple processes, e. g. : 



Ethyl Ic mlcohol. 

C>H«0 - 

H*0 

Ethylene. 

- C*H* 


Amvllr Alcohol. 

C»H'»0 - 

H»0 

Amvlcne. 

- C*M’* 

and again : 

Rthylrno. 

C^H* + 

H»0 

Ethylic Alcohol. 

- O'HH) 


Amrlcne. 

01V* + 

H*0 

Amvlic alcohol. 


If the alcohol and the olefine standing in these relations to it be compared, it will 
be seen that they resemUe one another in the number of carbon-atoms contained in Uieir 
moleculeii. 
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The explanation that ehemists give of the difference between the oleftnee ia that their 
molecules are of different degrees of complexity, and tHat> in fact, different carbon- 
radiclee az^ contained in them. Thus in ethylene we have the carbon radicle, C*, and 
accordingly, ethylene is easily obtained from certain compounds containing the radicle 
C\ and easily yields derivatives containing the radicle C*. Again in amylene there is 
the radicle C*, and amylene is obtained from compounds of C*, which it in turn may 
be made to regenerate. 

The olefines present a very curious example of polymerism, being at one and the 
same time polymeric and homologous. Recent investigations render it probable that 
there is also isomerism in its restricted sense (or metamerism) among the olefines. It 
appears that there is more than one l>ody having the formula, C*!!'-’, the hexylene de- 
rived from mannite appearing to be allotropic with that got from other sources (p. 166). 

It would seem also that there are distinct varieties of amylene. 

(2) Among compounds of the general formula, C"!!'*"'*’''*, tliere is a wide fit^ld for me- 
taniorism, but jwlynierism is obviously an imfx>ssibility. 

Two classes of compounds are commonly rot'ognised as possessing this genera) 
formula. These are the alcohol-radicles and the alcoh ol- hydrides. 

M(‘tliyl, the simplest alcohol-radicle is metamoric with etliyl-hy(iride. 

Methyl = C*II* 

Ethyl-hydride . • . . . . * ^ II | ~ 


And, advancing higher in the series, the possibility of eases of metamerism becomes 
luurii greater. Thus putting n — 6 in the formula, we have the following 

im fameric compounds, all included by the expressions liydride and aleohol-radiele : 

Hexyl-hydride 

Methyl-amyl 

Ethyl-tctryl j = C”H'* 

Tritjl-trityl C'jl’ | 



fcnp 


cw 


fCHH 


fC’in 

fC<H» 

CIV 

j 

CIH 

I 

C‘IH 


CII», p. 

CIP. J 

CIV ' 


CH*’ 

H ’ 

j 

cjr»' 

H » ^ 

11 

1 

1 CH» 

1 

i H 

1 

[ H 1 

1 H 


Tliero is, however, no reason for believing that alcohol-radieles and alcvdiol-liydridoH 
fu'iii tin* only classes of eomponnds embraced b}' the formula, Nothing tUlktji! 

'Vf k)io\v would lead to the rejeelion of, for instance, the following additional allot! 
compounds having the formula, C"H“. 

c»n" 

II 

If 

H ^ 

Respecting the actual differences l>etween isomers having the general lormiila 
('njf very little is positively known. A differenee in the action <»f dry chlorin# 
ui»on methyl and hydride of ethyl, has been observed ]>y Fraiikland, metliyl yielding 
('■'IRCl- as a gaseous compound, wdiereas ethyl-hydride gives as a li*jujd. 

Schorlemraer, on the other hand, who has experimented under different wndjlioAH, 
obtains from methyl abody which has the composition, vapour-density, and boiling p<)int 
of rliloride of ethyl. He has not, how’cver, obtiiined common alcohol from it, and whclhei 
it l>e or be not identical witli chloride of ethyl remains, for th<! present, undecided. ^ 

The hydride of tetryl, which occurs in petroleum, is a very volatile liquid, Ixnling 
at al)out 0® ; ethyl is a gas which does not condense at —18^, under the ordiaai^ 
atmospheric pressure. 

Hydride of tetryl and ethyl are metamcric. ^ ^ 

The hexyl-hydride derived from mannite by the ac tion, first of hydriodic acid, and tben 
of zinc and alcohol, is remarkably insensible to the action of chlorine, oven in tho pro- 
»^nce of iodine and water. The hydride of hexyl occurring in petroleum, on tho other 
liand, seems to be readily attacked by that agent. 

The circumstance that those fi hexyl compounds from which the hexvl-hydnde of 
mannite is more immediately derived, tend to split up on oxidation, lends some kind 
of support to the notion that the formula for the mannite-hydride is 

fC"H‘ 

CH» 

CH^ 
lCH» 


<C^H» 
i C»H»* 
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but much remaJiM to be done before any very ^aitire opinion can be formed of the 
nature of the metamerism subsisting between this mannite-hydride and the commoner 
hexyl -hydride, 

8, Two compound® with the empirical formula CH, viz. benzene and acetylene, pre- 
sent a curious case of polymerism. , , , . , X , 

These compounds have a certain likeness, bcth being products of the action of a 
very elevated temperature, but in other respects they are very unlike. 

Benzene 0®H*, is a liquid, and is related to benzoic acid and phenylamine. Acetylene, 
is a gas possessing the peculiar property of attacking certain metallic solutions, 
such ’as ammoniacal solution of cuprous chloride, and is related to common alcohol. 

4. A large number of volatile oils dilfering much in smell, tiste, boiling-j^nt, 
action with reagents, and in other important particulars, have had the formula 
assigned to them. To this class belong the different kinds of oil of turpentine, oil of 
lemons, neutral oil of cloves, oil of clemi-resin, carveno, and some others. Kespecting 
these IxKlies, the remark may be mado that wo are, for the most part, quite iguo- 
rant of their true formula : for, in the almost entire absence of derivatives, the more 
analysis of such hydrocarbons by our present methods is totally inadequate to distin- 
guish between a variety of non-isomoric forinulfe, all equally probable. 

Isomers containing Carbon^ Hydrogen^ and Oxygen. 

Both metamerism and polymerism occur very abundantly among those compounds. 

(1.) The ethers of the organic acids afford room for endless metamerism, as will bo 
apparent on a little consideration. 

Acetate of methyl, 1 0, is metameric with formate of ethyl, 1 0, and witli 

propionic acid,^*^^ ^|o. It is obvious that if we subtract from tho acid-form- 
ing radicle and add wClP to the alcohol-forming radicle, or mce versd, we must get a 
motamer. Hence it follows that any other of an organic acid must have many metamers, 
if its molecular weight bo tolerably high. IltTo is an example : — 


Valerate of amyl 

CHPO 

* C^H" r 

mm 

C'^IP^O* 

Butyrate of hexyl 

C‘IPO 

• cnr» p 


C-OIPO^ 

Propionate of hoptyl . * 

C»IPO } ^ 

8S 

C«oK=ooa 

Acetate of octyl . 

* eii'^ j ^ 

- 

C.ojpoQa 

Formate of nonyl 

cno 


CioipoQJ 

Caproate of tetryl • • 

cni'-o>(3 
• cw p 

= 

QiojjsoQa 

CEnanthate of trityl • • 

• cm-’ p 

- 

C>oii2«o> 

Caprylato of ethyl • • 

• C«H* 

* 

CiojjJOQa 

Pelargonate of methyl 

• CIP 



Rutic acid .... 





Thus there are no fewer than nine metjimers of valerate of amyh Tho difference 
between metamers of this kind is very neatly defined by reactions, saponification 
with potash yielding a different alcohol and a potassium-salt of a different acid in each 
cose. For example, valerate of amyl gives amyl-alcohol and valerate of potassium, 
whilst butyrate of hexyl gives hexyl-alcohol and butyrate of potassium. 

This kind of metamerism is, of course, not confined to the fatty -acid series : whenever 
there are homologues of the acids— no matter what the series to which the acid belongs 

guch metamerism is possible. And of course tho same renmrk applies to the alcohol, 

the aromatic and tho allylio series admitting of just the same kind of metamerism as 
the vinic series. 

(2.) Every alcohol in a series, except the lowest one, is metameric with one or more 
ethers, thus 

C*H*) 

Common alcohol . . . • • H 1 ^ 


C*HK) 
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Methjl-etiber . • 

or higher up in the scale;—* 
Amyl-alcohol • . 

Tetryl-methyl ether . 

Trityl-ethyl ether • 


. - CW)- 

s. C*H'*0 

• 


The action of iodide of phosphorus upon these different compounds enables us to dis- 
tinguish them immediately. 

(3.) The aldehydes are metamcric with kt-tones, with alcohols of tlio allylic series, 
ana with ethers of the glycol series, thus: 


Propylic aldehyde 

Common acetone 

Allylic alcohol . 
Oxide of trifcylene 


C»H‘0) 

H i 


C*II*0 
CH« 
C»IP 
H 




• cwo 


- C*HO 


« C*TTO 


These four compounds are Tory easily distinguished from one another ; the first is 

asily oxidised to ^ “» — i...* 

lower fatty acids 


easily oxidised to propionic acid ; the second gives no propionic acid on oxidation, but 
cids instead ; the third gives aci^oin ana acrylic acid; the fourth lactic 


acid. 

(4.) Ketones are metamcric with other ketones and with aldehydes and compounds 
mctumeric therewith. 

The metamerism with other ketones is xcry easy to understand. The rational formula 
of all ketones consisting of an acid-forming nnlicle coiyoined with an alcohol-forming 
radicle, it follows that transference of wCH^ from one radicle to tlie other will yielq 
isomeric bodies. Thua, for instance, we have isomers in 


Methyl-valeryl 


. and Ethyl-butyryl 


c«}ro) 


Our knowledge of the ketones is very slight, but it is to be expected tliat these two 
compounds would give different prcaluets on being oxidised. 

Mtiameric Alcohols . — It has recently l)een discovered that there are at least two 
pericai of alcohols, the corresponding terms of whicli arc metameric, well-marked differ- 
ent'es having been r» cognised between comjajunds with the composition of hexylic 
Hle<»hol, and also l>etween compounds with the composition of amylic alcohol. It is at 
p^•seniuncertain what the nature of this metamerism is (sec IlKXYL-Ai.ctaiOLS, p. 152), 
but it seems to affect the tobil constitution of the two sets of comfxmnds. 

A more superficial kind of difference was noticed by Pasteur, some years ago, be- 
tween varieties of amylic alcohol. Ordinary fusel-oil was found by Pasteur to be made 
up of two liquids having the composition of amylic alcohol, but slightly different in 
properties, the one being without action on polarised light, whilst the other tura^ the 
piano of a polaristnl my to the left. The derivatives of each of those varieties of 
aniylic alcohol possess the same action on polarised light as the alcohols themselves, 
and present some differences in solubility, &c., but on the whole they are raarvellouslv 
similar. Chemists arc not agreed how these varieties are to be reganied, it being still 
uncertain whether a mere difference in action upon polarised light points to any but the 
very slightest difference in constitution. 

Metameric There is some reason for believing that the fatty acids, when ' 

they are in the liquid state, have twice the molecular weight which their vapouw have 
when heated up to 300® and higher. Their great t#?ndeiicy to form double salts, and 
the fact that their vapours at low temperature —whether under great or small pressure— 
have a double density, point to this conclusion. 

Admitting the double formula for the fatty acids, some very interesting caaea of 
metamerism arise. Thus, propionic acid is metameric with butyr-acctic acid 

CniH) ) 

Propionic acid . . . C^H'O |0* « 

C<H»0 ) 

Btttyr-acetic acid . . . * C*H»*0* 


Ii2 


'4izib 
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and, in like.manner, each term of the series, except the end ones, is metamerie with t 
compoTind acid fbmed of the next below united with the next above. It is worthy 
of r^ark as a fact in the history of organic chemistry, that butyivacetic acidwi 

mistaken for, and described as, propionic acid. . 

The rnhjiideB of the aromatic and fatty acids offer a systematic motamensm, e.p..- 


and 


Aceto-valeryl Hiihydride , . ^ 

Fropio-butyryl anhydride . 


are metamenc. In fact there is, among these anhydrides just a repetition of the case 
of the ethereal-salts of the orpnic aeids; by making nCH^ move from the one radicle 
to the other, endless metamerism arises. 

No case of metamerism between two single fatty acids has yet been made out; but 
in the aromatic series, there are such cases ; thus there are two benzmc acids. 

A very remarkable example of metamerism is afforded by the different vaneties of 
tartaric acid and racemic acid. There is a tartaric acid which polarises to the right 
(the commonest), another which polari.ses to the left ; racemic acid, from which both 
varieties of tartaric acid maybe obt.iined; and, finally, a tartaric acid without any 
action upon polarised light. All these substances are luetameric, having the formula 

C'H«0“. 

Vohjatomic Alcohols. -WannWe. and melampyrin are metamerie, both of them having 


the formula 


CTI'^O®. 


The most striking difference between thc.se bodies is to be found in their degrees of 
solubility in water — mannito being comparatively soluble, melampyrin comparatively 
insoluble. .In nvictions they are, so far as is known, vi^ry similar. 

There sei'm to be many metamers both of grape-sugar and of cane-sugar, but little 
is known with eortainty re.specting them. 

Examples of polymerisrn arc not by any means so numerous among the compounds 
of oiwhon, hydrogen^ and oxygon, as w'e have found the examples of metamerism to bo. 
There can bo no polymers either of tlie vinic alcohols or vinic ethers. 

The fatty acids, and the others of the fatty acids, are polymeric with more complex 
acids, or with compotinds of the sugar-class; but even among tliern, there is nothing 
approaching to the endless metamerism whieli has been referred . 

Acetic acid offers one of the best examples of a fatty acid polymeric with several 
■uhstances : 

2(CTPO) =- C‘-TrO% acetic acid, 

3((’H*()) - luetic acid, 

OM’U'O) = grape-sugar. 

By doubling the formula of any aldehyde, we g('t the formula of a fatty acid, thus: 
C'ir’O, common aldehyde, 

CUI"0=, butyric acid. 

By tripling the formula of an aldehyde, wo get the formula of an acid of the lactic 

•©rice, , 

C’H‘0, common aldehyde, 

C«H'*0*, leucic acid. 

Grape-sugar is polymeric with ctbyl-carbonic acid: Grapo-^^^ - C‘H'K)«; 2 mole- 
cules of <?thyl-carbonic acid « 2.CPH*|o’ = 2C*II*0* =» 

Isamera eontaining Carbon, Hydrogen, and Nitrogen, 

(1,) Metamerism among the compound ammonias. 

The following compound ammonias have the formula C*H’*N : 

Hexylamine , . . • § ^ 

OH“ 

CH’ ^N « C*H'»N 


Amyl-methylamine 
Tetfjl-ethylamine . 


:h» [n . 
H i 

1“ 


C’H* 

H 


C-H^N 
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Tetiyl'dimethylamine 

Di-tritylamino 


Trityl-ethyl-methylamine 


Tri-ethylamine 


C*H» 

CIP 

CH* 

C»H» 

H 

C*H» 

C^IP 

CH» 


N 

N 

N 


cm^ 

C'^lP 


N 


C«H‘»N 

Ofl'^N 


C«H'»N 




A very neat reaction distinguishes the different compound ammonias fmm one 
another: on treating them with nitrous acid, they give up their different alcohol- 
radicles in the form of alcohols. For example, the first base on our list, hexylamino, 
when so treated, would yield hexyl-aleoliol ; the second, amyl-ulcohol and methyl- 
alcohol ; the third, tetryl-alcohol and ethyl-alcohol, &c. 

According to the foregoing, triethylamine has six distinct mctamcrs : but if, as is 
by no means unlikely, each one of the three atoms of hydrogen in ammonia has a 
different function, then the metamei*s of tricthylainino will become very numerous 
indeed. 

It Mill be obvious that the higher we go — the higher the molecular weight of a base 
— the more numerous are the possible metainers. Thus tricetylamine, has 

C"aP>) 

upwards of 300 metamers, each of which should give a diffon'ut re.^ult with nitrous 
acid. 

In addition to this kind of metamerism, due to the presence of different alcohol- 
radieles in the bases, there are other kinds of Jiietarnerism among the compound 
ummonias. 

There is, for instance, the well-known case of the bases parallel M'ith phonylamino, 
b< nzylamine, &c. 

Phenylamim; = =» Ficolino 

Fenzylamine = C^PN « Lutidine. 

&c. &c. &c. 


Tlie probable explanation of the metamerism in this ca.so is that phenylamino is a deri- 
vative of benzene, (C'^H*), whilst picolinc is derived from a hydrocarbon 

Phenylamino = (Cni^yNlP 
Picoline « (C®lPy"N. 


Put, whatever may be the nature of the difference in constitution between those two 
bases, the difference in properties is very striking : 


Phenylamine boils at 185°: 
very slight smell : 
almost insoluble in water: 
specific gravity at 0° ■■ 10361 ; 
gives rosaniline or mauveine, &c. on 
treatment wdth various oxidising 
agents. 


Picoline boils at 135°: 

most pungent and ba<l smell : 
very soluble in water: 
specific gravity at 0° « 0-9613. 


and the contrast might be carried much further, 

A third series of bases, raetameric with the foregoing has beon discovered. The 
best investigated term of this series is /8-lufidine, which is obtained by the destructive 
<li«tillation of cinchonine. It is less soluble in water than common lutidine, boils 
rather higher, has a different smell, &c. 

It is possible for two atoms of nitrogen to coalesce and form a group requiring cither 
two or four hydrogen representatives for its saturation. Three or even four atoms of 
nitjTogen also coalesce. Among the bases so resulting there must be almost infinite 
metamerism. 


(2.) PoiyTnerism among the Compounda of Carbon^ Hydrogen^ and Nitrogen, 

Cyanide of ethyl and cyanethino are polymeric, the formula of the 
limes that of the former. 

C*H*N « Cyanide of ethyl 
«• Cyancthine, 
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The former if ft liquil the latter a solid possessing the properties of a weak base. 
It is probable thftt the rational formula of the latter is ; 

N«. 

C»H»^ 

It will be obvious that the existence of compound ammonias containing more than one 
atom of nitrogen in the molecule opens the door for much polymerism. 

Isomers containing Carhony Hydrogen^ Nitrogen^ and Oxygen, 

The metamerism between cyanate of ammonium and urea, is one of the oldest known : 

Cyanate of ammonium 1 ^ ** CH*N*0* 

= CHWO. 

Although cyanate of ammonium is transformed spontaneously into urea, yet there is a very 
great Sfferonce between the characters of the two compounds. One striking difference 
between a solution of a cyanate and a solution of urea is the comparative stability of 
the latter. 

Glycocine and nitrite of ethyl are metameric : 

Glyeooine C.H«NffOjo = 

Nitrite of Ethyl C^IPNO*, 

but are utterly different in properties. Glycocine (sugar of gelatin) is a crystalline 
solid. Nitrite of ethyl is a liquid, 

Anthranilie acid C^IPNO* 

Benzamic acid ...*.••• Cni^NH^O* 

Salicylamide . C'H^NIPOO 

Nitrotoluene C^IFNO* 

are metameric. 

Besides these, there arc many more examples of metamerism among compounds of 
carbon, hydrogen, nitrogen, and oxygen, but wo need not particularise tliem. 

Polymorism also occurs in abundance. A very frequently cited example of this is 
afforded by 

Cyanic acid CITNO 

Cyanuric acid C»1PN>0> 

pulminic acid, is also polymeric with the above, but it is only known in the 

form of its salts—oot in the free state. 

Organic Isomers containing various elements in addition to the so-called Organic 

Hemrnts. 

They are very abundant. A good example of metamerism between chlorinated com- 
pounds is affoi^d by dichlorido of ethylene and chloride of monochlorethyl : 


Chloride of monochlorethyl, C*H*CIC1 ; 
l)oils at 64®; ^ 

specific gravity at 17° «= 1’174; 
with alcolfchc solution of potash, 
hardly anJtSeuction ; 
with potassium gives no reaction. 


,^v> Bichloride of ethylene^ (C^H*)^!*, 
boils at S6® ; 

specific gravity at 18® *= 1*247 ; 
with aVroliolic solution of j[X)tash, 
gives C«1I*CI + HCl ; 
with scKlium in presence of ether 
gives C-H* + 2NaCl ; 

A veiy interesting case, from the extreme simplicity of the comt^ounds, is to be found 
between the chlonne-derirative obtained by direct action of chlorine on marsh gas, and 
common cMoride of methyl. Both of these compounds have the empirical mol<*t‘ular 
formula, CH*C1, and both are gaseous at ordinary temperatures and pressures, but 
they possess some unmi^akablo differences in profKTties. 

There are ewresponding brominuted cimipounds — B u n s e n obtained a gas from brom- 
bydrate of cacodylw acid. The composition of the gaa is the same as that of bromide of 
methyl, t«., CBf*Br; but whilst bronude of methyl is a liquid boiling at 13®, Bunsen’s 
brommftted gfts nof liquefy below — 17° C. 

Many moie oIr of isomerism among these semi -organic and semi-inorganic com- 
pounds nd^t be iidled. 
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homers atmng Inorganic Substances, 

As before remarked the instances of inorganic isomerism are usually called instances 
of allotropy — isomeric substances and allotropic substances being nojwly eqtdvaleut ex- 
pressions. 

The elementary substances themselves offer many examples of isomerism. Thus 
oxygen appears to be capable of existing in two allotro))ie states ; in one condition it is 
known as ordinary oxygen, in the other as ozone. Ozone and oxygen are isomeric 
bodies. Formula for oxygen = O’; formula for ozone «= 0‘ (?) Experiment has 
shown that the molecular formula for ozone is higher than that for oxygtui ; but how 
much higher remains an open que-stion. 

Sulphur, phosphorus, carbon, and many other elements present somewhat similar 
examples of allotropy or isomerism. 

Inorganic compounds, such as the various form.s of silicic acid, of scsqiiioxide of iron, 
of sesquioxide of chromium, of alumina, miwt be clas.scd among sulxstancos uiforiling 
examples of isomerism. 

There seem to be two allotropic states of peroxide of nitrogen. The coni|K)Und NO* 
is a deeply-coloured gas at 100®. The compound N*()^ is a liquid boiling a little 
b('low 30°.*^ Its vaix)iir-density i.s double that of the former body. Altogether, in- 
organic isomerism is a very wide, but fts yet a very ill-cxj)lored field. 

The explanation of the existt-nce of isomerism will luiv(‘ l)ecomc sufficiently clear 
from the course which Ints been followed in de.‘ccribing the different examples of it. 

“ Jt is of consequence how the atom.s of a compound ait* arranged as well a.s what kind 
of atom.s they are,” and hence tlu*re may be very many totally different substances 
composed of the same ultimate atoms. This is in fact the whole philosophy of iso- 
meri.''m. *J* 

XSOMORPHXSMk (ftros, equal, and form.) Crystalline form affords, as is 

wt 11 knoMii, one of the mo.st valuable physical distinctions between different substances, 
inasmuch as each clement, and each compound, crystallisi's for the most jiart in forms 
which are reducible to one or two primary forma. Jlauy, who first directed attention 
t<» tlie importancoof this churaeftT, laidit elownasa general law, that every sidistance Inusji 
jtrirnary cry.stalline form peenliar lo itself, and therefore that a ditrcrenco in the primary 
toi'ins of two cry.stals may always be fak<’n as evidimce. (»f difference of eomposition. 
Hut towards the end of the last, and the beginning of flie present century, variquH 
o^^(‘rvations were made tending to dispnive the generality of this law. The similanty 
()f lorrn between plio.sphale of ealciutn (aj)atite) and phosphate of lead (pjy^romorphitc) 
was noticed by Werner. Leddanc in 1787, showed tliut a mixed solution of ferrous 
and cupric sulphate.s deposits crystals containing both copper and iron, always of the 
sane form, but witli consideralX* variation.s in the j)roj)ortions of the two metals; also 
tinO alum ( ontaining a considerable quantity of b*rric oxide crystallis(*8 exactly in the 
sanu’ form as pure idumino-potassic snlphut«‘. Van quel in, in 1797, showed that the 
same form i.s exhibited by alum, when it contains a considerable quantity of ammonia 
in place of I'Otash. Bert bier, in 1806, pointed out the great similarity in the form of 
calc-spar, bitter spar, and spathic iron— a resemblance confirmed by the more exact 
mcasun'ments of Wollaston; and Gay-Lussae, in 1810, showed that a crystal of 
I>ota.sh-alum immersed in a solution of amnionia-ulum increases in bulk witliout 
alteration of form. These and other isolated observations of similar imf)ort may bo 
said to have prepared the wuiy for the establishment, by M i tscherlich, of the general 
law of isomorphism, which affirms that bodies having a similar chvmuial constitution 
have also the same crystalline form^ as determined by the mensurnnent of their angles, or, 
in other w’ords, tXiAi aiialogous ckvunts and groups of elniunts may rejdace one another 
tn compositum without essential alteration of crystalline form. M i tscherlich s first 
observations, presented to the Berlin Academy of Sciences in 1819, relafed to the iso- , 
morpliism of the phosphates and arsenates, and showed that the corresponding salts of 
phosphoric and arsenic acids containing equal numbers of atoms of water, crystallise in 
the same forms. Similar observations were subsequently made upon the sulphates, 
selenates, ir.anganates, and chromates; the protosalts oi raa^f?sium, zinc, cauniiuni, 
manganese, iron, nickel, cobalt, and copper, and the sesquismts of iron, aluminium, 
chromium, and manganese, the corresponding salts being supposed in all cases to contain 
c-qual numlsers of atoms of water. , 

Boilies having apparently an exactly similar constitution arc not nec^’ssarily iw- 
»norphou8, but are rather divi.sible into two or more groups, of which the respective 
members are isomor|)hou8 ; on the other hand, the f>osse8sion W equal number 
of atoms is not essential to isomorphism, for two atoms of one at» not itnfre- 

quently isomorphous with one atom of another element ; and somcHmcf a molecular 
group is isomorphous in its comUnatioas with an tlemenlary atom—NH^ with K, for 
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example. There ^ aleo nnmerous examples of bodies ciystallising in the same forms 
but without exhibiting any similarity of chemical constitution. * 

The corresponding angles of isomorphous bodies are not always precisely equal, but 
may differ from each other by one or two degrees. This diBcrepan(^, howerer is 
r^dered unimportant by the circumstance, that the angles of different crystals of one 
and the same substance can present similar variations, under the influence of certain 
modifying causes. 

It will of course be understood that the similarity of form in isomorphous bodies 
wlatos to tlio primary forms to which they are reducible ; two crystals may be really 
isomorphous, and yet very different in external form, in consequence of being differently 
modified ; thus calc-spar, hitter spar, and spathic iron have the same primary form ; but 
each exhibits numerous modifications, some of W'hich prevail chiefly in one, sonie in 
another, of these compounds. * 

The following table exhibits the most important and best established examples of 
isomorphism, arranged according to the crystaUographic systems. Bodies crystallising 
m the same forms (?.. c. reducible to the same primary form) are arranged in groups 
numbered consecutively, without regard to the system to which the several forms 
belong ; the subdivisions a, c, &c., include those also which correspond in atomic con- 
stitution. 


Tahlk I.‘ 

Monometric or liajnlar System. 

Group 1. (Holohedral forms.) 

a. Diamond, -riiosphorus,— Potassium, — Sodium,— Titanium,— Cadmium,— Lead 

---Coppov,— Silver,-- Gold,— Platinum,— Palladium,— Iridium,— Tin (Fran - 
kerili eim),- Zinc (Nickles). ^ 

NiS.2Fe.S (Sohaoror),- MgO (pcrielaso. 
niTurdiiig to !?Ciicchi),—NiO (formed in a niePillurgic process),— PbO —CuO 
(tetrahedral), — UO. 

c. KOI,— NaCl,— LiOl,— NIPCl,— AgCl,— CuCl,— KI,— Nal,— KBr,— NaBr— KF 

-NaF,-KCy.NaCy,- -NlPCy (Gay-Lussac). ’ ’ 

c\ ZnP,-— CaF'^— KAgCy,— NiAS-* (ursonieul nickel),— (Co; Ni)As2 (cobalt- 

SpOJbH 

d. CoAs* (tosseral pyrites, according to Wdlilor and Sc ho ore r). 

e. eVO, — Cu'^S (red copper and copper-glance). 

/, As*0^— Sb^O»,— Co*S» (cobalt-pyrites). 

ivfg 
aI» , 

Al'J 
te' 

(fr’j 

*. BaN’'0»,-SrN»0‘-PbN'0‘ (Berzelius.) V. 

i. K»I<tCl*,— K’frCl* — K>6^C1*,— (NH*)»ftCl*,-(NH<)*frCl‘. (Berzelius.) 

*. Alunu : (NH*) a 1 (SO*)*. 1211*0, — (NH*) Cr (SO*)*. 12H*0, — (NU*) ifn (SO*)*. 
12H*0, — (NH*)^c(SO<)». 12H*0, — KAi(SO<)*. 1211*0, — KCr(S0*)*.12H’0, — 
Kjfn (SO*)*. 12H*0,— Kfe (SO*)*. 12H*0,— NaAl (SO*)*. 12H*0 (Mitscher- 
lioh),— LiAl(S0*)*.12H>0 (Kralovansky), — AgAl(80*)*.l2H’0 (Church), 
T1AI(S0*)*.12H*0 (Crookes). 


0 ‘». — 


3 


0* (spinel). 


_^(Mg; Fo)" 
Al* 


O' (plconast), 


O' (gahuito), — 


1?' ■■ 
bo* 


IVfg 

Fu‘‘* 

Fe 


O' (chlorospiucl, — 


Fo^ 


O' (franklinito), — l^[o* (magnetic iron ore), — 


O' (chromo iron ore, according A b i c h). 


S*’ 

8>, 

1 ®‘’l 


S'*] 

^* 

t, da 


^O**. - Ve 

•o»*, - 

-nTu 

■O**, — (fa 

Al*, 

A-i*J 

' Il.l 


a1*] 

Fe*. 
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Ca 

(S*. 

§i«) 

m, (leucite) K 

a 1 


O'* cbrome-garnet (according to Komonen). 


S[*) 

0*. — n. (analcime) Nat O'.H’O. 

ifll 


Group 2. (Hemihedral forms.) ’ 

a, CoAs^.CoS* (cobalt-glance), — NiAa^.NiS'-* (nickel-glance), — NiSb’.NiS* 
antimony-glance), 
d. FoS* (iron-pyriu*s). 


4U 


(nickel- 


Pitneiric System, 

Group 3. 

CaW’‘0^ (tungsten), — Pb''.W’'0* (scheoletine), — Pb"Mo’‘0* ( wulfenite ; Le vy),— 
Pb"Cr’‘0\ 

Group 4. 

NiS0«.7H*0,— NiSe0^7H20,— ZnSoO •.7H'‘'0. (M i t s c h o r 1 i c h.) 

Group 5. 

KH^'POS- KH^AsO*,— (N H*)H»PO«,— (NH«)H*AsO*. (M i t s c h e r 1 i c h.) 

Group 6. 

2NH*.Ag2SO*,— 2NH*.Ag’SeO*, — 2NH’. Ag=CrO*. (M i t s c h orl i c h.) 

Group 7. 

Cu"(U‘'0'^)^P*0".8H’0 (coppcr-uranite), — Ca''(U^0*)*P’0".8lI*0 (limo-uranito). 

Group 8. 

a. Mii*0* (braunito). (v. Kobo 11.) 

b. Cu’‘‘8.Fe''^S* (copper-pyrites). 

Group 9. 

TiO* (rutile), — SnO* (tin-stone). 


Hexagonal System. 

Group 10. 

A rsenic, — Antimony, — Tellurium (B r e i th a u p t), — Osmium, — Iridium, — Palla- 
diuin, — Bismuth. (G. Bose.) 

Group 11. 

a. CuCO* (calcspar),: — MgCO* (magnesite), — (dolomite), — MnCO*(diul- 

logite),— ZnCO* (calamine), — FoCO* (spathic iron ore). 

b. NaNO*, — KNO*. (Frankon hoim.) 


APO»,— Fe*0*,— Cr*0*. 


Group 12. 


Group 13. 

Hyposulphates : SrS*0*.4H*0,-CaS»0«.4H*0,- PbS*0*.4ll»0. 


(Hecren.) 


CaCP.3Ca>P*0* 

(mimetene). 


Group 14. 

(apatite), — PbCl*.3Pb*P*0* (pyromorphite), — PbCl*.3Pb*Af*0* 

Trimetric System. 

Group 15. 


Sulphur, — Iodine (?). 
A»»0*,-Sb*0*. 


Group 16. 
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Group 17. 

a, CaCO* (aTragonite),— BaCO* (witherite),— SrCO» (strontianito),— PbCO* (ceru- 
fite), — FeCO* (junkerite ; Dufr^noy). 
h. KNO*. 

c’. (Cu’S.2PbS).Sb*S*(bournonite; G. Eoso). 

Group 18. 

a. BaSO* (heavy spar),— SrSO^ (ccDlestin),— PbSO‘ (anglesite; Mitacherlicli), 

b. KC10‘— KMnOS— NH^C10<,— (NH*) MnO«. (Mitscherlich.) 

Group 19. 

a. Na2SO^-■Na2SoO^— Ag*SO<,— Ag»ScO\ (Mitscho rlich.) 

b, BaMn’O®. (MitBchorlich.) 

Group 20. 

a. K»SO — K^ScO^.—K^CrO* K^MnO^ (Mitscherlich,) 

b. (NH<)\S0'.n-'0. (Mitscherlich.) 

Group 21. 

a. MgSO‘.7IPO,— ZnS0^7H*0,— NiS0^7JPO, -- MgSo0^7IPO, — ZnSeO\7lPO. 

(M i tscherlich.) 

A. Sb'^S® (V. Kobell)— As^S*. 

Group 22. 

Nal^OV2IPO,— NaAbO».2mO. (M itschorlich.) 


Monoclinic Sysic7n. 

Group 23. 

a. Sulpliur.--^>. KII80*, — KIIScO^ (Mitscherlich.) 

Group 24. 

CaS0^2H'0, — Ca.So0^.2IPO (Mi tscherl i ch), — FeS0^21P0. (Graham.) 

Group 25. 

MgSOh 71PO,— Zn80«.7n-0, — CoSOh 7H'’(), — NiS0‘. 7IPO, — FcSO‘.7H‘0,— 
MgSoO*. 711^0, — Co8o0‘.7ll’’0. (M i t s c h e r 1 i c h.) 

Group 2G. 

Fc80',GH*0,— CoSO‘.GlPO,— Mn8O'.fm20,-CoSc0«.GlP0. (Mitscherlich.) 

Group 27. 

MgK'''S*0".GlIH), — Mg(NlP)*S‘'O''.0lPO, — and similar double salts containing 
calcium, nickel, cobalt, iron, manganese, zinc, and copper. 

Group 28. 

Na^SOb 1 0H»O,- N.a^ScOr 1 OIPO,— Na^CrO •. 1 OH’O. (Mitscherlich.) 

Group 29. • 

(NIP)*HPO^— (NIP)niAsO«. (Mitscherlich.) ^ 

Group 30. Jy 

NaniP0M2H’0,— Na'^HAs0M2H'-'0. (Mitscherlith.) 

Group 31. 

a, Na’B<OM0H*O (borax).— 5. (Ca; Mg) SiO* (augite). 


Triclinic St/stem, 

Group 32. 

MnS0«.4H*0,— MnSe0*.4U*0,— ZnSe0b4H’0,— CoSeO *.4H*0. (M i t i c h e r 1 i c h.) 

Group 33. 

CuC0\fiH«0,— CuSe0b6H*0,— MnSc0«.5H*0. (Mitscherlich.) 
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Bodies occurring more tlian once in this table are dimorphous or trimorphous. 

To each group of isomorphous bodies in the dimetric, trimetric, monodinlc, and 
friciinic sy^ms, there corresponds a particular pyramid with its prisms and dome#, 
^d to each group in the hexagonal system, a particular rhombohedron. 

nerfectly exact accordance of the crystalline forms of two chemically different 
bodies occurs perhaps only in the monometric system. Bodies of the same group 
which crrstallise in other systems generally exhibit small differences in the correspond- 
iiiff ancles. Thus, the angles of the terminal edges of the rhorabolicdroiis of calcs|^, 
diallogite, and the other isomorphous carbonates of group 11, exhibit tlio following 
differences : — 


Calespar 

Dolomite 

Diallogite . 
Spathic iron . 
Magnesite 
Calamine 


CaCO» 

MnCO* 

FoCO* 

MgCO* 

ZnCO* 


R : K in 
torminAl edges 
. 106® 6’ 

. 106® 15’ 

. 106® 6r 

. 107® 0' 

. 107® 25' 

. 107® 40'. 


In arraconite and the carbonates isomorphous therewith (group 17, nX the aii^lea 
ooP ; ooP in the macrodiagonal principal section, and Poo : Poo in the basal principal 
•ection, have the following values : 

Arraconite. . . CaCO> 63® 44' 71® 33' 

^tS^r . . BaCO» 61® 30' 73® 6' 

. . SrCO« 62® iP 71® 48 

Cerusite . . . PbCO* 62® 46' 71® 47. 

Peift ct equality in the corresponding angles of crystals is not always found, even in 
the inononu4ric system. The simpler forms of that system, namely, the eul.e, Oefa- 
hedron and rliombic dodecahedron, do not, of course, admit of any variation in the 
angles ! but the remaining forms, wliieli are expressed by formulae oontaining finite 
mmu rical eoefficients, li/. mOm, mO, mOco . and y;iOn, liave different angles aeeording 
to the. numerical values of those coeflRcients ; and, eonm^quently, <‘7 
feient substances crystallising in one of these forms may exhibit sligli! differences in 
their angles, as well as isomorphous crystals belonging to other systems Wilh regunl 
t- the three simpler fomis of the mononietric system, it may be observed that all bodies 
whieh erystallise in them may be regarded as isomorphous in a certain sense inasmueli 
as all these forms are derivable one from the oilier; nevertheless some liodies are 
more disposed to crystallise in one form than in tlio other, and a further distinction is 
alTonled by the cleavage; thus, zinc-blende, /nS, clenvos parallel to the faces ot a 
rhombic dodecahedron ; galena, PbS, parallel to the faces of a eiibo. Such Ixxlies, in 
spite of their similarity of form and atomic constitution, cannot bo re garded as strict ly 
isomorphous, at least in the same degree as NaCl and KOI, which agree in Iho direc- 
tion of their cleavage as well as in their form. / lu 

From the similarity of form of two com}K)unds, the isomorphism of cerlnin of i neir 
constituents may often be inferred. If a comjKmnd, a + 5 + c, is iHoiii<>rp lous wi i 
another, consisting of a + b + d, \t may be concluded that c is isomorp lous ‘ ^ 
ForoxampH the ^morphism of K'PtCl* and K^rCI* lea. » h. the concluaHm that 
tJatinum and iridium are isoroorphoua. In this mann<.r, Ihe leomorplnsm of the fol- 
lowing groups of elements may be inferred : 

1. Mononutria MetaU and Metalloid*. Carbon (diamond), phoephonie, 

eodium, titanium, cadmium, lead, iron, copper, e.lvor, ^Id, platinum, ijalladiuni, ndinm, 
tin, zinc (Tabui I, group 1, a), — ^manganese, calcium, btliium, ammonium, nickel, cobalt 

(1, 5, and 1. ch— osmium (1, t). , , ... n i* __ 

2. Hejcagorud MciaU. Arsenic, antimony, tellunum, osmium, indium, palladium, 

bismuth* . « • • (•>\ 

3. Sulphur, selenium (1, iodine, bromine, fluonne, cyanogen, arsenic {f) 

the isomorphism of phosphoric and arsenic anhvdndes may bf m err . 

'The isomorphism of different elements and groups of 
sompletely shXn by their capability of replacing one another in composition in vanous 
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proportiong, and without ai^ alteration of ciystalline form. Thus, in the alums, whose 
general formula is M'R'"(S0*)*.12H''*0 the monatomic ra^cle, M, may be composed of 
potassium, sodium, ammonium, &c., and the triatomic radicle, R, of aluminium, ferricum, 
manganicum, chromicum, &c., in the most various pro^rtions, the form, all the while, 
remaining the same as that of common potash-alum, KA1(S0*)*.12H*0. Numberle.ss 
examples of this isomorpbous replacement are found among natural minerals ; indeed, 
it is but rarely that aiy mineral is found in which the principal constituents are not 
more or less replaced by isomorpbous substances. Striking examples of it are afforded 
by the spinels (p. 397, and group 1, g. Table I, p. 424), and by the garnets (1, /, p. 424).* 

Relations between Crystalline Form and Atomic Volume . — Complete isomorphism 
between two compounds implies the fulfilment of three conditions, viz. : 

1. Similar atomic constitution. 

2. Similar crystalline form. 

3. Equal atomic volumes of the several constituent elements. 

By the volume of an atom, we understand, as explained in the article Atomic 
Volume (i. 440), the space occupied by the solid atom itself, together with a portion 
of the space which separates it from the intervening atoms : that is to say, the size, or 
rather the radius, of the atom (regarded as spherical) is supposed to include lialf the 
distance which separates it from the contiguous atoms. The atomic volume of a sub- 
stance, according to this definition, is proportional to its atomic weight divided by 

its specific gravity It is clear that equal numbers of atoms similarly disposed will 

not necessarily produce the same external form, unless the corresponding atoms in the 
two bodies are equal or at least proportional in volume. 

Two or more bodies in which all three of the above conditions of equality are ful- 
filled, are isomorphous in the stricter sense. The fulfilment or non-fulfilment of all or 
some of these conditions gives rise to eight different cases of similarity or dissimilarity 
of constitution, which may be enumerated as follows : 


Isomorphous 
in the wider sense 


An isomorphous 
in the wider sense 


The following table exhibits the atomic volumes of a number of bodies arranged 
according to similarity of crystalline form and atomic constitution. The first column 

of figures headed gives the quotient of the atomic weight divided by the specific 

gravity (the atomic weights being those of the oxygen scale, O = 200); the second 
gives the atomic volumes referred to that of carbon 44, as qpity ; the third, headed 


Crystalline 
• form. 

Atomic con- 

Atomic 


stitution. 

volume. 


a. equal 

equal 

equal 

Isomorphous 
in the narrower 
sense 

Isotom ous 

h. equal 

equal 

unequal 1 

1 Hoincoo- 
1 morphous 

c. equal 

unequal 

equal 

d. equal 

unequal 

unequal J 

€. imcqual 

ccpial 

equal ] 

! Ilotero- 
1 morphous 

/. unequal 

equal 

unequal 

g. unequal 

unequal 

equal J 

A, unequal 

unequal 

unequal 

An isomor- 
phous in the 
njirrower sense ; 
Anisotomous 


t, 


case if it were an exact 


“ theoreticaV’ shows what the value of ^ would bo in ei 
multiple of 44. 

* Compounds contalninK indoflnlte proportions of isomorphous elements are represented in this work 
by forinulsB in which the isomorphous elements are separated bj semicolons : alum, in which the 

potassium is partly replaced by ammonium, is expressed by the formula, (K ; NH«) Al(SOV«12ff'‘0. 
In many works such compounds are represented by formulse like | Al(SO^)3.l2HsO ; but this 
is objectionable, since, according to ordinary usage, it would imply that the molecule contains an atom 
of potassium as well as an atom of ammonium, whereas the real meaning is that the potassium and 
ammonium are present in such quantities as together to make up a monatomic atom or moleeule. 
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Tablb IL 

Atomic Volumes of Isomorphous Bodtee, 


I. Elements, 
a. Monometric, 


Carbon (Diamond) 

I Iron 

Manganese 
Nickel . 

Cobalt . 

Copper 
rPlat ilium 
I Palladium 
O.smium 
Iridium 
Rhodium (?) 

I Titanium 

Lzinc 

4 Load . 

, { Gold . 

^{silver . 

0 I’hospliorus 
7 Sodium 
8 Potassium 

b. Hexagonal. 

9 Arsenic 

10 Antimony 

11 BiHiuuth 

c. Bodies prohahlg crgstallising in similar forms. 
Bromine 

Chlorine . 

Iodine 

Cyanogen 


12 


C 

Fo 

Mn 

Ni 

Co 

Cn 

in 

JM 

Os 

Ir 

Kli 

Ti 

Zn 

Pb 

Au 

Ag 

P 

Na 

K 


As 

SI) 

Bi 


Br 

Cl 

I 

Cy 


II. Proto-chlorides, bromides, and iodides. 
Monometric. 


j 2 J Chloride of silver . 

j Chloride of sodium 
14 Bromide of silver . 

16 Chloride of ammonium 

16 Chloride of potassium 

17 Iodide of silver 

18 Bromide of potassium 

19 Iodide of potassium 


jii. Protoxides, MraO. 
Monometric. 


) Cupric oxide . 

2 ] i Manganous oxide 
) Zinc-oxide . 

22 Cadmium-oxide 

23 I^ead-oxide . 

24 Stronlia . 

25 Baryta . 

26 Silver-oxide . 

27 Soda . 

28 Potiuh . • 


AgCl 

NaCl 

AgBr 

NIPCl 

KCl 

Agl 

KBr 

K1 


MgO 

CuO 

MnO 

ZnO 

CdO 

PbO 

SrO 

BaO 

Ag=0 

Nn*0 

K^O 


* Atomic toluma. 

a 

44al. 

Theo- 

7 

r«tical. 

44 

1 

44 

90 

2 

88 

88 

2 

88 

88 

2 

88 

88 

2 

88 

88 

2 

88 

114 

2j 


no 

114 

2] 


no 

114 

2, 


no 

114 

2; 


no 

114 

% 


no 

112 

2 


no 

IIG 

■4 

no 

228 

5 

220 

128 

3 

132 

1 130 

3 

132 

222 

6 

220 

292 

6| 

2‘)7 

683 

i4 

594 

160 



165 

210 

5] 


242 

270 

4 

275 

326 

7; 


330 

320 

7 

. 

330 

320 

7 


330 

315 

7 


330 

320 

7^ 


330 

325 

7.J 


330 

367 


■ 

363 

437 

10 

440 

481 

11 

484 

522 

12 

528 

608 

14 

616 

667 

15 

660 

156 

3* 

154 

156 

4 

154 

188 

4 

176 

180 

4 

176 

230 

6 

220 

306 

7 

308 

330 

n 

330 

402 

9 

396 

352 

8 

352 

278 

6 

264 

446 

10 

440 


480 t 


'« JSOMC 
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AUyirde Folumes of Jaomorphous Bodiea — continued. 


— — -pr- — 




1 






j Atomic volume. j 

IV. Proto-sulphides and Selenides. 

o 

44=1. 

Theo- 





$ 

retical. 

Monmnctnc. 






29 Manganeso-Llende 



MnS 

272 

6 

264 

80 Zine-blendo . . . i . 



ZnS 

296 

6i 

286 

. ( Selenido of lead .... 
Galena 



PbSe 

406 

9 

396 



PbS 

386 

9 

396 

32 SUver-glanco .... 



Ag*S 

432 

10 

440 

V. Dioxides. 







Dimctric. 







gjj J Titanic anhydride . 

(Stannic anhydride 



TiO^ 

260 

6 

264 

• 

• 

SnO^ 

270 

6 

264 

YL Sesquioxides. 







a. Monometric. 







^Antimonic oxide .... 

) Arsenious oxide .... 



SVO* 

662 

16 

660 

. 

• 

As^O* 

664 

15 

660 

b. Hexagonal, 







g-J Alumina . ... 

* j Ferric oxide 



APO* 

362 


374 



Fe'O* 

372 

4 

374 

3G Cliroinic oxide .... 

# 

• 

Cr»0* 

384 

9 

396 

VII. Carbonates. 







a. Trinietric, 







37 Arragonite 



CaCO* 

426 

10 

440 

ggiStrontianite 

( Corusite 

• 

, 

SrCO» 

612 

114 

606 

• 

, 

PbC0» 

616 

11} 

606 

39 Witherite ..... 

• 

. 

BaCO* 

676 

13 

672 

b. Hexagonal, 







(Zin<sspar 

1 Magnesite 

• 

• 

ZnCO« 

MgCO* 

352 

366 

8 

8 

352 

362 

41 Spatliie iron ore .... 

, 

, 

FeCO* 

378 

8} 

374 

( Diallogite 

. 


MnCO* 

400 

9 

396 

I Dolomite 

• 

•1 

^ cs; 

a 

o 

402 

9 

396 

43 Calcspar 

• 

. 

CaC0» 

460 

10* 

462 

VIII. Nitrates. 



# 




a. Hexagonal, 







44 Nitrate of potassium . . . 



602 

13* 

694 

46 Nitrate of sodium .... 

. 

. 

NaNO> 

484 

11 

484 

b. Mononutric, 







.^5 Nitrate of strontium 

(Nitrate of lead .... 


, 

8tN*0* 

916 

21 

924 


, 

PbN*0* 

942 

21* 

946 

47 Nitrate of barium . • • • 

• 

• 

BftN*0* 

1024 

23^ 

1012 

IX. Magnesian Sulphates, M*S0*.7H*0. 




Trimctric, 







( Sulphate of nickel . • • 


NiS0^7H»0 

1724 

39 

1716 

48 ] Sulphate of zinc . . . • 

• 

ZnS0\7H*0 

1760 

40 

1760 

(Sulphate of magnesium • • 

• 

MgS0‘.7H*0 

1786 

40* 

1782 


V 
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X Double Magnesittu Sulphates, 

Monoclinic. 

7NH<)*Mn(S0<)».6H*0 
K*Zn(S0')».6H-^0 
(NH‘)«Ni(S0<y'.6H*0 
K*Ni (S0*)16ITO 
(NH^y^Mg(S0*)*.6H»0 
. K^Cu(SO«)^6IPO 
(NH')»Cu(SO0*.GH=O 

XI. Alums. jlil(S0‘)M2ir'0. 

Mo7ioJ7U‘tric. 

KCr(SO')».12IPO .... 
KAl(S0»)M2HH) .... 
(NIP)Al(S0«yM2lP0 .... 
NU‘Fe(S0<)M2IP0 .... 

XII. Various Metallic Sulphides and Arsenides. 

a. Moiioinctric. 

51 Iron-pyrites , 
jC'obalt-pyrites 
^ Smaltino 

53 Triarsenide of cobult 
) Nickel-glanco 
^Cubaltiuo . 

b. Tri metric. 


FoS* 
Cu‘S* 
CoAs* 
Co As* 
NiAs‘S* 
CoAsS* 


55 Marcasito 

56 Arsenical pyrites . . 

57 Trimetric (native) sulphur 

58 Monoclinic (fused) sulphur 


FeS» 

FuUs’S’^ 


Atomic volume. 

a 

$ 

44 a 

1. 

Theo- 

retical. 

2526 

61i 


2530 

2578 

58] 


2674 

2558 

58] 


2574 

2578 

58] 

r 

2574 

2632 

60 

2640 

2604 

69 

2596 

2840 

64| 

2838 

3.380 

77 

3388 

3472 

79 

8476 

3472 

79 

3476 

3472 

79 

3476 

292 

6 


286 

424 

9^ 


418 

414 

yj 


418 

5.30 

12 

528 

658 

15 

660 

600 

15 

660 

306 

7 

308 

692 

16 

704 

195 

4 


198 

201-8 

4 

[ 

198 


A comparison of the numbers in this table leads to the fallowing general conclusions. 

1. Only those bodies which are bracketed together in the table can be regarded aa 
strictly iHomorphous, or isotomous; and oven among these, there are some whose 
isotomy is doubtful, c.g. nitrate of strontium and nitrate of lead (44), magnesio- 
animonie sulphate and cuprioo-ammonic sulphate (49). 

2. Many substances commonly regarded as isomorphous are in reality only homooo- 
morphous, inasmuch as their atomic volumes differ conHiderubly. Such is the case 
with phosphorus and arsenic; magnesia and manganous oxide ; soda and silver-oxido ; 
lead-oxide, baryta, and strontia; manganese-blende and zinc-blende; mtnito of potas- 
sium and nitrate of sodium. The atomic volumes of these horncooraorphous bodies are, 
however, related to one another by simple proportions, as in the following examples . 

< Arsenic .... 8 
} Phosphorus ... 4 

JHoda (anhydrous) . .3 

I Silver-oxide . . .4 


(Sodium .... 1 

< Potassium . . * 2 

(Arsenic .... 2 

) Antimony ... 3 

3. Bodies which are isomorphous in the free state, are not always so in combination. 
Copper is isomorphous with iron, manganese, nickel, &c. ; but many coppr-salU ara 
not isomorphous with the corresponding salts of the other metals just mentioned. 
Zinc, titanium, and platinum are isomorfihous in the tree state, but by no mc^ns in 
their salts. On the other hand, many Ixslies are isomorphous in their compounds, but 
hommomorphouB, or even heteromorphous, in the fn-e state: thus phosphorus and 
arsenic are heterijmorphous in the free state, but isomorjihous in their compounds ; 
and manganese and sine, arsenic and antimony, magnesia and manganous oxuio, pc^as- 
■ium and sodium, soda and silver-oxide, are homa*omori>lujus m the senaruU) stat^ 


) 

\ : 
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but iitomorphous in some of their compounds. This apparently paradoxical relation 
may arise either from dimorphism— the substances in question crystallising in the 
free state in a form different from that which they assume in combination — or from 
variation of atomic volume. In fact, the atomic volume of a compound is, in nearly 
all cases, less than the sum of the atomic volumes of its elements in the free state, the 
condensation being greater as the affinity is stronger. Hence it may happen that 
elements whose atomic volumes in the free state are unequal, may assume equal 
toluraes in combination, and therefore yield isomorphous compounds. 

4. Bodies of different atomic volume often crystallise in the same form, and are 
capable of crystallising together. Gold and silver, whose atomic volumes are nearly 
as 1 : 2 , crystallise together in very variable proportions ; so likewise do chloride of 
sodium, chloride of ammonium, and iodide of potassium, whose atomic volumes are to 
one another as 3 : 4 ; 6 . It is onl^^iowever, in the monometric system that perfect 
similarity of crystalline form is oxliibitfd by substances of different atomic volume; in 
crystals belonging to other systftms, difference of atomic volume in bodies of similar 
atomic constitution, is always accompanied by a slight difference in the magnitude of 
certain angles, as may be seen by comparing the angles and atomic volumes of the 
several members of the calcspar and arragonite groups (pp. 427, 430), the obtuse ter- 
minal angles in the former, and the angles ^co : Poo in the latter diminishing as the 
atomic volume increases. This relation bet ween atomic volume and crystalline form 
is further shown by the observation of Mitscherlich, that the angle of a rhombohedron 
of calc*spar diminishes when the crystal is. hejited : for the specific gravity is thereby 
diminished, and consequently the atomic volume increased. 

5. An interesting example of homoeomorphism is afforded by nitrate of potassium, 
which is dimorphous, having a rhornbohodral form similar to that of calcspar, and a 
trimetrie form like that of arragonite. Its angles in these two forms are as follows: 


Hexagonal Nitre KNO* 
Tri metric Nitre KNO*. 



Terminal angle 

Atomic 

of rhomb. 

volume. 

(nearly). 

27 

106® 30' 


oeP Poo 

27 

61*0' 70® 4' 


In its rhombohedral form, this substance agrees very nearly with dolomite and dial- 
logite, the terminal angles of which are lOG*^ 15' and 106® 61' respectively, and whose 
atomic volumes are equal to 9: hence it appears that two substances whose atomic 
volumes are as 1 ; 3 may crystallise n<‘arly in the same form. Similar relations, 
though not quite so close, may be tniced between the atomic volumes and crystalline 
fonns of rhombic nitre and arragonite. 

The relations between the atomic volumes and crystalline forms of different sub- 
stances are, however, far from being estaVjlished on a perfectly satisfactory basis ; 
indeed the general conclusions of different observers relating to this subject are in 
some instances directly contradictory to each other; the discrepancies doubtless arise 
in many instances from the want of exact determinations of crystalline form, and more 
especialiy of specific graAu'ty. 

iSchrdder, to whoso observations, together with those of Kopp, the results detaile<l 
in the preceding pages are mainly due, has recently made further experiments on the 
relations between chemical constitution an<l specific gravity, and has arrived at the 
following conclusions respecting the atomic volumes of isomorphous bodies. When 
two different elements or groups of elements, A and B, unibe with other elements or 
groups of elements, C, />, K, &c., forming the compounjjs AC and BC^ AD and BD, 
AK and BE, &e., belonging to the same typ« and isomorj% 0 ips by pairs, the differences 
of the atomic volumes of AC and BC, AD and BD, AE &c., are always equal ; 

but if the pairs of compounds thus formed arc not isomorphous, or if they are isomor- 
phous, but belong to different ty})C.s. then the differences of atomic volume are unequal, 
and different from what they would be if the pairs were isomorphous or belonged to 
tlie same type. If bodies of equal atomic volume be denominated isosteric. and 
analogous pairs of ooinpoimds exhlblilng equal differences of atomic volume, paral- 
lelosteric, the prece<ling law may be more shortly stated as follows: — Pairs of 
compotnids which are isomorphous and anahgous are likewise paralUlosUric, This law 
has been confirmed by Tschermak. (Wien. Akad. Ber. xlv. [21 603.) 

Schroder farther concludes that the volume of any element, which, in the isomor- 
phous nitrates, chlorides, bromides, iodides or sulphides, is the greater of the two con- 
stituting a pair, is condensc<l in the isomorphous sulphates, carbonates, silicates, and 
aluminates, to a comparatively greater amount, so as often to become the lesser of the 
two. Thus the atomic volumes of chloride, bromide, and nitrate of potassium (calca- 
lated on the hydrogen-scale) of atomic weights, are greater by 2*7 to 2*5 than those of 
the corresponding ammonium salts, whereas that of sulphate of ammonium is greater 
by 2*5 than that of sulphate of potassium. 
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With mard to tho elementa, Schroder finds that isasterism is ttoeomii 

• A 1 r - A AC A IvAA* 


Witu WgnPOl W7 1*00 eicmouio, uuvw wuon/oa touu to c»uwui|MU«ir<u 

frequently, if not more so, by heteromorphism as by isomorohism ; but that ewmenm 
whoso atomic volumes are to one another as 1 : 2 (like silver and gold) are often 
isomorphous. In oxides and salts also, Schroder finds that isosterism is associated with 
isomorphism less ft^uently than with heteromoipbism. 

The relations between the atomic volumes and tho proportions of the axes ^which 
determine the angles) in series of homoeomorphous lx)dies, are also, acci^rding to 
Schroder’s recent observations, less constant than was formerly sup^)8ed. It is tnio 
that the limiting members of each series with rt'mird to the proportions between the 
axes are also the limiting members with regard to the atomic volumes ; but tho 
intermediate terms do not generally exhibit the regular relation between axial propor- 
tions and the atomic volumes which has been noticed in tho calcspar and arragonite 
erroups. According to Tsch erm ak, on tho contrary (Wien. Akad. Bor. xlv. [2], 603 ; 
Jahresber. 1862, p. 9), homceomorphoug iMxlies of analogous conijxwitiun Ibrm the 
same series with regard to their axial relations, as with respect to their atomic volumes. 
(Compare L 449-452.) 

PolymeHo Zsomorphlsm. This term is applied by ScheerertoexproASsthefact 
that 1 at. of an element may in some cases be replaced by tuo or more atoms of 
another, or, generally, m atoms of one element by n atoms of another, or by a group 
of atom’s of other elements, without essential alteration of crystalline form. Instances 
of this kind of isomorphism arc aflforded by the sulphidea of lead and silver (PpbS 
and Ag’S), by tho sulphide and chloride of silver (Ag*S and Ag^Cl*), by numerous 
iwomorphous chlorides and cyanides, in which the single atom Cl and the group ON 
discharge iKjuivalent functions; and by the isomorplious 8alt.s of ix>ta8sium and ammo- 
nium, in which NH* is equivalent to K. Numerous other examples may be found 
amongst organic compounds ; thus the acetate and butyrate of copper, C'‘‘]l*0*t"u, and 
C‘irO*Cu, arc i.somorphous, and the sulphates of many organic bases, ethylamine, 
n). thylamine, conine, unite uith sulphate of aluminium, fonning alums isomorplious 
with common potash-alum. ^ 

Nafuml minerals likewise afford examples of this kind of isomorphism, to whioli 
attention has been particularly directed by Scheerer. Thus, certain varieties of 
augite and hornblende contain alumina, while others, which are free ft*oin ahmiinH, 
contain a larger proport-on of silica, the substitution taking place, accoiding toSeheeivr, 
in tho proportion 1 at. Al*0> to I at. Si (or to but, according to 

Rammelsberg, in the ratio of 2A1^()» to 3SiO’ (p. 169). Another instance is afford 
by tho minerals cordierite (dichrdito), and aspasiolito, which are isomorphous aiid 
agret^ in composition, excepting that, acconling to Scheerer, 1 at. magnesia in the 
former is replaced by 3 at. water in tho latter. According to tho lormul® given by 
Kamraelsborg, however (MineralchemUf pp. 768, 834), viz., 

Cordierite, 6MgO.C(Al ; Fo)H)M5SiO^ 

Aspasiolite, 4Mg0.6(Al ; Fe)*0’.16Si0*.8lI*0, 


... magnesia in the former, 
lism as applied to minerals, 
genera!, see M i t s e h e r- 


it appears that 4 at. water in tho latter take the place of 1 at. 

!• or a full development of the theory of polymeric isomnrphisi 

see Scheerer(Handw. d. Chem. iv. 170). — On isomorphism in - - — 

Ho!,(Ann.Ch. Phys. [2], xi^ 172; xii. 360 ; xxiv. 204 and ;i66).-Br<>i tli aupt. .1. pr. 
('h, m. iv. 249).-Per»oz, Ann. Ch. Phja. [2], lx. 119).— Brooke (Phil Mag. [8],xii. 
406).-Johnston (im xii. 326 and 480; xiii. 406).— .ScliaffKotscIi (lopg. Ann. 
xlviii. 335).— H. Kopp (tW. liii. 446).— Hankcl (i6/V/. Iv. 479).— 1‘ rankonhaim 
IJ. pr. Chem. xxvi. 267 and 203).— Wallmark (ibid. xxxi. 169'.— NirkUa (Conjpt. 
r>n<i. xxvii. 611).— Pasteur (ibid, xxviii. 477). — O- Bose (logg. Ann. Izxvi. 76, 
Ixvii, 143). 

XSOirZTKOPBainG JLCZB. See Fhbnic Acn>. 

X80»BAn. Syn. with FBANKi.miTiJ(ii. 707). 

XSOYUans. A very volatile hydrocarbon, polymeric with caoutchin > 

(i. 757), obtained, together with the latter and other less volatile products, by the dry 
distillation of caoutchouc and gutta percha. After repeated rectification over sodium, 
it boils between 37® and 38®, has a specific gravity of 0*6823 at 20 , and 
density -2*40 obs. ; 2*36 calc. After keeping for a month, it became thickened, 
8<yiuired a bleaching action, in consequence of the absorption of ozone: on 8uf»e- 
quently distilling it, the ozone acted violently on the hydrocarbon, and the miduo 
suddenly solidified to a white amorphous mass having tho composition 0 11 *0. 
(Gr. Williams, Proc. Roy. Soc., x. 616.) 

**OFlFB»irBXO JkCTD* Picrocyamic oHi, C*II*N‘0*. (Hlasiwetz, Ann# Ch. 
Rharm. cx. 289; Jahresber. 1860, p.455. Bayer. Wnll. Acad. roy. Belgique, m vii. 
No. 8.)-«An acid isomeric with purpuric acid, but, like the latter, not known in the fros 
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gtate. The potassiam-salt is obtained by the action of cyanide of potassium on picrir 
acid: 

+ 3CNK + 3H^O - C’H^KN»0« + gO* + NH* + 2KHO. 

When a solution of 2 pts. cyanide of potassium (prepared by Liebig’s process, ii, 
216), in 4 pts. water, warmed to about 60°, is mixed with a solution of I pt. picrii 
acid in 9 pts. water, the mixture being constantly stirred, a strong odour of ammonia 
and hydrocyanic acid is ^ven off, and the liquid solidifies on cooling to a soft crystal- 
line pulp ; and on straining this mass upon hnen, pressing it between bibulous paper, 
heating and triturating the red-brown crystalline residue with a small quantity of 
water, then throwing it on a filter, washing it with cold water, again pressing, dis- 
solving it in a large quantity of boiling water, and leaving the hot-filtered solution to 
crystallise, iacypur'purate of potassium separatest as a metal-green film, and in brown-red 
crystalline scales, exhibiting a green colour by reflected light. It dissolves sparingly 
in cold, more easily in boiling water, imparting a very deep purple colour, and is 
precipitated from a concentrated solution by carbonate of potassium, — which circum- 
stance may be taken advantage of in the preparation of the salt, if, in consequence of 
the presence of impurities, it does not separate spontaneously as above described. The 
salt dissolves also in dilute alcohol. When heated to about 215°, it decomposes, with 
somewhat strong detonation, slight appearance of fire, and formation of a grey cloud : 
it may also be exploded by contact with sulphuric acid. Its solution is precipitated 
by salts of barium, lead, mercury, and silver ; not by those of calcium, strontium, 
copper, or zinc. The solution does not give the ordinary reactions of cyanogen. — The 
salt dried at 100° contains CTPKN^O®. 

The anwionhim-salt, C'*H^(NH^)N*0* (at 100°), separates in metallic-shining, dark- 
green ciystals, on adding a solution of chloride of ammonium to a very concentrated 
solution of the potassium-aalt. It is easily recrystnllised, and then forms small wedge- 
shaped crystals, brown-rod by transmitted and green by reflected light. It is very 
slightly soluble in cold water, more easily in boiling water, forming a deep-purplo 
solution. When heated on platinum-foil, it deflagrates like gunpowder. 

The harium-saltf C'®II**Ba^'N'®0'* (at 100°), separates on adding chloride of barium 
to a solution of the potassium-salt, as a nearly cinnabar-coloured precipitate, sparingly 
soluble in cold water, perfectly soluble, with purple colour, in hot water. In the dry 
state it has a light-green metallic lustre, but when triturated becomes red again, and 
deflagrates with a dazzling green light. 

On mixing the hot concentrated solutions of cyanide of barium and picric acid, the 
liquid acquires a blood-red colour, and deposits a diirk-coloured precipitate which is 
resolved by hot water into a red-brown pow'der with green lustre, soluble in water, and 
a Hubstauce containing a largo quantity of carbonate of barium, insoluble therein. 

The Cdlrium-saft, C‘®H'*Ca''N‘®0'*.3lPO, separates, after 24 hours, from a mixture of 
a hot-saturated solution of the ammonium-salt with chloride of calcium, in green 
metallic-shining noodles, which give off their water at 140°. 

Jjead-sall, C**Il'‘Pb"N“’0'’. — The solution of the potassium-salt is completely precipi- 
tated by neutral acetate of lead; the precipitate, which is at first brown red and very 
bulky, soon becomes dark violet-brown and pulverulent; it dissolves with purple 
colour in Ijoiling wat^r, and the solution deposits slender microscoiuc needles, which, 
after drying, are light brown-red with greenish iridescence, and detonate very sharply 
when heated. It is not completely decomposed by sulphydric acid, and on boiling the 
remaining mass with water, a yellowish-red solution is obtained, which deposits shining 
brown crystalline tuffs having the composition of the original salt 

The potassium-salt, C"H^KN*0*(C*H‘‘'KN®0*, according t©Bfiyer), has been already 
described. e 

The silver-salt, C"II^AgN*0* (at 100°), separates frolj^ solution of the potassium- 
salt, on addition of nitrate of silver, as a brown precipitlM^ which dries up to a dark- 
green mass possessing metallic lustre. It detonates when heated, and dissolves with 
purple colour in a large quantity of boiling water. 

The sodium-salt, C*H^NaN*0*, is obtained, like the potassium -salt by the action of 
cyanide of sodium on picric acid. It is dark-green with metallic lustre, dissolves in 
water much more easily than the potassium-salt and is more difficult to crystallise : 
the solution is red. 

The strontium-salt is obtained by adding nitrate of strontium to a solution of the 

S otassium-salt m a green, pulverulent indistinctly crystalline precipitate, which 
eflagrates with a red flame when heated. 

Hlasiwetx regards isopurpuric acid as dibasic, and the monometallic salts above 
described as acid salts. The neutral salts have not been obtained in definite form ; 
but the solution of the monopotassic salt mixed with catistic potash, acquires a dark- 
violet colour, and yields a p^ipitate which soon decomposes and turns brown, A 
•imilar change of colour, followed by rapid decomposition, is produced on triturating 
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barium-salt with bary ta-water. All tlie salts are very much like the eorrespondiiig 
murates* the ammonium-salt, according to Grailich’s determinations, exactly re- 
pwpuiate of ammonium (murexid), in its crystaUine fonn and optical 

because its appearance when fUsed is 
the^e as in the natural state). A silicate of calcium, aluminium, and iron, found 
At St- Just near Penzance, in Cornwall, in a quartzose granite, with tourmalin and tin 
^ • also in breccia, on the Calton HiU, Edinburgh. It bears considerable resemblance 
tn obsidian, having a conchoidal fracture, no cleavage, a greyish-black to velvet-black 
colour and vitreous lustre. Sp<*ciflc gravity, 2-912; hardness 6 to 6*5, nwirly ^ual to 
nf orthoclase. Melts before the blowpipe to a black magnetic globule. Contains, 
according to Turner’s analysis (Ed. N. PhU. J. iii. 263). 47 69 siUca. 13-91 per cent, 
nlnmina 15 43 lime, 2007 ferric oxide, and 194 cupric oxide (loss 1-56 percent.). 
Hieing nearly with the formula CVO. APO».8SiO*, which is essentially the same as 
tluit of labradorite; but i>art of the iron in the mineral appears to be in tho state of 
protoxide, and as long as this amount remains undetermined, tho formula cannot be 
fixed with certainty. 

ISOTASTiUUO AOX» and IBOTASTSZSZO ACIBS. &>o TiRTiBlC 

Acin, Derivatives of. 

XSOTRXSIlOMHYBRXW. %n. with tribromido of allyl (i. 141). 

XSOTBBBBBWTHIIW®. See Turventinb. 

XTACOljITBfmi. A laminated granular quartz-nn'k, in whieli diamonds nro 
nor ill V found: it probably owes its luminal ion to tale or mica. It oeeui-s in the 
min.s of Bnizil and the Ural; also in Georgia and North Carolina, where a few 
diaruonds have been found. (Dana, ii. 24.) 

XTACOWXC ACXB. C'H‘0‘.--An acid obtained, logother with citraeouic acid 
(i 1192) by the dry distillation of citric acid. Jt b«*ars a close rosiunhlmiee to citraeoiiie 
a.hi but differs from it in solubility and in its reaetions willi niirie aeid and with 
bn.inine It is prepared by heating citric acid in a n-tort by a spint-lamp, can* Is'iiig 
lak. n that the heat is applie d at the bottom, and not on the si<b‘s, ns in the latter ease 
a itnrliou would bo convertixl int-o citra<-onic aeid. The distillation is eonliiiurd 
. rni.vrrumatic vapours i.ppear. Tlie oily distillate is then dissolveil in s»x piu-ts of 
iM.ilii. r wat*>r, and evaporated to crystallisation : the crystals whi< h an* first lormrd 
rniisisf of itnconic acid ; citraeouic aeid, wliieh is always fonm-d '‘I I'''’ 
n Mains dissolved in the mother liquor. Frecpiently the distillate '“f?- 

In tliis ,*asr- the ciystalsare pressed between bibulous paper on aplate atlOO , and then 
brtw... n paper moistened witli absolute ale(,bol, and lastly reerystalbsed from water. 

Itaeonie aeid is inodorous, and lias a strongly aeid taste : wben 
wat. r, it has the form of a rlioinlue oetahedron. It dissolves in 1/ ids. ol at iu , 

ai d is luueli more soluble at a higher temperature. It is soluble in alcohol in ttJar. 
It melts at 161° to a colourless liquid which crystallises on cooling ; when further 
heal e<l, it decomposes into citraconic unliydridc and w'ater. Unli^ke eitraeoine ueu , 
it <U>es not yield mesaconic acid when treated with nitric acid. Wlieii treated with 
hro.^ine and waiter, it takes up 2 at. bromine without evolution 

and forms an acid having the comi^osition of dibromo-pyrotarturic ucit , C H ilr U 
(KrUuKs Ann. Ch. Pharm. Supp. i. 338 ; ii. 1 11 ; Cahours Ann. Ch. J hy«. [8] 
Ixvii. 129), and called xtadihromosuccinic acid by Kekul/*, dihromitacoxiio 
acid by Cahours (.see Pyrotaktaric acid, Dekivativk.s of). Citraconic acid yields 
I!..- saine or an iaomoric uoi.l (Cahonra). Ilaconi.; a;‘'l ynlh^n-amal^aM 

bikes up 2 at. hydrogen and forms pyrotartaric acid, ( /'Jl ^ 

Itaconates^ Itaeonie acid is dibasic, forming aeid sa ts, 0 H AK) , and neutml 
»*iilts, ■ The neutral itaconates of tho alkali -metals do not crj-stnlliso. 1 he 

and jxdoissium-mM is very soluble in water, and crj-sfallises in luatrous laminm. Itia 
(^buinwl by neutralising the acid with potash, adding a quantity of acid equal to that 
Hlreadv taken, and evaporating to ciystallisation. The alkaline salta arc soluble, and 
give white precipitates with tho soluble salts of lead, mercury, and silver. 

•Abides of Ztaconio aetd. The amides of itaeonie acid are not known, excepting 
r-rhap« itaconamic acid, which appears to be formed by heating itaconnte of ammonium 
l'> 190°, whereby a brownish acid mass is obtained which forms a very soluble salt 
^irh ammonium. But some of the corresixmding phenylamine-componnds have fx-en 
investigated by Gottlieb (Ann. Ch. Pharm. Ixxvii. 216), U) whose researches the 

I' ader is referred for further details. /. u i • i.-, 

is derived from neutral citraconate of phcnylammc by 

the loss of two atoms of wafrr : 

C'’I1’*N*0* «■ 211*0 *= C‘^I1‘*N*0*. 
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It 18 obtained bv heating itaconic acid with excess of phenylamine in a retort at a 
temperature a little above ISO^. It crystallises in large thin plates with a pearly 
lustre. 

Phenylitaoonamic acid^ C"H‘*NO*, is derived from the acid itaeonateof phenylamine 
by loss of water; _ 

C“H'>NO* - H*0 C»H"NO*. 

It is obtained by evaporating phenylamine to dryness with an excess of itaconic acid, 
and heating the residue a little above 100®. It forms large colourless needles, more 
soluble in alcohol than in water. Heated to 160® it is decomposed. 

Xtaoonlo Sther. = C*H♦(C*H*)*0^ Itaconic acid is mixed with alcohol 

and hydrochloric acid, and the mixture distilled until about a third of the alcohol has 
passed over : water is then added to the residue, which separates the ether. It is a 
colourless, inodorous oil with a slight aromatic odour and bitter taste. It boils at 225®, 
but begins to decompose at this point. E. A. 

XTTWBRXTB. A silicate occurring in monometric crystals, with dodecahedral 
cleavage, also granularly massive, in the dolerite of the Kaiserstuhl, near Freiberg; in 
basaltic dolerite at Sasbach ; in phonolitic dolerite, with pyrites, titanic iron, and apa- 
tite, at Endingen. Hardness =* 6‘5. Specific gravity = 2-37 to 2*40. Colour dark- 
bluish or ash grey, or smoky grey. Lustre resinous. Translucent. Fracture imperfectly 
conchoidal. When heated in a tube, it gives off a large quantity of water, and bf'fore 
the blowpipe melts easily, with strong intumescence and evolution of sulphurous an- 
hydride, forming a blebby opaque glass. Forms a clear glass with borax. Gelatinises 
easily with acids. 

The composition of tlie mineral is shown by the following analyses; a. by C. Gmcli n 
(Schw. J. xxxvi. 74), b. by Whitney (Pogg. Ann. Ixx. 442). 

Water 

SlOa SO^ Cl Al»03 FeW CaO Na^O K^O and loss.* 

a. 34-02 2-86 0*73 28*40 0*61 7*26 12-15 1*56 10*76 « 98*35 

b. 36-69 4*62 1-25 29-14 . . 5*64 12-57 1-20 9*83 = 99*94 

• Including sulphur undetermined. 

According to the latter analysis, ittnerite may be regarded as a mixture of hydrated 
Bodbdite and hauyne (p. 15). (Dana, ii. 319; Rammelsberg, Miner akfumiie, 
P. 712.) 

XWAARrm. A black mineral from Iwaara in Finland, which crystallises in 
mononietric forms, melts before the blowpipe to a black glass, and, according to 
Thoreld, consists of silica, titanic acid, lime, and ferric oxide: perhaps identical with 
schorlamito. (Rammelsberg, Mineralchemie^^. 887.) 

XSCXOXiZTXI. A variety of tantalite from Kimito in Finland, containing consider- 
able quantities of manganese and tin. 

XXOUTB. A fossil resin found in a bed of bituminous coal at Oberhart, near 
Glogynitz. It is amorphous, with a fatty lustre and hyacinth-red colour, becoming 
yellowish when pulverised. It is subtranslueent in thin fragments. Fracture im- 

K " ctly conchoidal in the purer varieties. Specific ^avity = 1 008. Hardness « 1, 
ns at 76®, but is still tenacious at 100®. (Hni dinger, Pogg. Ann. Ivi. 346.) 


JABB. See Nephrite and Saussuritb. 

XABAV. This name is applied to the roots andftnbers of certain plants of the 
convolvulnceous order, which yield purgative resins, true or officinal jalap 

consists of the tubers of Convolvulus Schiedanus {or' Exogonia purga, according to 
Pereira), which contain a strongly purgative resin called convolvuli n, C*'H**0'* 
(ii. 16), Kayser’s rhodeoretin. 

Spurious, woody or fusiform jalap^ jalap-wood, or jalap-stalks (5^tpiV/*s 
Jalapa), tlie root of Convolvulus orizcdxnsis, is sometimes mixed with genuine jalap. 
Its characteristic principle is jalapin, C**H**0'* (Kayser’s pararhodeoretin, p. 438), a 
rosin homologous witli convolvulin, and identical, or nearly so, with scammonin, the 
active principle of Convolvidus Scammonin (p. 438). The experiments of W. Mayer 
(Ann. Ch. Pharra. xcv. 161) seem to show that both convolvulin and jalapin exist in 
both kinds of jalap. 

JAliABXO AOXB> C**H**0’*? Scammonie or Scammoninie acid, (W. Mayer, 
Ann. Ch. Pharm. xcii. 116; xcv. 129. Spirgatis, ibid, cxvi. 289.)— An acid produced, 
with assimilation of water by dissolving jalapin in aqneous solutions of the alkalis or 
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alkaline eariha. Jalapin is heated with baryta-water to boiling point, until the 
whole is dissolved, and acids no longer form a precipitate in the solution ; fho baryta 
is then removed by sulphuric acid ; tlie excess of this acid by hydrate of load ; and the 
dissolved lead, by sulphydric acid. Tlie filtrate boiled to rt‘move the suluhydrie acid, 
and evaporated, deposits jalapic acid, which, in case it hiw become colourad, may be de- 
colorist by treatment with animal charcoal, or by boiling it with a little hydrate of 
lead, and subsequently passing sulphydric acid through the liquid. 

Jalapic acid is a translucent, amorphous, shining, yellowish, brittle mass, which 
does not soften below 100°, and at about r20<=> molts to a turbid, very hygroscopic syrup. 
It lias no smell, but an imtating sweetish taste (Mayer), or a sourisli irritating taste, 
with bitter after-taste (Spi r gat is). It has a strong acid reaction; dissolves very 
easily in teaser, easily also in akohol^ less easily in Hher. It contains, acconling to 
the moan of Mayers analyses, 54*4 per cent, carbon uiul 8 3 hyilrogcn ; according to 
Spirgatis, 646 carbon and 8’2 hydrogen: hence Mayer deduces the formula 
requiring 64-6 carbon and 7-9 hydrogen; the formula above given, which 
rtquires 64*0 carbon and 8 0 hydrogen, i.s perhaps more probable. 

Julupic acid decomposes at about 130® ; when heated on platinum foil, it burns with 
a bright sooty flame. When a concentrated aqueous solution is stirnul for a long time 
with fuming hydrochloric add, it splits up into jalapiiiol and glucose (^May er) : 

2C»*H*0‘» + 7IPO = + 6C«n'*0». 

The jalapic acid obtained from scammony forms jalapiuolic acid, instead of jalapinol 
(Spirgatis; sec p. 440). The same decom|KXsition appears to be caused by emulsin 
(Mayer). Mayer obtained alphajalapic acid by boiling jalapic acid with dilute acids 
By nitric acid jalapic acid is converted into ipomaeic and oxalic acids. When melted 
with hydrate of sodium, it gives off hydrogen, and forms jalapiuolic and oxalic acids. 

.laTapatcs. Jalapic acid unites with bases, forniing salts in wliich 1, 2, and 3 at. 
livdrogen are replaced by the same number of atoms of metal : mixtures of these 
dlflercnt salts are, how(*ver, very apt to form. It displaces carbonic acid from the car- 
bunates of the alkalis and alkaline cjulhs. Even when neutrali.'‘cd with an alkali, it 
gives no precipitate with any metallic salt, except basic acetate of lead. The jalapates 
are amorphous. 

JJaHum-salts. The monoharytic salt, C*'*ll'*WO**, is obtained by mixing aqueous 
jalapic acid with a slight excess of baryta-w'ater, removing the excess of baryto w’ith 
carbonic acid, then wanning and evaporating the filtrate. It resembles the tribarytic 
salt, and contains, according to May er’s analysis, 49 7 per cent. C, 7'6 11, and8'6 Bu, 
the above formula requiring 49 4 C, 71 H, and 8’3 Ba. 

The tribarytic salt, O^^lI'^Ba'C”, is prepared by boiling jalapin for 4 Uj 6 hours, 
witli 2 pts. liydnite of barium and 4 pts. water (or mixing it with an equal weight of 
liydrateof barium, melted for half an hour in an air-bath, and then heated with water), 
mid passing carbonic acid through the boiling solution, which is then filtered and 
evaporated down, and the residue dried at 100° in a current of air. It is an amorphous, 
nentnd, slightly-coloured mass, having a slightly irritating, bitter-sweet taste. It melts 
at 100®, and decomposes with intumescence when stroncly heated. It is soluble in 
wafer and alcohol, and is not decomposed by carbonic acid (Mayer, Spirgatis). It 
contains, according to Ma^er, 42* 1 percent. C, 6*0 H, and 21'6 Ba, the 
formula requiring 43-2 C, 6 0 H, and 218 Ba. [Mayer’s formula, Wi Ba (J^ ^ 
requires 42'4 C, 6 9 H, and 21*3 Ba.] 

A salt of intermediate composition, p<*rhap8 the dibarytic salt, appears also to bo 
formed under certain circumstances (Mayer). 

Jalapate of Recently precipitaU*d hydrate of lead dissolves in boiling aqu^us 

jalapic acid, forming an amorphous, easily soluble salt. When the aejueous acid is 
iK>iled for a long time with excess of hydrate of lead, a gummy, tumefieii, basic salt is 
formed, which is insoluble in water, and very sparingly soluble in ah'ohol. The aqueous 
acid gives no precipitate with neutral acetate of lead, but copious white flakes with the 
basic acetate (Mayer, Spirgatis). Ammoniacal acetate of lead, or the basic acetate, 
throws down, from the aqueous acid, a flocculcnt precipitate, which may be purified by 
repeated solution in acetic acid, precipitation with ammonia, and washing. After being 
dried over oil of vitriol, it does not lose weight at 130° (Keller). It contains, ac- 
cording to Kelle r’s analysis, 31*1 per cent, lead ; the formula C**H***Pb*0** rtHjuircs 
29- 1 per cent. K e 1 1 er ’ s salt probably contained excess of base. 

AJpba-Jxlapto aold« (W. Mayer, Ann. Ch. Phann. xcv. 166.)-;- 

hen dilute aqueous jalapic acid is boiled for not too long a time with hydrochloric 
or dilute sulphuric acid, one part of the jalapic acid is completely converted into 
jalapinol and sugar, another smaller part into alphi^alapic acid, which, on cooling, 
•»«parate8 out, with the jalapinol, as a soft, brown, semi-crystalline meM. By boiling 
this mass with baryta-water, removing the jalapinolate of barium which separates on 
<^liDg, and concentrating the mother-liquor, white silky needles of alphajalapic acid 
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are obtained, while jalapinate of barinm remains in solution. The ne^les are puri- 
fied by recrystallisation from water ; then dissolved in boiling water, and decomposed 
by acetic acid ; and the alphajulapic acid, which crystallises out on cooling, is collected 
and purified by washing, recrystallising from wafer, acidulation with acetic acid, solu- 
tion in alcohol, and precipitation with hot water. 

Alphajalapic acid forms white, flexible needles, exhibiting a silky lustre under 
water, melting below 80° to a pale yellow thin oil, and forming a crystalline solid on 
cooling. It has no smell, but an irritating taste, with sweetish after-taste, and is 
feebly acid. It dissolves sparingly in cold, more freely in boiling water ^ easily in 
alcohol and in ether. 

When the barium-salt ([or the acid itself is heated^ it is decomposed, with frothing, 
and gives off a brown acid oil, which solidifies on cooling, partly in the crystalline 
form. When treated with dilute acidst or boiled with nitric acid, or melted with 
hydrate of potassium, it exhibits the same reactions as jalapic acid. In the decompo- 
sition with dilute acids, however, only 4 at. sugar are formed to 1 at. jalapinol, whereas 
jalapic acid (p. 437) yields 6 at. sugar: 

+ 5WO « + 4C‘H>20«. 


Alphajalapatc of barium, prepared as above, forms white, glittering, brittle, crystal- 
line ni'odles, liaving a sweetish irritating taste, and melting easily, without loss of 
water, to a thin oil, soluble in water and in alcohol. It contains 10*5 per cent, barium, 
corresponding with the formula C»®IP«Ba"0«, which requires 10*4 per cent, barium, ’ 

JAXAPZir. (J. Johnston, Phil. Trans. 1810, p. 342; Phil. Mug. 

[3], xvii. 183.— -A. Kayser, Ann. Ch. Pharm. li. 101. — W. Mayer, ibid. xcv. 129. 
On Jaiapinfroyn scammony-rcsin : Johnston, Phil. Trans. 1840, p. 340.— Pr. Keller, 
Ann. Ch. Pharm. civ. G3 ; further, with alterc'd data, ibid. cix. 209.— Spirgatis ibid. 
cxvi, 289.) 

This substance {KnyRev'^pararhodcoretin) occurs in the root-stalk of Convolvulus 
(or Ipomcea) oricabensis, the jalap-stalks or jalap-wood of commerce, and forms the 
principal portion (soluble in ether) of the jalap-resin prepared therefrom. [On the 
rt'sin of tuberose jalap-root, see ii. 15.] 

The resin of jalap-stalks has been examined also by ITtinle (Repert. xlviii. 30 
and Plane he (J. Pharm. xxiv. 109). According to Weppen (N. Br. Arch. Ixxxvii. 
153), it resembles the resin of Co7ivolvulns arvensis, which, like jalapin, assumes a fine 
purple-red colour with sulphuric acid, and is solul>le in ether (contrary to the state- 
ment of Planche, J. Pharm, xiii. 165, who found it insoluble in ether). TIh* same 
resin has been examined by Chevallier (J. Pharm. ix. 306). 4'he resin of Convolvulus 
Soldandla appears, according to IManche, to be freely soluble in ether and alcohol, as 
also the portion of the tuberose jalap-root which is soluble in ether : both tliesi* 
resins are therefore, ^x'rhaps, jalapin. 

Commercial scammony resin, from Co7t volvulus Scanunonia, w’as descrilicd some 
years ago by Boui llon-Lagrang.e and Vogel; also by Planche (J. Pharm. xiii. 
1G5 ; xviii. 183). Cl. Marquart (N. Br. Arch. vii. 248 ; x. 139) described the rosm 
obtained from the root, and believed he had separated frouT it a vegetable base (cow ?v./- 
vidine). Johnston recognised the similarity between scanimony-resin and the 
resin of the jalap-stalks ; Spirgatis showed that scatnmonin, the chief constituent of 
the former, is eitlier identical with jalapin, or differs from it only in so hir that, wln ii 
decomposed by acids, it at once yields 8cammonolic(jalapinolic) acid ; wherea.s jalapin, 
according to Mayer, when treated in a similar manner, yields at first jalapinol (*p. 439). 
These statement are, perhaps, better founded than the coBtraiy* statements of Keller 
andKoksmann (p. 440.) 

According to Planche, the resin of Convohidus t 
and Charlard, that of Conv. Turwthum (J. Ph 
ether, and may tlras bo disftinguished from jalapin. 

In what follows, the statements of Kayser and Mayer relate to jalapin from 
jalap stalks; those of Keller and Spirgatis, to that from scammony. 

Preparation. — a. From commercial Resina Jalappa ex stipitibus. To a solution of 
the resin in a large quantity of alcohol, water is added, until it becomes slightly turbid ; 
the whole is repeatedly boiled with animal charcoal, and the still- colon red filtrate is 
precipitated by nentral acetate of lead and a little ammonia, which produces a small 
greenish-brown precipitate. The liquid is filtered, and the filtrate freed from lead 
by passing sulphydric acid throf^^h it, then heating and filtering ; the alcohol is again dis- 
tilled off, and the resinous residue repeatedly kneaded in boiling water, then dissolved 
in ether, from whicli it may be recovered by evaporation (Mayer). Or the alcoholic 
resin, after treatment with animal charcoal, is boiled for a long time with freshly-pre- 
cipitated hydrated oxide of lead ; the lead is separated from the filtrate by sulphydric 
acid ; and the resin is three times separated by water from the alcoholic solution, then 


es srp^g/i, and according to Bo u t ron 
PhanC^ii. 131), are not soluble in 
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well bofled in water and dissolved in ether (Mayer). Kayserexhanstethe^t^th 
alcohol • evaporates the tincture ; washes the resinous n'sidue with hot water, dissolves 
it in aicohol, and treats the solution with animal charcoal ; distils off the alcohol ; 
boils the residue again with water; and dries it over a water-bath. Johnston ex- 
Rniinod a resin that was obtained either by dissolving the commercial ream m ether 
Hod evaporating the solution; or by exhausting the ground root of commerce with hot 
iilcohol *^aporating the brown tincture, and extracting the residue with ether ; or by 
extracting chips of the root with cold alcohol, evaporating, boding the residue in 
water, dissolving the resinous residue in ether, and evaporating the solution. 

b From Scammony. — Coarsely-powdered scaramony is exhausted with cold alcohol 
^boiline according to Keller) ; the tincture is diluted with watiu- till it beconies turbid, 
d(‘Colori 8 ed by animal charcoal, and filtered; the greater part of the «lfohol is dis- 
tilled off* and the residue mixed with water is heated in a water-bath, till the whole 
of the alcohol is driven off, after which tho resin is treated for a long time in a water- 
bath with frequently-renewed hot water, and at last dried up. Ihe residue may bo 

disso’lved in ether and recovenKl by evaiMiration (Spirgatis.) 

Tho ialapin (obtained according to a or b) still contains a small quantity of a \oIatile 
acid (valerianic acid, according to Keller), which cannot be completely rcinovcd even 
by very long washing. It betrays itself by the smell which the jalapin emits when it 
is^convorted by bases into jalapie acid, and the resulting solution sujs'rsaturated with 
•I mineral acid. Keller regards this acid, the bulk of which passes off in the water 
used in washing the jalapin, as an essential product of the decomposition of scammony ; 
whereas Mayer and Spirgatis regard it as a mere contamination. 

Jalapin is a colourless, amorphous resin, translucent when in thin 
plates ■ at 100° it becomes brittle, and may be rubbed down to a white powder. It 
softi'ii at 123°, and melts at 150° to a transparent, colourless, or pale-yellow syrup. 1% 
is tivsteloss and inodorous ; in alcoholic solution it gives a scarcely peroep iblo acid i-e 
action (Mayer, Spirgat is). It is but slightly soluble in water, but disHcdves very 
easily and without decomposition in alcohol, wood-spmt, ether, anil chloroform. It 
dissolves also in benzene, oil of turpentine, mA j}etroleum. 

Tho composition of jalapin dried at 100°, or in a vuenum at common temperatures, 
is shown by the following analyses. 


Anatyiei. 


34 C 
60 H 
10 0 
(jUjiMQia 


Calculation. 


^ay««*r. 

Major. 

. 408 

60*06 

68*13 

66 62 

. 66 

I’ll 

807 

8*18 

. 256 

?6*67 

33-80 

36*30 

'720 

100 00 

100*00 

100 06 

id in tho resin obtained 
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stalks, 


Kfller. .SpirgiiiU. 

60 05 60*47 

8*39 7*93 

34*96 35 00 


100*00 lOOO'o 10000 


imnionv-resin 64 06 to 55-3‘Z per ceni. curooii. rwcjiui .... ^ 

l>.,:.4oMions.-\. JalHJ.in hmUd ab<.v. 127° nivca " 

.■ fornf of a volatile cornfajund, wliicli conlaii.H lesa oxygon ^ ^ 

(.Iol,naton). Jalapin »lueh n.el<e at 160O,be.;o.„ea 


ao,p, ; a pungent empyr..um«tic odonr (Spirgatia -2. ^h.^n h aded on plat n^ 
foil, it takea Are, hnrna with a bright a^dy flame and •‘"’I'y"-"""; "^lon in 11 to ” 
charcoal. -3. It diaaolvea alowly in cold atrong sulphur, c «e ,/ " ^ " b^,w„ 

ten minutes, acquiring a beautiful r„ r.in o^ ^bTOwn taUowy 

and Anally black. On standing, or after dilution, a brown rtsm Mavor 

Ixidy separates from the liquid, while sugar reroai^ • '1 m inf oven Oiat which has 
•Soi riratis'l— 4 Bv heating with dilute mineral ucirfs, jalapin (oven that wliicti Iim 
been diai^lved in afkalis ani thereby converted into jalap.c acid) ts decomposed into 
jalapinol and sugar (May cr). When jalapin from 

way, jalapinolic acid is obtained in place of jalapinol (Spirgatis). formation of 
jalapinol ; 

2C«H“0'‘ 

Of jalapinolic acid ; 

C**H“0'‘ 


IIH’O - C"II“0’ + BC'H'K)* (Mayer). 


V. .. V. + 6ICO - C-n-0* + 3C*II'»0* 

If pure jalapin (or pure jalapie acid) has been used, no other 

th.L jist mention^ (Slayer, Spirgatis). Ae^rd.ng to » whe^« 

(alkaline or alcohoUc?) of scamraonm is and 

hydrochloric acid gas. and then left to itself, three de(^m^si^-p^^ r^^^ 
the formation of a fourth (formic acid or formic alao 

formula. Tha products of this decom^i^ition mc a. A -Us^hoL 

aeparable by m lkaUM into scammonolicii^ id (jalapinolic acid), and an alcohol, C if . 
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over as valerianic acid when scammony-resin is bnl/ni 
[iJ’ute sulpburJc ucid. — c, A carbo-kf/drate, 
sugar by simple boiling with dilute sulphuric acii 

But, according to Spirgatis, the neutral body a must be regarded as ethybseaTnnm- 
nolic ether : moreover, the valerianic acid is obtained only from impure scanimouin. 
Kosmann (X Pharm. [3], xxxviii. 83), by boiling scammony-resin with dilute sul- 
pliuric acid, obtains sugar and his sca/umoneol, as a soft, yellowish-white substance, 
having a silky lustre and acid reaction, and separating from the hot alkaline solution 
on cooling. He calculates, according to Johnston’s analysis of scammony-resin, the 
formula C*'H*^0'* for scammonin, and so arrives at the equation of decomposition: 
C«H”0'* + 6H'^0 = 3C®H*20« + 

5 , When jalapin is dissolved in aqueous solutions of caustic alkalis, ammonia, or 

baryta-water, or in boiling alkaline carbonates, water is assimilated, and jalapic acid, 
soluble in water, is formed (Mayer, Spirgatis), probably thus; 

+ 2H*0 = 

Even the purest jalapin yields also traces of jalapinolic acid and a volatile acid, but no 
sugar (Mayer). When jalapin is melted with hydrate of sodium, hydrogen is given 
0 % and jalapinolic and oxalic acids are formed (Mayer). Keller, by boiling scammonin 
with alcoholic potash, obtained dark flakes (on account of impurities in the scammonin, 
according to Spirgatis); and on subsequently adding water to the solution, the com- 
pound, C^If^CP or C'®H‘^0, was precipitated in wliib' flakes, while valerate of potassium 
remained in solution. The body, regarded by Keller as an alcohol, is likewise, 

formed, on boiling commercial jalapin (obtained from the resin of jalap-stalks) or 
scararaony with baryta-water, or solution of potash ; it evaporates with the water, and 
separates in gelatinous flakes from tho distillate. At 40^ it melts to an oil, crystallis( s 
on cooling, and conbiins, on tlie average, 78 per cent. U, H'Ti IT, and 7’88 O. Kclh r 
regards this body as a product of the decomposition of scammonin (or more, exactly 
of the neutral body, C^Ji'^0* or ; Spirgatis regards it as a mixture of resins, 

since tho greater portion of it is obtained on distilling the impure resin with water. 

6. By nitric ac/c/, jalapin is at first decomposed into jalapinol and sugar, and the.so 
products, when further subject'tid to the action of the nitric acid, are converted into 
ipoimeic and oxalic acids (Mayor). A small quantity of nitric acid does not colour 
jalapin ; but, in presence of guaiae-resin, a green colour is produced (Bull, Spirgatis). 
— 7. When sulphurous anhydride is passed through an ammoniacal alcoholic solution 
of scammony resin, silvery -shining plates are separated, conkaining perhaps an aldehyile 
in combination with acid sulphite of ammonium. (Keller.) 

Xii&APXSfOZtii C“H“*’Ob (W. Mayer, Ann. Ch. Pharm. xcv. 145.) — Jalapin 
and jalapic acid are resolved, by contact with miner.il acid.s, slowly at ordinary, more 
quickly at elevated temperatures, into jalapinol ami sugar (pp. 437, 439). Jalajiinol 
and sugar were also produced, in one instance, wlien aqurous jalapic acid was left for 
24 hours in contact with emulsion of aliuomls at 30^^ to 38^^ ; whereas, in a second expe- 
riment, pure emulsin did not eflfect tho decomposition, perhaps because tho solution was 
too strongly heated. 

To prepare jalapinol, a moderately concentrated acpieous solution of jalapic acid is 
mixed w'ith half its bulk of fuming hydroclilorie acid, and UTt to itself for days, or till 
tho clear mixture has solidified to a thick crystalline ^ulp ; and the product, after 
being washed on a filter with cold w'uter, is rejx'atedly 4nclt(‘d under warm water, and 
purified by rocrystallisation from alcohol, with help of Hpfbial charcoal. 

Jalapinol forms white, cauliflower-like crystals, wliicfi melt at 62° or 62‘6°, and 
solidify at 69’6° to a hard, brittle, crystalline mas.s. It makes grease-spots on paper; 
is inodorous ; has an irritating taste, and weak acid reaction. It is soluble in alcoh.d 
and in ether^ 

In contact with caustic alkalis, aqueous ammonia, or baryta, k is converted, with 
elimimitiou of water, into a salt of jalapinolic acid : 

4- 2BaIIO = 2C'«H=*»BaO* -f 3H*0. 

J3k3LA9tMO%XC ACX1>. C**H**0*. — Aji acid produced — 1. By treating jalapinol 
with caustic alkalis, or with baryta (Mayer). — 2. By the action of melting hydrate of 
potassiam on jalapin or jalapic acid (Mayer). Jalapin and jalapic .acid, prepared 
firam seaoMiony, are resolved by mineral acids into jalapinolic acid and sugar. (Spir- 
gatis.) 

Preparation. — 1. Jalapin is added gradually and by small portions to hydrate of 



1 . Amj/lic aldffcjfde,\7\uc\i pawes 
with potash-ley, and then with a 
which, however, is converted into 
Keller gives the equation : 
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•odiam melted with Jth pt of water (the mass then np violently, mving off 

hydrogen and turning brown) ; the mixture is heated and stuTea as long as hydr^en 
continues to escape; the crumbling light-yellow mass is dissolved in water after cool- 
ing ; and the greater part of the alkali is neutralised with acid. The julapinolate of 
sodium, which separates after some hours, is collected, waslanl, and deeomjKX*ed by 
hot acidulated water; the separated acid is i^ain repeatedly melted with pure 
water then dissolved in alcohol and treated with animal charcoal ; the somewhat 
concentrated filtrate is mixed with a large quantity of warm water ; and the solid acid 
which separates on cooling is collected (Mayer). From the mother-liquor filtei^ 
from the jalapiuolate of sodium, excess of acid still separates a small quantity of im- 
pure jalapinolic acid (Mayer). — 2. The hot aqueous solution of jalapic acid (from 
scammony) is digested in the water-bath for a fortnight with dilute sulphuric acid ; 
and the tallowy mass which separates on cooling, is freed from sulphuric acid by 
washing with hot water, and crystallised from ether with help of animal charcoal 
(Spirgatis). — 3. Jalapin from seainmony is added to boiling ba ryta- water ; the 
liquid is lieat^ till the whole is dissolved, and a sample of the filtrate is not rendered 
turbid, either by water or by hydrochloric acid; and the solution, Jifler filtration, if 
mixed with one-third of its volume of fuming hydrochloric acid. The liquid becomes 
turbid in about 20 hours, and soliilifies in the course of 10 days to a thick pulp, which 
is collected washed with cold water, remelted with hot water, and recrystalliscKi foul 
or five times from aqueous alcohol. 

Prom rtiis. Jalapinolic acid fonns white tufts of needles, appearing under a magiii- 
fvim»^ power of 300, as thin 4-sided prisms. It melts at 64® or C4-6® (60® to Gl®, 
according to Keller,) and solidifu's at 61*5® or 62® (Mayer), at 60® (Spirgatis), 
to a white radio-crystalline, hard and brittle mass. It makes grease-spots on paper; 
is lighter than water; inodorous, but has an irritating taste and acid reaction (Mayer, 
tSpi I’gatis). It is insoluble in wat<r, but soluble in alcohol and in tthr. 

When hiaUd2iho\Q its melting point, it decomposes with intuincHcenee, emitting a 
].nogent odour which attacks the eyes and throat.— iVVYnc* acid oxidises it to ipoimeifl 
acid and oxalic acid (Mayer, Spirgatis). 

.lalapinolatos. The acid is monobasic, the general formula of its neutral salts 
Wieg 

Jalapiuolate of Ammonium, C‘*II'®(N}I^)0>.C'*IP®0’.— Ily dissolving ^^alapinol or 
jalapinolic acid in aqueous ammonia, an opnhscent liquid is obtained wlin h gives olt 
aiuMionia when evaporated, solidities to a crystalline mass when concent ratcil to a 
cfitain point, but if completely evaporate<l, h av(‘s an amorjhous neutral jelly soluble 
ill water. The crystals are grouped like cauliflower-heads, and when strongly iiiagni- 
fn'tl, appear as long colourless needles. (Mayer.) 

Jidapinolate of ohuiiu'd by procipiUiting jalapinoluto of 

ammonium with chloride of barium, or by boiling jalapinol or alcoholic jalapinolic 
aci<l with baryta, iind crj'stallises out on cooling, in microscopic, thin, white, luslreless 
nct'dlcs, melting to a coloiurless liquid when heated. It is nearly insoluble in cold, 
sparingly soluble in boiling water, more easily in boiling aqueous alcohol. (Mayor, 
Sjiirgatis.) 

Jalapiuolate of ammonium precipitates a<|uoous chloride of calcium. 

Julapinolate of Copper, a. hoHic . — When a slightly alkaline jupioous solution 
the ammonium-salt is precipitated with cuj.»ric aeetaU% and tlm precipitate is waslK^ 
and dried at 100®, a dark bluo-groon, amorphous, very loose m.iss is obtained, winch 
molts, without loss of water, to a dark green liquid, and solidifies to a translucent 
brittle muss. It is insoluble in water, nearly soluble in alcohol, contains at 100 , 
18'76 per cent, cupric oxide, and is therefore 2C*^li‘‘*Cu O^.t^u 11*0* (calc. 18 24 per 

cent. CuO). (Mayer.) r i- r 

b. Awfro/.— A hot a<iUoouH solution of jalaj>inolate of sodium foms 
with hot aqueous cupric sulphate, a green-blue precipiUite, which dries up to a li^ht 

hlue-greenamorphouspowder, melting toad irk green liquid when he.iti'd. (Hpi rgatis.) 

It gave by analysis 13-24 per cent. CuO, the formula requiring 13 28 i»or cent. 

Julapinolate of ammonium precipitates iron . 

Jalapinolaie of Lead, CWH^^PV'O*, is obtained by precipftSfelng alcoholic jalapinolic 
W’id mixed with a little ammonia, with neutnil acetate of leiui, and wasliing the white 
amorphous precipitate with dilute alcohol ami water. It sinters together to an ojaiquo 
«nas8 at 120®. It is sparingly soluble in water and alcohol. 

JalapinolaU of Potaseium is obtained by dissolving jalapinol in l>oiliDg aquwms 
I^otash. The solution on cooling solidifies to a ci^stalline pulp, which, afUr washing, 
»md recrystallisation from water or alcohol, forms slender, while, silky needleH, melting 
without decomposition when heated. It is neutral, forms an opiilew-ent solution with 
Water, even when free alkali is present, and is wduble in alcohol. . r j 

LalapinolaU of Silver, C‘*H**AgO*.— The alcoholic solution of the acid neutralised 
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with ammonia if predpita^ by a warm solution of nitrate of sUver, in flakes which 

hare a scarcely perceptible crystalline character. (Keller.) 

Jalapinolate of Sodium, C'*H»NaO*, crystallises in slender dazzlmg-white tiifts 
of needles, which form a turbid solution with a small quantity of hot water, a clear 
neutral solution with a larger quantity, and are likewise soluble in alcohol. (Spi r gat i s.) 

JalapinoUo atlier, = C'«H^(C*Hf)0\ Scammonolic ether . — When 

hydrochloric acid gas is passed into a solution of jalapinolic acid in absolute alcohol, 
and the resulting liquid is mixed with water, a yellow oil separates, which must be 
washed, after solidification, with cold alcohol, dissolved in boihng alcohol, mixed with 
carbonate of sodium, and after it has separated out on cooling, repeatedly precipitated 
from the alcoholic solution by water. It may also be obtained from scammony resin, 
by passing'hydrochloric acid gas into the alcoholic solution. (Spirgatis.) 

A cupriferous silver-glance from Jalpa in Mexico. It has a 
blackish lead-grey colour, is malleable like ordinary silver-glance, and has a specific 
gravity of 6 877 to 6*890. According to an analysis by R. Richter, it contains 
14*36 per cent, sulphur, 71-51 silver, 13*12 copper, and 079 iron, agreeing nearly with 

the formula, I ’S. (Br eithaupt, Jahresber. 1858, p. 682.) 

JAMAZCZiarB. An alkaloid said to be contained in the bark of Geoffroya inermis, 
a leguminous tree growing in Jamaica and in Surinam. (Iliittenschmidt, Geiger’s 
Mag. Pharm. Sept. 1824.~Winckler, Pharm. Centr. 1840, p. 120.) 

JAMBBOZrZTS. A sulphantimonite of lead occurring in trimetric erytslals. 
ooP : ooP r= 101® 20' and 78® 40'. Observed planes ooP, ooPoo . Cleavage l>aK:i], 
very distinct ; parallel to ooP and <x!^qo less distinct. Sometimes capillary ; also massive 
with columnar structure ; particles delicate, straight and parallel or divergent. Hard- 
ness = 2 to 2 6. Specific gravity = 5*5 to 5 8 (llai dinger). Lustre metallic. 
Colour and streak steel-grey. Opaque. Sectile. 

When heated in an open tube, it gives off dense white fumes of antimonious oxalc ; 
on charcoal before the blowpipe it decrepitates, fuse.s readily, and passes off almost 
wholly in fumes. 

Analyses. — a. from Cornw'all, mean of three analyses by H. Rose (1 ogg. Ann. vm. 
from Estremadura, by Schaffgotsch (/W. x.xxviii.403).— c. from Tuscany, 
by Bechi (8ill. Am. J. [2] xiv. 60).— rf. from Arany, Idka, by Lowe {llaiduujirs 
Berichte, i. 62). 


s 

22*34 
21 78 
20 53 
18*69 


Sb 

Bi 

Pb 

Fe 

Cii 

Zn 

Ag 

34 29 


39*94 

204 

0*18 

trace 


32*62 

1*05 

39*97 

3*63 

. . 

0*42 


32*16 


43*38 

0*94 

1*25 

1*74 


33*10 

0*22 

40*82 

2*99 

1*78 

0*35 

1 48 


= 99*39 
= 99*47 
= 10000 
= 99*33 


These analyses lead to the conclusion that Jamosonite is an isomorphous mixture of 
sulphantimonite of lead 2PbS.Sb'S^ with the corresponding compounds of iron (copper, 
zinc, and silver). Such a mixture of one molecule of the iron-salt and three molecules 


of the lead-salt, viz. 2FeS.Sb*S\3(2PbS.Sb^S’) or (EoPb>Sb«)*S‘*, would contain 2104 
per cent. S, 32*55 Sb, 42*02 Pb, and 3*79 Fe. 

Jamesonite occurs principally in Cornwall, associated with quartz and minute ci^’stals 
of bournonito ; occasionally also in Siberia, Hungary, Spain, and Brazil. (Dana, il 75; 
Rammelsberg, p. 68). 

JAPONIC ACZZ>. C*HI‘®0*. — An acid produced by exposing to the air a solu- 
tion of catechin in caustic potash. The liquid slowly Wackens, and on adding hydro- 
chloric acid, a black precipitate of japonic acid is prdftjiced. The acid is soluble m 
water, but insoluble in alcohol. It forms with pota^^ a black salt which produces 
black precipitates with metallic solutions. (SvanbeTg, Ann. Ch. Pharm. xxiv. 215.) 

jaBOZONZTB. a variety of galena, crystallised in octahedrons. Specific gravity 
6*932. 

JABOON. Syn. with Ziecon. 

JABOSZTB. A native fen* 080 -potassic sulphate from Baranco Jaroso near Sierra 
Amagrera in Spain. Crystallises in yellowish rhoinbohcdrons with basal cleavage. 
(Dana, ii. 389.) 

y n^ff PBNt A sub-species of quartz of which the following varieties are enume- 
rated by Jameson. i i w 

1 . Egyptian jasper^ which is red or brown.. ^ The first is flesh-red, blood-red, yellow 
and bro^, in ring-shaped delineations; in roundish pieces, dull, with concboidal frac- 
ture. Feebly translucent on the edges. Hard ; easily frangible. Specifle gravity, 2*63 
It is found imbedded in red day-ironstone at Baden, and is cut into omamenta. 
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The brown Tariety has its various shades of colour di^sed in concentric stripes, 
alternating with black stripes. It occurs in the sands of Egypt, in spheroid^ mawes, 
with glimmering lustre. Fracture conchoidal. Feebly translucent on the edges. As 
hard as horn-stone. Specific gravity 2*6. Infusible. It is cut into ornaments. 

2. Striped jaoper. Colours grey, green, yellow, red, arranged in stripes, in flamed 
or spottea delineations. Massive, in whole beds. Dull. Fracture conchoidal Opaque, 
licss hard than Eg 3 rptian jasper; rather easily frangible. Six>cific gravity 2*6. It 
occurs in secondary clay-porphyry in the Pentland hills, and near Friburg in Saxony. 
It receives a fine polish. 

3. Porcelain jasper. Colours grey, blue, yellow, generally of one colour, or with 
clouded delineations. Massive, and cracked in all directions. Lustre glistening. Frac- 
ture conchoidal. Opaque. Easily frangible, and not verj' hard. Specific gravity, 2*5, 
fuses into a white or prey glass. It is always found along with burnt clay and earth 
slags. According to Werner, it is slate-clay converted into a kind of porcelain, by the 
heat of a pseudo-volcano from beds of burning coal. It is found on the coast of Fife- 
shire, in Shropshire, and Warwickshire, and some parts of Germany, where immense 
beds of coal appear. 

4. Common jasper. Colours red and brown. Massive. Lustre, from shining to dull. 
Fracture conchoidal Opaque. Hard in a low degree ; rather easily frangible. Specific 
gravity 2*6. Infusible before the blowpipe, becoming at last white. U occurs princi- 
pally in veins as a constituent of agate. It is found in the Pentland hills, and in trap 
and transition rocks in Ayrshire and Dumfriesshire. 

5. Agate jasper. Colours yellowish- and reddish-white. Massive, dull. Fracture 

flat, conchoidal. Opaque. Rather hard. It occurs in layei's in agate-balls in many 
places. ^ U. 

The iaspis of the ancients, whence our word jasper is derived, appears to have in- 
ebuied the green or blue variety, together with some other stones not of the jasper 
kind. 

JATROPBA. A genus of euphorbiaccous plants, some of which contain in- 
tonsfdy poi.sonou8 juices : the seeds of several species vield fixed oil. 

The kernels of the seeds otjatrepha Curcas were ^und by A mail don and Ubal- 
dini (Cimento, vii. 431) to contain 7*2 percent, water, 'M h oil, /iiVS sugar, starch, 
alhruriin, ca.scin and inorganic mutters. Tlio kernels yield(‘d 4*8 per cent, ash, and 
4 2 per cent, nitrogen ; the kernels and husks together, 6 per cent , ash and 2'l)])er cent, 
nitrogen. The oil yielded by saponification, glycerin, and an acid wliich, as well as 
the uinsaponified oil, produced octylic alcohol by distillation with hydrate of potas- 
sium. 

The oil of the fruit of Jatropka glauca and of J. gfandidosa is yellow, has a specific 
gravity of 0*963 and solidifie.s at 6® (J. Lepine, J. J’harm. |3l xl. 10.) 

The root of Jatropka Manihot contains a large quantity of starch, which when freed 
from the poisonous juice of the plant by washing and t(jiTefaction, constitutes lira/ilian 
arrow-r<x)t (i. 359.) 

JBFFSRSOKXTll. A dark-green, crystallised, foliated variety of angite, cmi- 
taining zinc, from Mine Ilill, Franklin, New Jersey. .Specific gravity 3*0. Formula 
(Fa; Fo; Mg; Zn)"SiO< 

JBZtUTZTB. An altered form of garnet, said to occur in rhombic prisms with 
angles of 60°, the supplemontof which, 120°, is thoangloof the rhombic «hHlocnho«lron, 
^[H'cific gravity = 3*741. Ilardnoes above 7. Occurs as a yellowish, slightly greenish 
incrustation, and is compact in its texture. C<anposition, according to Wright 
(J. Oeol. Soc. Dublin, v. 119), 38*09 SiO*, 33*41 IVO", 28 01 FaO - (100*11), which 
if a small part, of the iron is regarded as protoxide, give.s the formula of garnet. 
(Dana, ii. 194.) 

raFBBXWOFFZra or JBWBBXWOWXTB. A variety of vesuvian from. 
Finland, containing, according to Ivanhoff, 37*41 SiO’, 34*20 CaO, 20*00 Al*O*,4*60 
1*16 K’O, and 1*70 Na*0 (= 99*07). It is usually yellowish-brown, but some- 
times colourless. (Dana, ii. 506.) 

Syn. with Htdsophitb (p. 212). 

^nwxmm. An alkaloid discovered by E. .Simon (Pogg. Ann. xli. 569), in the 
root of white hellebore ( Veratrum alhum')^ in which it exists, together with veratrino. 
It is extracted by mixing the alcoholic extract of the root with dilute hydrochloric 
**<!id and precipitatiog with cjirbonate of sodium. The precipitate is diss^»lved in 
slcohol, the solution decolorised with charcoal, and the alcohol reniovwl by distillation. 
The g^ter part of the residue then solidifies in a crysUillirio in;iss, from which the 
rcratrine, being uncrystalli sable, may bo almost entirely removed by submitting it U) 
pressure, moistening the resulting cake with alcohol, and pressing again. In this 
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ia ftlitained nearlv Dure. A further quantity may be obtained, in the 
manner jemn eyanoratinff to^dryness the expressed liquid, which contains both 

Snf r;.idue with>ute sulphuric acid, which take 

UD sulphate of veratrine, and leaves sulphate of j^er^e. f n- *• 

7er?tae is colourless and crysUUine; gives off 6-9 per cent, water -of “ 

(2 »U at 100^ and melts at a higher tempem ure to a ^lourless oi which deoom- 
poAVwhen heated above 200°. It is insoluble in water, soluble in alcohol, very 

“‘T^ISi^twUlT.liU (Ann. Ch. Pha^. «xv. 116), it conUins 74-91- 
74-66 per cfnt. carbon, 967-9-74 hydrogen and S'.f 

the formula for which Gerhardt substituted 6 UNO orCH>iO 

(calculation 74-7 per cent. C, 9-6 H, 5-7 N, and 10-1 O). 

Jervine gives offammonia when fused with yiotos*. , i j i, , 

Acetate ofiervine is soluble in water. The sulphate, nitrat^ and hydrochlorate me 
verv snaringiy soluble in water and in mineral acids. The chloroplatinate forms light 
yolfow flakes which give by analysis 14-58—14-33 per cent, platinum, the formula 
2(C*®H^®N*OMICl).PtCl^ requiring 14*3 per cent. 

J«T. A variety of bituminous coal, resembling cannel coal, but blacker, and with 
a stronger lustre. Specific gravity 1-3. It occurs, together with lignite, in beds in 
floetz trap, and limestone rocks, and in bituminous shale. It is found on the coast of 
Whitby in Yorkshire, in the Isles of Skye and Faroe, in Hcssia, Bavaria, Bohemus 
and Styria It is used for fuel and for making various ornamental articles. 

It is the Gagates of Dioscorides and Pliny, a name derived from the river Gagas in 
Syria, near the mouth of which it was found. F. 

jaWlllSXWrOWXTlS. Syn. with Jefreinoffite. 

JOBAXrirZTS. Native uranous sulphate. See Uranium. 

JOKXrZTS. Syn. with Tuuquois. 

TUCIIkAKrSZNa A substance contained in the juice exprossc'd from the green .sliell 
of the walnut {Juglans regia). The fresh juice is nearly limpid, has a rtmgh bitter 
taste, turns brown rapidly in contact with the air, and then loses its strong ta.ste. By 
prolonged contact with tho air, it deposits brown tasteless flocks, insoluble in wat. r 
and alcohol, tho juice at the same time losing its bitterness. The fivsh juice reduces 
iron-snlts; tho browned juice, when mixed with potash, precipitates ferrous siiliiliate, 
losing its colour at the same time. With nitrate of silvcir it forms a precipitate 
which blackens rapidly, and contains metallic silver. .... 

The extract of green walnut -shells consists of impure juglandin. It is used as a 
remi'dy in cutaneous and scrophulou.s diseases, also for dyeing the hair black. {^Gnh, 
IVaiU, iv. 307). 

XinrXPEB. The berries of tho juniper {Juniperus commxmis), which are used for 
flavouring gin, and in the form of nqiu-ous decoction, also in medicine as a diun tic, 
contain, according to Troram.sdorfF, I'O per cent, ♦‘ssenlial oil of juniper, 4 0 wax, 10 0 
resin, 33*8 sugar, together with acetate and mulatc of calcium, 7 0 gum and vegetable 
Balts,’ 36 0 woody fibre, and 12 9 water. 

Tho essential oil of jumper, obtained by distilling the berries with water, has tho 
composition and vapour-density of oil of turpentino boils at IGO'^; turns the 

plane of polarisation to the left, but less strongly than oil of turpentino. It is very 
little soluble in alcohol of ordinary strength. It does not form a solid camphor with 
hydrochloric acid ; but after the complete absorption of the gas, a liquid is formed 
which appears to contain 3C‘®H'*.2HCl. . , . , , j * 

The old and moist essence deposits crystals which apdto to be identical with hydrate 
of turpentine. It is acid and contains formic acid. ^ 

By distilling unripe juniper-berries with salt-water, TJianchet obtained another oil, 
which boiled at 206°, but appeared to have the same compoiiitiou as that just described. 
(GcrA. Traiti, ui. 637.) 

JUWBBAZTB. Spathic iron ore. 

JimZXrZTB. Syn. with Bbookitb. 


K 

JtJBMBnBBBBZTB. A variety of pyrosclerite containing a considerable quantity 
of chromium. (See Pyrosclbkitb.) 

aUBBKVZ'SAZES. A substance contained in the root of Ktempferia Galan^a, 
It may be extracted by ether, togfther with a brown, viscid, aromatic substance, which 
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nay be removed by dissolving the product several times in alcohol^ the brown sub- 
ftance separating flret when the solution is left to evaj^rate. 

Kserapferide crystallises in yellowish nacreous laminne, without taste or smell. It 
melta at a temperature above 100®, dissolves in 26 pts. of ether at 16®, is less 
soluble in alcohol, and nearly insoluble in water. It dissolves in warm acetic acid, 
and the solution yields with ammonia a precipitate soluble in excess of that reagent. 
Sulphuric acid imparts to it a fine bluish-green colour. Caustic potash dissolves it 
with yellow colour; carbonate of potassium with effervescence. 

Ksempferide gave by analysis (calculated w'ith tlio old atomic weight of carbon) 

65- 3 per cent. C, 4*3 H and 30-4 0. (Brandes, Ann. Ch. Pharm. xxxii. 312.) 

XA.&Z8ACCHA&XO ACIB. Syn. with Olucic Acid (ii. 848.) 

XAXiTPXiOTrrS. A name given by Shepard (Sill. Am. J. [2], xii. 210) to 

some small black-brown crystals from Haddam, Connecticut^ regarded by him as a 
new mineral. Dana, however, regards them as garnets. 

y AV.A- A substance obtained from the fruit of Jioilhria tinctoria, and used 
as an anthelmintic (see Rottle«ia). 

XAWSZTB. Arsenical Manganese. (See Manoanksk.) 

BLAOXdrar. The Chinese name of porcelain clay (i. 1024). 

XLAPXrXTB. A variety of calamine containing more than 16 per cent, of ferroiUl 
oxide. The angle of the rhombohedron K : K is 107*^ 7 (Broithaupt). 

]£AAXULX1XXTXI. An oxysulphido of bismuth occurring, together with telluric 
silver, in the Sawodiiisk mine in the Altai. It forms crude lumps, having a metallic 
aspect, a decidedly crystalline fracture, with prevailing cleavage in one diw'Ction, strong 
metallic lustre on the fractured surface, and lead-grey colour. Hardness 2 ; specific 
gravity = 0-60. On treating the pulveriseil mineral with hydrochloric acid, a small 
cpiantity of admixed bismutite (i. 697) dissolves and pure kandinite remains undissolved. 
The latter heated in a test-tube gives off sulphurous anhydride, but no frei* sulphur, 
and firms a grey slag, from which globule.s of metallic bismuth (Xize out; heated in an 
open tube, it also gives off sulphurous anhydrid(>, and leaves a metallic regulus stir- 
rminded by a brown easily fusible oxide. Nitric acid easily decomposes the mineral, 
with separation of sulphur. The mint ral give.s by analysis 91-26 per cent, bismuth, 
3 ')3 sulphur, and 5-21 oxygen, agreeing with the formula Bi«SO* or Bi"S,Bi*0*. 
(U. Hermann, J. pr. Chem. Ixxv. 448.) 

XARPHOIiXTX^ See Cauphomtr (i. 800). 

XARPBOSXDBRXTB. See CARriiosiDF.RiTF. (i. 807). 

XARSTBXrXTXL Syn. with Anhydrite (i. 295). 

XAWA-ROOT. The root of P/’/zer m> tht/Hticuni (Forster). When dried be- 
tween 110® and 120®, it leaves a residue amounting to 86 per cent.; after exliaustion 
with alcohol and with water, it leaves 75 per cent, of residue containing 20 jits. w-oocly 
fibre and 49 starch. By exhausting the root with alcoliol of 80 |s*r cent, an extract 
having a peculiar smell and taste is obtained, the solution of which in warm alcohol 
drj^osils needle-shaped crysUls, while a resin remains dissolved. 

The crj'stallino substance cidled methysticin, forms, when purified by repeab*d 
crjstallisation, small white silky needles, destitute of taste and smell. It is insoluble 
in water, sparingly soluble in cold alcohol and ether; reaeti^ neutral; melts at 130®, and 
decomposes at a stronger heat; is dissolved by nitric acid with orange-yellow colour, 
by pure 8ul[)huric acid with violet colour. It yields by analysis 02-03 j)er cent carl>on, 
6T0 hydrogen, and 1-12 nitrogen. . . . . » i i i* 

The resin kawin, contained, together with myristicin, in the alcoholic extract of 
the root, is a soft, greenish-yellow substance, which has a strong aromatic tastxs and 
odour, melts at 50°. decomposes at a stixmger heat, and pnaluces a deep red colourt 
v^ith sulphuric acid. 100 pts. of kawa-root contain 16 pts. water, 20 woody fibre, 
49 starch, 1 methysticin, 2 acrid aromatic resin, 3 extractive and gnrnmy matter, 
1 chloride of potassium, and 3 magnesia, silica, alumina, and ferric oxide. (Goblcy,, 
J. Pharm. [3], xxxvii. 19.— O’Rorke, Conipt nmd. L 498.) 

SLAWAXXr. A crystallisable non-azotised substance, from kawii-root; it contain 

66- 83 per cent, carbon and 6 64 bydwgen. (Cuzert, Compt. rend. L 436 ; lii. 206.) 

XAWZir. The resin of kawa-root. (See above.) 

Barbadoes tar. (See Bi-txtmrn.) 

UZldKAVITB. Syn. with Yttbotitaxitr. 

UBV. Incinerated sea-weed. («ee Ska-weed.) 

w wia A hydrate<l sulphate of aluminum from near Kontgsbet^ 
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in Hungary, having the same composition as alunogen (i. 161). It ocours in crystal* 
line crusts, and six-sided tai^les of the monoclinie system, with two angles of 92®, and 
four of 134®. Specific gravity » 1*6 to 17. Contains 14*30 per cent, alumina^ 
2*16 ferrous oxide, 36 76 sulphuric anhydride, 44*60 water, and 2*01 insoluble matter 
(sss 99*81), agreeing approximately with the formula A1®(S0*)M8H*0. 

XBRAFBTIi&ZTS. Syn. with CABiNTniN (i. 804). 

IKBltAXO-'ntXTB or Horn-silver. Native chloride of silver (See Silver). 

BlBBABXTBf Cerasine, or Horn-lead. A native compound of chloride and 
carbonate of lead. (See Lead.) 

BBBiiTB. Syn. with Kerargyritb. 

XBBMBS {Coccus ilicis, Lin.) is an insect found in many parts of Asia, and the 
south of Europe. On account of their figure, these insects were a long time taken for 
the seeds of the tree on which they live : whence they were called grains of kennes. 
They also bore the name of vermillion. 

To dye spun worsted witli kcrmcs, it is first boiled for half an hour in water with bran, 
then for two hours in a fresh bath with one-fifth of Roman alum and one-tenth of tartar, 
to which sour water is commonly added; after which it is taken out, tied up in a linen 
bag, and carried to a cool place, where it is left some days. To obtain a full colour, 
as much kermes a8_ equals thre^e-ifourths, or even the whole of the weight of the wool, is 
put into a warm bath, and the wool is put in at the first boiling. As cloth is more 
dense than wool, either spun or in the fleece, it requires one-fourth less of the salts in 
the boiling, and of kermes in the bath. 

The colour that kermes imparts to wool has much less bloom than the scarlet made 
with cochineal ; whence the latter has generally been preferred, since the art of height- 
ening its colour by means of solution of tin has been known. U. 

XEBMBS, MIXTBRAXt, Amorphous trisulphide of antimony. (See Antimony, 
Sulphides of, i. 330:) 

KBBMB8ZTB or XBRMBSOMB. Bed Antimony. Antimony-blende. Pyran- 
timonite, Pyrostilbite. Jiothspiessglanzcrs . — A native oxysulphide of antimony, oc- 
curring in monoclinic crystals, cleaving parallel to the base; usually in tufts of capillary 
crystals, consisting of elongated, slender, six-sided prisms, llardncss »= 1 to 1*6. 
Specific gravity = 4*6 to 4*6. Lustre, adamantine, inclining to metallic. Colour, 
chorry-recl. Streak, brownish-red. Feebly translucent. Sectile. Thin leaves sliglitly 
flexible. Contains 74*15 — 75*66 antimony, 6 29— 4*27 oxygen, and 20*49 sulphur 
(H. Rose, Fogg. Ann, iii. 453), answering to the formula Sb'^OS’ or Sb*0*.2Sb=8’. 
Reforo the blow-pipe on charcoal, it fuses readily, and is at last entirely volatilised. In 
nitric acid it becomes covered with a white coating. 

This mineral, which results from the alteration of native sulphide of antimony, occurs 
in veins in quartz, accompanying grey and white antimony, at Malaekza near Posing 
in Hungary, at Braunsdoflf near Freiberg in Saxony, and at Allemont in Daupliimi. 
(Dana, ii. 141.) 

XBROZiZTB. See Cerolite (i. 836). 

BBTOXTBS. See Acetones (i. 31). 

BLR at A. The bark of the Cail-cedra {Khaya senegalensis or Smetenia senegaJ- 
en sis), nsod in Senegal as a remedy against fever, contains a bitter principle,cail- 
cedri n, together with green fab red and yellow colouring matter, gum, starch, a waxy 
substance, woody fibre, sulphate and^phosphato of calcium, ^nd chloride of potassium. 
Cail-cedrin, which may be extracted from the concen^ted aqueous extract of the 
bark by chloroform, is a resinous mass containing 64*9 «or cent, carbon, 7'6 hydrogen, 
and 27*6 oxygen. (Caventou, J. Pharm. [3] xvi. 366f^Lxxiii. 123.) 

BZBBBXiORBAMril or Axotomous Iron ore. A Variety of titaniferous iron, oc- 
curring sometimes in crystals, but usually massive, or in thin plates or lamin®. R *, R 
mm 86® 19'. Hardness =** 6 to 6*5, Specific gravity *= 4*661 (Mohs); 4*723 to 4*735. 
(Breithaupt.) 

JLZri*BRZ]«B. See Mbbrschaum. 

RZB8BRZTB. A name applied by Reichardt (Arch. Pharm. [2], ciii. 346) to 
a sulphate of magnesium, occurring in the shaft of the Stassfurth salt-mine near 
Magdeburg, and containing, according to his analysis, 21*66 per cent. MgO, 43*05 
SO*, and 34*66 water ( 99*27), aCTeeing approximately with the formula 

2MgS0*.3H*0. — Siewert (Zeitschr. f. d. ges. Naturw. xvii. 49) found in a much 
harder opaque specimen (mean) 28*66 MgO, 68*94 SO*, and 13*47 H®0), together with 
ftom 0 26 to 0*66 of matter insoluble in nitric acid), answering to the formula 
2MgSO*.lI*0. Similar results were obtained by B. Leopold {ibid. p. 61), who also 
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fonnd that the lalt contained’ from 0*d to 1*2 per cent of an insoluble borate (see 
Sui^PHATBs) ; also previously by Bammelsberg {Mineralchemie^ p. 264). 

Geocronite from Kilbricken, Clai*e County, Ireland, (See 

OsOCBONITl, il 831.) 

jUObULS* The Cornish miners* name for clay-slate. 

TP T V. M M* ! W . A mineral haring the appeainnce of spoduraene, found at Kil- 
liney Bay, near Dublin. According to Mallet, it affords by cleavage a prism of 136®, 
wliich is very nearly the angle between the diagonal and prismatic cleavages of spo- 
duraene, both of which are perfect Hardness — 4. Specific gravity » 2‘68. Lustre, 
vitreous, weak. Colour, greenish-grey, brownish, or yellowish. It has been anjilysed 
by Lehunt, Blythe, Mallet, and Galbraith (Dana, ii. 170; Rammelsberg’s 
Mineralchanir, p, 837.) 
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Aeconling to Rararaelsberg, this mineral, and likewise pinite, gieseckite, gigan- 
iberite, and liebenerite, which are of somewhat similar constitution, are not 
(l. fuiite com})ounds, but products of decomposition intermediate between an original 
uiiner;il and mica, which often adheres to and partly penetrates their mass. 

KXXrxc ACXB. Syn. with Quinic Aero. 

XXXrO. This name is applied to four different drugs, bearing considerablo resem- 
Maiiec to catechu, and consisting of dry brown lumps or grains, having a mon^ or less 
a^ringent taste. Their aqueous extracts form green precipitates with ferric salts. 
The four varieties of kino are African kino, also called Gummi (/anihirme, or 
(r. Gantftia, from the Pterocarpu s erwacem {Lnm.); Asiatic kino, from P/mx'arpu* 
yfnr(fu)mim\ New Holland kino, from Eucalyptus resinifera (white); and American 
ki:io, from Coccolnha uviferaiJL.). 

According to Vauquelin, African kino consists of 75 pts. tannin and peculiar ex- 
tractive matter, 24 pts. r<*d gum, and 1 pt, fibrin. 

Kino is used in medicine as an astringent like catechu. (Ilandw. d. Chem. iv. 352.) 

KIKOXTB. Syn. with Quinonr. 

KlNOVOVa ACXB. (?). An acid obtained, together with several 

otluT products, from the needles of Pinus sylvcstris, (For the mode of nreparation, see 
I’lN'r-uKsiNS. ) It is a white or slightly yellow brittle inasH, converted by triturution 
into a strongly electric powder. The silver-salt contains 74*1 per cent, oxide of silver 
agreeing nearly with the fonnula 6Ag‘O.C*Hi**Ob (Kawalier, Wien. Akad. Ber, 
xi.3l7.) 

XZXrZZOXTB. A name applied by H. Fischer to the mixture of red garnet, raica^ 
and a trielinic felspar (oHgoclase), which occurs in veins in primitive gneiss rocks, 
r. r/, Ht Wittichen in the Kinzigthal, Scharzwald, at Auerbach in the Bergstnisse, and 
other localities, and is regarded by him as an original formation. (Jahrb. M 14 ., 1800, 
p. 790; 1861, p. 641.) 

Xnt. A fossil rosin, found, with others, on the island of Tschelekiin, in the Caspian 
and in other neighbouring localities. 

XXBWAXrZTB. A hydrated silicate of aluminium, calcium, aad iron, occurring in 
basalt on the Moume Mountain on the north-east coast of Ireland, in opa^jue, olive- 
green radiating fibres, having a specific gravity =* 2*941 and hardness »■ 2. According 
to an analysis by R. D. Thomson, it contains 40*6 per cent, silica, 23*91 ferrous oxide, 
19 78 lime, 11-41 alumina, and 4*35 water (-99*96), whence Rammelsberg deduce# 
the formula; 2[3(Ca0.Fe0).2Si0*'].Al*0’.2Si0b2ID0 ; it is possible, however, that jiart 
of the iron may 1^ in the state of ferric oxide. 

The mineral blackens and fuses partially before the blow-pipe, and forms a brown 
glass with soda or borax. 

*>*ABmOT*JBr. Syn. with Laztjlitb. 

^moOBASB. Sjn. with Abichitb. 

A mineral of unknown locality, closely related in composition to 
olivin, but differing from it considerably in its properties. Accorfing to Dobereiner# 
Analysis (Sehw. J. 49), it contains about Z2 & per cent, silica, 32 0 ferrous oxide, 
Apd 36*0 manganous oxioe, agreeing nearly with the fonnula (Mn"; F6')*SiO*, or 
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2(MnO ; FoO).SiO*.— It is massire, with an uneven and cellidar snr&ee^ and quU« 
hard. Specific gravity, 3*714. Brittle, with imperfectly conchoi^l fracture. Colour, 
white to greyish-green, or brown-red and brown. Lustre glistening. 


]g0jBSXiXiXTS« A mineral found in the cobalt mine of Hvena in Sweden. It 
consists, according to Setterberg’s analysis {Berzeliua Jahresber. xx. 216), of 17*86 
sulphur, 9*24 antimony, 27 05 bismuth, 40*12 lead, 2*96 iron, 0*80 copper, and 1-45 
matrix ( 99*48), numbers which may be approximately represented by the formula; 

^ [ Sb* 1 ^ [ bT* I ^‘ ] » (Bb**^!)«Bi*)S»®, the lead being partly replaced by iron 

and copper. It resembles grey antimony, but has a brighter lustre and radiated struc- 
ture. Specific gravity, 6*29—6*32. Soft ; of blackish lead-grey to steel-grey colour, 
with black streak. Dissolves in strong hydrochloric acid, with evolution of sulphydric 
acid. (Dana, ii. 82; Rammelsberg, Mineralchemie^i^. 106.) 

XOSMrItOXTB. Syn. with Brochantitk (i. 664). 

XOmraZTB. A fossil resin resembling scheererite, found in brown coal at 
Uznach, at Redwitz in Bavaria, and in the Fichtelgebirge. It contains, acconling to 
SchrotteFs analysis (Pogg. Ann. lix. 37), 92*43 per cent. C, and 7*71 H, jigreeing 
with the formula wCII. It occurs in soft white crystalline folia and grains, of specific 
gravity 0‘88 ; melts al 1 14° (Kraus, Pogg. Ann. xliii. 141), at 107*5° (Tromm sdo r f f, 
Ann. Ch. Pharm. xxi. 126). Very slightly soluble in cold alcohol, more so in hot 
alcohol, still more in ether. 


BOBBZiZWZTB. A fossil resin from the brown coal of Fassa, in the Egor Valley. 
It occurs in thin plates, consisting of an aggregate of crystalline scales, prrleetly 
soluble in alcohol and ether, also in strong sulphuric acid; partly soluble in ammonia 
and in oil of turpentine. (Konngott, Miner alogische IJntersuchungen, ii. 111.) 

2LOXTTZOZTB. Native arsenate of zinc, Zn"(AfO*)*.8H*’0, or Zn0AJ8*0^8I^^0, 
containing also nickel and cobtUt, with a trace of lime. 

A**^0» ZnO CoO NiO H*0 

37*17 30-62 6*91 2*00 23*40 » 100 

according to Naumann, and isomorphous with cobalt-bloom. Massive or in crusts, with 
crystalline surface and fibrous structiiro. Cleavage perfect in one direction. Specific 
gravity ^ 3*1. Hardness = 2*5 — 3. Lustre of fracture-surface, silky. Colour, light 
ciirmino-red and peach-blossom red, of dififerent shades. Streak, reddish-white. 
Translucent to subtransparont. (Kottig. J. pr. Chera. xlviii. 183; Naumann, ibid. 
256.— Dana, ii. 418.) 

XOXCBCBA,ROWZTB. A crystalline mineral occurring with ultramarine, and 
sometimes intergrown witli it. It exhibits two very distinct directions of cleavjige, 
inclined at an angle of 124°. Hardness = 5 to 5-6. It is sometimes colourless, with 
a strong lustre, sometimes brown and less lustrous. When lieated, it becomes darker 
in colour, and easily melts to a white semitransparent glass (Nordenskiold 
Jahresber. 1857, p. 681). — A specimen from the SludUnka valley, near Lake Baikal, 
was found by R. Hermann (.Jahresber. 1862, p. 726) to contain 46*99 per oent^ silica, 
18*20 alumina, 2*40 ferrous oxide, 12*78 lime, 16*46 magnesia, 1*06 potash, 1*53 soda, 
and 0*60 matter lost by ignition ( = 99*01). Specific gravity =» 2*97. 


KOBXTB. See Palaoonitb. 

BIOVMZSS. A vinous liquid, which the Tartars make by fermenting mare*8 milk. 
A somewhat similar beverage is prepared in Orkney and^hetland. 

XOVPBOBZTB. Syn. with Prehnitb. f 

XBABZ.ZTZI. Syn. with Baulite (i. 620). ^ 

XBAUZBRZC ACZB< An acid said by Peschfai (J. Pharm. vi. 34; x. 348) to 
exist in rhatany root {Krameria triandra). It is crystalline, has a sour and astringent 
taste, and is not volatile. Its alkaline salts are crystallisable, and their solutions 
form a white precipitate with lead-salts, yellow with feme sfilts. The barium-salt is 
said not to be decomposed by sulphuric acid or soluble sulphates. 

Other chemists who have looked for this acid in rhatany root have not been able to 
find it 

XBAHTBZTB. A variety of retinite from the lignite of LatUrf, near Bemburg. 
(See Rktinitb). 

BimAVBZTB. Syn. with DuFRENnu. 

X&BZTTOBrZTB. Syn. with Spinel. 

aCBBMBBSZTS* Ruby-coloured octahedral chloride of j^tassium, from Vesnvin*. 
Contains 65*16 per cent chlorine, 16*89 iron, 12*07 potassium, 0*16 sodiam, 
ammonia and water. (Kremers, Pogg. Ann. Ixxxiv. 79.) 
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mUQIIprtmnni. Broehantitc^ ftom Kruuyig in Iceland. 
UUMKoin. Syn. with Cnocoism (ii 109.) 
MVnMnmL Syn. with Tyboutb. 
M’tAMMfntMM, Syn. with Ctaicsthini (ii. 188). 
MTAMWrwanL Syn. with Cyansthiicb (ii. 189). 



1310 23* • <»P<x> : 2P« =» 159® 16'. CltMirage perfect parallel to the smoother lateral 
plane; imperfect parallel to the base. Twins, of two luncb, with &ce of composition 
ccP<x>\ and planes ootoo , meeting at an angle; in one kind the planes oP are coin* 
cident’in the other they form a re-entering angle. Also coarse-bladed, columnar ; 
alHo fibrous. Hardness = 6 to 7-26. Specific mvity - 3-659 ; of white kyanite 
3-675; of blue transimrent kyanite from the Tyrol, 3*661 (Erdmann). Lustre 
vitreous to pearly. Colour generally pale blue, often deeper along the middle of the 
prisms ; sometimes white or blue, with white margins ; also grey, green, and black. 
Streak uncoloured. Translucent and sometimes transparent. The crystals may often 
bo easily scratched on the lateral surface, while they are very hard at the ex- 

Kyanite remains unaltered when simply heated before the blowpipe; melts to a 
transparent, colourless gloss with borax, and gives a deep blue colour with cobalt- 

J’ure kyanite would contain 37*5 per cent, silica, and 62-6 alumina. The following 
analyses show that it does not deviate much from this composition; 


Arfvedson. 


Smith and 
Brudh. 


Marignac. Enimann. 


Smith and 
Brudh. 


Silica 

Alumina . 
KoiTic oxide 
('upric oxide 
Water 
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Kyanite occurs principally in gneiss and mica-slate. Transparent crystals are found 
at St. (iotininl, in Switzerland ; at (Ireiner and Pfitseh, in the Tyrol : also in Styria, 
t^irinthia and lloheinia; at Pontivy, in hrance; and at Villa Rica, in South America. 
It occurs also in many localities in the United States : the specimens analysed by 
Siuitli and Rrush were from Monro County, New York. 

Ramlite (i. 499), from Bainle, in Norway, and xenolite (y. v.), have nearly the same 
eotnjumition as kyanite. Woerthite, from near St. Pidersburg, containing 40 6 per 
cent. S;0*, 58-50 Al*0*, 1*00 MgO and 4'G3 water, and Thornhons hydrobucholzite 
(probably from Sardinia), which contains 41'35 SiO*, 49 5.> A1'0\ 4’M5 water and 3-12 
j.Muii, are probably hydrous kyanitos. Kyanite has also been ob.ierved altered to talc 
aa-l wteatite. (Dana, ii. 266.) 


ILTAKOXi. Syn. with PHBNTLAinNY. 

XTMJiTlJr. Syn. with Hornblbndx. 

KYJLWUmtmrB or CTAVKSmrB. (C*’H’*)'"N*.— A compound polymeric 
with cyanide of phenvl (benzonitrileh C'H‘N, obtained by heating pulverised cyanato 
of potassium with chloride of benzoyl ; 

8C»HK)C1 + 3CNKO - C*‘H'*N» + 3Ka + 3C0*. 

It is a hard neutral substance, exhibiting a crystalline fracture ; melts at 224®, and 
distils without alteration at or a little above 360®; is soluble in water, slightly soluble 
in alcohol and ether. When heated with caustic potash, it decomposes, with copious 
evolution of ammonia. Sulphuric acid dissolves it, forming an arid whose barium-salt 
is soluble in water. Strong hydrochloric acid does not dissolve it, even at the filing 
I'cat. Nitric acid of oidinary strength is also without action nf)on it; but fuming 
nitric arid dissolves it, with great rise of temperature, but without evolution of gM ; 
and by evaporating the solution or mixing it with water, 

cyaphenine is precipitated in the form of a nitro-compound, C^li (NU ) N , WDicn 
‘•rystalliaes in needles. 


„ Syn. with Hobhblbxdb. 

III. ^ GO 
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XTinnmrXC AOZB. (Liebig, Ann. Cb. Pbann. Iuxtl 126; crin. 864.>- 
An acid sometimes deposited from the urine of dogs. From the iithi#of a dog which 
had been fed on fat alone, or on fat mixed with a small portion of meat, Liebig obtained 
it by evaporating, adding hydrochloric acid and leaving the liquid to stand for some 
time ; the urine of dogs fed exclusively on lean meat yielded only traces, deposit 
dissolves in lime-water, and on dilating the solution with water, and adding hydro- 
chloric acid, kynurenic acid is deposited in very slender, colourless needles; m)m con- 
centrated solutions, as a powder. 

Kynurenic acid reddens litmus ; when heated in a glass tube, it melts to a brown 
liquid, which then sublimes completely, forrning a white silky crystalline sublimate, 
and leaving a trace of charcoal. The precipitated acid Is insoluble in alcohol and in 
ether ; the sublimed acid dissolves in alcohol. It dissolves easily in boiling hydro- 
chloric acid (whereby it is distinguished from uric acid), and in dilute sulphuric and 
nitric acids (in the latter without perceptible alteration, even on boiling). Cold con- 
centrated sulphuric acid dissolves it without alteration ; but on heating the solution, it 
turns brown, and, on addition of water, deposits a lemon-yellow, amorphous precipi- 
tate, often mixed with crystals ot* the unaltered aoid. 

Kynurenic acid is a very weak acid. It dissolves easily in caustic alkalis, and, with 
aid of heat, in alkaline carbonates, lime-water and baryta-water, neutralising the bases 
and forming crystallisablo salts. The harium^salt forms plumose groups of nacreous 
needles; the o^cium-aalt^ stellate groups of short hard needles. Both salts are spar- 
ingly soluble in water. 

The acid is precipitated fVom the solution of the barium-salt by carbonic acid. It 
gave by analysis 61 6 to 61-9 per cent, carbon, 4*7 to 4*4 hydrogen, and 8*7 to 9- 1 
nitrogen. When heated alone or with lime, it yields a volatile oil, having the odour 
of benzo nitrile. 

ICTPBOljZTlI. Syn. with Serpentine. 

KYROSZTB. White iron pyrites from the mine Briccius, near Annabcig, 


L. 


XiABBAinTM or XtABAMlXM. A resin which exudes in drops from the leaves 
end briinches of the Cistus critmis and C, vyprieus^ shrubs gmwing in Greece and 
Turkey. It is generally black, solid, tenacious, and somewhat moist ; softens between 
the fingers, and exhales an odour like that of ambergris. A sample analysed by 
Guibourt {IlUtoire d(s Drogues, iii. GOl) contained 86 per cent, resin and volatile oil, 
7 wax, 1 aqueous extract, and 6 earthy matter and hairs. Commercial labdanum is 
ollen largely adulterated with black sand. According to Johnston, labdanum*rt»sin 
contains 73*2 per cent, carbon and 10*0 hydrogen ; a composition which may be approxi- 
mately represented by the formula (calc. 76*5 C, 9*4 H, and 15*1 O). 

Labdanum in sticks is prepared in Portugal, Spain, and the South of France, by 
boiling the leaves and branches of Cistus ladanifvTus, 

ZhABRABOBZTB. Labrador Felspar. Anhydrous Scolecite. Mauilite. Sdi- 
cite, Scoltxerose. — A mineral species belonging to the felspar group, and represented 

(Si*)»«' I 

by the formula M’*O.AlH)*.3SiO*, or (Ai*)’‘ I O'®, whereJVI denotes calcium and sodium, 

I ^ 

and occasionally also magnesium and poUissium. ^ 

Labradorite occurs in triclinic crystals, in which : ooPoo »■ 86® 32'; oP : ot>',P 
*= 114® 48'; ootoo : ooF^ =* 119® 16'. It forms twins like those of albite (ii. 621). 
Cleavjige perfect panUlel to oP ; distinct parallel to oef oo , in which direction also the 
faces are usual I v striated ; indistinct {parallel to <x>F. Also massive, with distinct 
cleavage. Hardness =» 6. Specific gravity « 2*67 to 2*76. Lustre of oP pearly, 
passing into vitreous; elsewhere vitreous or subresinoua Colour usually grey, of 
various shades ; also greenish, reddish, or yellowish. Some varieties, especially that 
fVom Labrador, exhibit a beautiful plsy of coloui’s when viewed in certain directions : 
tJiis effect is best seen in cut and polished spocimena Streak uncoloured. Fracture 
glistening. Translucent in a low degree. Less easily frangible than common 
felspar. 

Before the blowpipe on charcoal it fuses, with less difSculty than orthoclase, to a 
colourless glasa With oxide of nickel and lK)rax it forms a blue bead. When pul- 
verised, it is entirely dissolved by hydrochloric acid, which does not attack either 
orthoclase or albite. 


I4BUKS1C ACro--^0. m 

jtsAlysM : From Campste in Scotland, whero it ooeurs in porphjritie graanitoiia 

fLebu nti Ed. Fr^Fhil. J. 1832, p. 86).- Frmn Etna, 'where it occurs ae a oonatituent 
of lava (▼. Waltershausen, PtUcanuke Gesteine^ 1863, p. 24). e. From Fa^ 
(Forchhammer, J, pr. Chem. xxx, 386). d. From Labrador (v, Waltershauton 
loe, ctf.). From E^rsund, in Norway ; violet-grey with brilliant play of coloun 
(Kersten, Pogg. Ann. Ixiii. 123). /. From the hyperethene-rock of Neurode, in 
Silesia; Uuish-grey (v. Bath, Po^. Ann. xcv. 638). ff. From the gabbro of the same 
loeahty ; bluish-white (r. Rath, ibid.), h. From the melaphyre between Botxen and 
CoUman, in the Tyrol; light greyish green. (Del esse, J. pr. Chem. xliii. 447 ; xlv. 
219), t. From the trachydolerite of Guadaloupe (Devi lie, UaniDuitherg' 8 Mineral^ 
chemiCt p. 608). k. Scoltxcrcte^ from Pargas, Finland (Nordenskiold, &hw. J. xxxi. 
417). t. i^iciU, fipom Antrim, Ireland, (Thomson, Phil Mag. 1848, p. 417.) 
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FeaO 
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1-07 - 99 88 
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28*4 
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0*6 -100-2 

If the number of molecules of lime bo supposed 

tf> bo three times 

a.s great as that( 


the Bcxla, the above formula, which then becomes |o.Al*()M}Si( )‘', ^ivcs h.’i l per 


cent. SiO*, 30-1 Al*()*, 12*8 CaO, and 4*6 NaH). 

Labradorite is more subject to alteration than other fel.spnrs; perhaps becMiihc it 
(Vintaiu.s both potash and soda. Partial decomposition is shown, either l>y tim dimi- 
nislifd (quantity of these bases, or by the consequently increnstsl proportion of silica. 
Tlic })f?«t examples of unaltered labradorite in the prec(Hling table are perhaps f,/, //, 
h, and i ; k and /, if the analyses are corrt'ct, afford decided indications of docomp«»si- 
tivjii. For numerous analyses of labnulorite, and of felspars allied to it, see JituunnLi- 
Mhicralchemu^ pp. 697 — 603. 

I.;«bradorite is a constituent of some lavas, ns those of Etna and Vesuvius ; of nntny 
p)rphyrie8, as the oriental verd antique of Greece; of dolerit^); of certain hombltMide- 
r'.cks. granites, and syenites ; of some rwrphyritic gre(‘nstones, as at Campsio in Scot- 
land : of melaphyres, as in the Tyrol. On the coast of Ljibnidor, whence it was 
originally brouglit^ it is associated with hornblende, liyjx‘rsthene, and magnetic iron 
ore. (Dana, ii. 238.) 

AABimWZO ACZB. A n acid said to be contained, together with cytisine (it 31 1) 
and two neutral bitter principles, in the seeds, bark, and other parts of CytUm 
lAihumunu (T. Scott Gray, Arch. Pharra. [3] xlii. 160.) 

ZAO is a substance well known in Europe under the different apjmllatlons of stick- 
lac, shell-lac, and seed-lac. The first is the lac in its natural stat^, encrusting small 
bninches or twigs. Seed-lac is the stick- lac scpanited from the twigs, appearing in a 
granulated form, and probably deprived of part of its colouring matter by boiling. 
‘'^hcU-lac is the substance which has undergone a simple purification, as mentioum 
Ih'Iow. Beside these we sometimes meet with a fourth, called lump-lac, which is the 
seeddac melted and formed into cakes. 

Lac is the product of the Coama lacca^ which dej^its its eggs on Uie branches of a 
tr«e called Bihar, in Assam, and other parts of India. It apjwars designed to answer 
the {mrpose of defending the eggs from injury, and affording food for the maggot in a 
»nore advanced state. It is formed into cells, finished with as much art and regularity 
M a honeycomb, but differently arranged ; and the inhabitants wjllcHrt it twice a year, 
in the months of February and August. For purification, it is broken into small pieces, 
w»d put into a canvas bag of about four feet long, and not above six inches in circom* 
ference. fwo of these bags are in constant use, ejtch of them being held by two men. 
The bag is pla^ over a fire, and frequently turnixl, till the lac is liquid enough to 
through its pores; then taken off the fire, twisti^ in diffenmt directions, and at 
same time dntg^ al^ the convex part of a plantain tree prcjwred for this pur- 
and while is being done, the other bag is being heated, to be afterwards 
o o 2 
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treated in the same way. The mucilaginous and smooth surfece of the plantain tree 
prevents it ftom adhering; and the degree of pressure regulates the thickness of the 
coating of lac, at the same time that the fineness of the bag detennines its clearness 

and transparency. . ^ ^ i. , 

Stick-lac contains in 100 parts, resin 68, colouring extract 10, wax fi, gluten 6*5, 
extraneous substances 6-6 ; seed-lac contains resin 88*5, colouring extract 2 6, wax 4*5, 
gluten 2^ shell-lac contains fesin 90*9, colouring extract 0 6, wax 4, nitrogenous matter 
2*8. (Hatchett.) 

In India, lac is fashioned into rinus, beads, and other tnnkets ; sealing-wax, var- 
nishes, and lakes for painters, are made fipom it ; it is much used as a red ^e, and the 
resinous part, melted and mixed with about thrice its W^ht of ftnely-i^wdered sand, 
forms polishing stones. Lapidaries mix powder of corund™ with it in a similar manner. 

The colouring matter is soluble in water; but 1 pt. of Dorax to 6 of lac renders the 
whole soluble by digestion in water, nearly at a boiling heat. This solution is equal, 
for many purposes, to spirit varnish, and is an excellent vehicle for water-colours, as, 
when once dried, water has no effect upon it. Aqueous po^h, s^a, and carbonate of 
soda, likewise ^ssolve it ; so does nitnc acid, if digested with it in sufficient quantity 
for 48 hours. . 

The colouring matter of lac loses much of its beauty by keeping ; but when freshly 
extracted, and precipitated as a lake, it is less liable to injury. Mr. Stephens, a sur- 
geon in Bengal, sent home a large quantity precipitated in this way with alum ; it 
afforded a good scarlet to cloth previously yellowed with quercitron. 

Lac is the basis of the best sealing-wax. A good composition for red sealing-wax is 
48 pts. of shellac, 12 oil of turpentine, 1 Peru balsam, and 36 vermillion. U. 

XiAC-BYS. A product obtained from lac, and used for producing a red dye, espe- 
cially on wool. To obtain it, stick-lac freed from remains of stalks is pulveriseil and 
exhausted with warm water; and the colouring matter left on evaporating the solution 
IS made into square cakes, and sent into the market as lac- dye. The residue yields 
seed- lac {Lac in grants), which is worked up into shell-lac. The proximate consti- 
tution of lac-dye is not exactly known ; it contains, however, a considerable quantity 
of resin, and a red colouring matter, derived from the insects {Coccus /acc«), which may 
be partly extracted by water, more completely by acids, especially sulphuric or hydro- 
chloric acid. The following processes are adopted for rendering the dye fit for use : 

1. A mixture of 4 pts. lac with strong sulphuric acid is allowed to stand for 24 hours 
in summer and 48 in winter ; then diluted and stirred with 3^ pts. of water, and again 
left to clarify. The clear liquid is poured into an iron pot, and mixed with the wash- 
water of the previous residue; the solution is mixed with a quantity of lime sufficient 
to neutmlise J of the sulphuric acid, and the precipitate of gypsum is removed: the liquid 
is then ready for use. This is the mode of preparation chiefly adopted in this country. 

2. Thirty-two pts. of lac-dye are triturated with 10 to 12 pts. of sulphide acid of 
spcciflc gravity 1-86, or hydrochloric acid of specific gravity 1T3, each dilu^ with 
three times its weight of water. The mixture is left to itself for 48 hours in winter, or 
24 in summer, and then mixed with the requisite quantity of river-water. 

' 3. Thirty-two pts. of lac-dye are triturated with 12 pts. of hydrocliloric acid of 

specific gravity 1*148, diluted with an equal weight of water; the mixture is left for 
24 hours and frequently stirred, and then diluted with water. 

To dye wnth the colour thus prepared, each pound is mixed wdth three-quarters of a 
pint of so-called lac-spirit, a solution of stannous chloride prepared by dissolving one 
wund of tin in 20 pounds of fuming hydrochloric acid, the mixture being left to itself 
for six hours before use. (Handw. d. Chem. iv, 748.# See also Ur^s Dictionary of 
Arts, 4'c, i' C*H» Iq 

BAOTAlSaTBAira. EthyUUtctamide, . (Wurt*, 

H* }N 

Ann. Ch. Phys. [3] lix. 175.) — ^This compound is formed when diethylichictate is treated 
with aqueous ammonia, and the mixture is left to s.buid for one or two days ; or when 
an alcoholic solution of the ether is saturated with ammonia and heated in a ripse 
vessel. The former process is, according to Wurts, to be preferred. After expelling 
the excess of ammonia and water by evaporation in the water-bath, the lactamethaM 
remains as a liquid, which solidifies on cooling to a beautiful crystalline mass, foim^ 
of broad, brilliant plates, slightly greasy to th^e touch. These crystals are 
water, alcohol, and ether ; they melt at 62'^ or 63® to a colourless liquid, and bou » 
219® under a barometric pressure of 761 mm., distilling without alteration. 

The formation of lactamethane may be represented by the equation 

C*H» )o 

+ NIP - (C^H^O)": -t C*H«0. 

C*H* ■ }0 H> }N 5, 

Diethyllc lacUKe. I jartamethana. Ateobol* 


mi 
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By ebullition with potash, it is decomposed into ammonia and ethyMaotate of potasaium : 
}0 }o 

((m*oyy + KHO « (c*H«or: + nh». 

' H> }N K }0 

L«ctumethau«. Ethjrl'lacUte of ^ « 

poCAMium. Q. 0. F. 

UaOTJLBKXO JkOZn, Syn. with Alanini (i. 63). It is also produced by the 
action of very strong solution of ammonia on chloropropionate of ethyl at 100^. 
(Kolbe, Ann. Ch. Pharm. sxiii. 220.) 

H* W 

Lactamate of ammonium (so called), Formed by 

H<N }0 

the action of ammonia-^as on lactic anhydride (Bilactic acid, p. 461) (Pe louse); 
or by saturating a solution of lactic anhydride in absolute alcohol with diy ammonia, 
and evaporating the solution. Tubular crystals, xqxy easily soluble in water and 
alcohol. On adding dichloride of platinum to the solution, fVt»^ by boiling from excess 
of ammonia, only part of the nitrogen is precipitated as chloroplatinate of ammonium ; 
but after boiling tne filtrate for an hour, it gives a further precipitate with dichlorido 
of platinum — a proof that part only of the nitrogen exists in the form of ammonium* 
salt. (Laurent, Compt. cnim. 1846, p. 151.) G. 0. F. 


XKaLOTAMZBB. C>H^NO* 


tumic acid (i. 63), C*H^NO* 


H }0 
= (C"H*oy'; . 
H« }n 

H’ }n 

(C'H'oy'i .)— ( 
H Jo 


(Isomeric with alanine or lac- 


Obtained — 1. By the action of am- 


monia gas on lactide (Pelouzo ; W urtz and Friedel, Ann. Ch. Phys. [3] Ixiii. 108). 
— 2. By tin? action of an alcoholic solution of ammonia on lactide (Wurtz and Frio- 
(lel, l(>c. cit.). — 3. By s^itunitlng monethylic lactate with ammonia and leaving the 
liquid to stand. (Briining, Ann. Ch. J*harm. civ. 107.) 

It forms small prisLis, w'hich dissolve easily in water and alcohol^ but do not com- 
bine cither with acids or bases. It is docomjwsed, by boiling with alkalis or acids, 
into ammonia and lactic acid. 

H*0 ) 

The above formula represents lactamide as derived from the double molecule > 

by tlu? substitution of the radicle C*IPO for H*. The substances described under, the 
luinns lactamethane (p.452), and lactethylamide {vid. iff,), are ethylised deri- 
vatives of lactamide ; the former by tlu' substitution of C'^H* for the hydrogen-atom of 
the water-residue contained in lactamide, the latter by the substitution of C*H* for one 
of the liydixjgen atoms of the ammonia-residue. These relations are expressed in the 
rational formuhe by which lactamethane, hictcthylamide, and lactamide arc respectively ^ 
r«‘prt‘S4*nted at the places referred to. G. C. F. 

XtAOTBTHlrXiAllIZOB. C'‘1I"N0’ = (C*H*0)", . Isomeric with lactamo- 

thane (Wurtz and Friedel, Ann. Ch. Phys. [3] Ixiii. 110). Formed by the action 


of ethyiamine on lactide. When these two substances are brought together, theethyl- 
umine immediately begins to boil. If the operation is performed in a close vessel, and 
with anhydnms materials, the whole solidifies to a crystalline mass. This product, 
wlicii punfietl by one crystallisation from alcohol, melts at 48®, and may be cooled to 
■10^ without freezing; but as soon as crystallisation has commenced, the thermometer 
ri^f » to 46-6® lAictethylamide distils without alteration at 260®. Its formation is 
represented by the equation 

C*H«0* -I- C*H»N « C*H*'NO*. 

LactMe. BtbrUmine* LactethyUmide. 

Alkalis decompose it into ethyiamine and alkaline lactate. 

H In H lo 

(c*iPO)'^ + KHO - (mvoy: * c»h».h*k. 

Jn k Jo 

l-«cc<'thylainid«. LacUl* of poUailum. Klhylamlaj. 

Cr* O# Jr* 

*A0TIC Aon. Mikktaure, C'HH)* - (Om. xi. 472).-Thk 

fcid was discovered by Schcele in sour milk, and first recognised as a peculiar aetd 

Itt. n.. - . ... a • .t t. i: ^ at.. aa# wtiAA*. 


^ C»H».H*K. 

Klbjrlamlne: 

G. 0. F. 

(Om. zi 472).— This 
ised as a peculiar acid 


h Berzelius. Bramwinot found in the wash-liquor of the preparation of wheat- 
•^sreh, in the fermented |mce of mangold- woracl, and other fermenteaTegetaWe eatnets, 
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an acid which he designated nanceic acid, but which was afterwards shown to be ideuti- 
cal with the acid of sour milk. Berzelius demonstrated the presence of the same or an 
isomerio acid in the juice of the flesh of animals recently 'killed — ^ result which was 
confirmed by Liebig in his classical investigation of flesh-juice (see Sarcolactic Acro, 
p. 467). More recently, the chemical relations of lactic acid have been investigated by 
otrecker (Ann. Ch. Pharm. Ixxxi. 247; xci. 362), Wurtz (Ann. Ch. Phys. [3] lix. 
161), Wurtz and Friedel (ibid. Ixiii. 101), and Kolbe (Chem. Soc. Qu. J.xii. 15); 
and the lactates liave been chiefly studied byPelouze (Ann. Ch. Phys. [3] xiii. 257), 
and by Engelhardt and Maddrell (Ann. Ch. Pharm. Ixii. 83; Ixx. 241). 

Formation. — 1. By a peculiar fermentation, the laatic acid fermentation^ of various 
kinds of sugar, and of dextrin : this fermentation precedes the butyric acid fermenta- 
tion. ' As all the substances of the sugar tribe have the same proportional composition 
as lactic acii with a few atoms of water more or less, the transformation is easily 
explained: thus, with milk-sugar: 

+ 2H*0 = 4C*H''0« 

Milk'Sugar. Lactic acid. 

The lactic fermentation requires a temperature between 20° and 40° C., and the pre- 
sence of water and of certain ferments, riz., albuminoidal substances in a peculiar state 
of decomposition, such as ftisein, gluten, or animal membranes, particularly the coating 
of the stomach of the calf (rennet), or dog, and bladder. 

2. Tritylglycol, in presence of platinum-black, is converted into la^Jtic acid by the 
oxygen of the air (Wurtz) : 

+ 0* - C»IPO> + H^O 

Tritylglycol. lactic acid. 

3. Ohloropropionic acid yields chloride of silver and lactic acid, when it is heated 
with water and oxide of silver. (Wurtz, Ann. Ch. Phys, [3] lix. 165): 

C»IPClAgO* + H*0 - C»IPO' + AgCl 

Cliloropropinnate of Lactic acid, 

iilver. 

Similarly, bromopropionic acid yields lactic acid and bromide of silver, when treated 
with oxide of silver in presence of water (Friedel and Machuca, Ann. Ch. Pharm. 
cxx. 280). lodopropionic acid (formed by the action of iodide of phosphorus on 
glyceric acid) appears to yield a peculiar modification of lactic acid when treated us 
above. (Bcilstein, ibid. p. 234.) 

4. By the action of nitrou.s acid upon alanine; as when the vapours evolved from a 
mixture of starch and nitric acid, after being passed through a cold vessel which stoj/s 
any undecompo.scd nitric acid, are conducted into aqueous alanine ; the action is 
attended with copious evolution of nitrogen: 

c’lPNO" + No^ii * enpo* + n*o + N* 

Nitrous jwid. Lactic acid. 

5. Pvruvic (pyroraccniic) acid, treated in aqueou.s solution with sodium- amalgam 
(Wi8li cenus, Ann. Ch. Pharm. exxvi. 227), or with zinc in presence of dilute acetic 
acid (Bobus, Chem. Soc. J. xvi. 260^ converted into a salt of lactic acid: 

C>IPO* + H« = C’lPO’ 

Pyruvic acid. Lactic acid. 

0. Wlien hydroxycyanidc of ethylene, ^ | (obtained from liydroxychlo- 

rido of ethylene by double dccoinjiosition with cyanide of potassium), is l)oilcd wi ll 
atiueoiis alkalis, it is resolved into ammonia and (sa^o-) lactic acid. (Wisliceiiu.s 
Ann. Ch. Pharm. cxxviii. 6) : 

C»lPNO + 2IPO - C»H«0> + H’N 

Hydroxycyaiiide I.actic acid. 

of clhyioue. 

Ethyloxycyanido of cthylidenc, | (obtained by digesting ethyloxychlo- 

rido of ethylulene [ii. 600] with cyanide of potassium in a sealed tube), yields orrlinary 
lactic acid, and a small quantity of ethyl-lactic acid, when similarly treated. (Wisli- 
cenus, op. cit. p. 14.) 

7. Oxychloride of carbon combines directly with ethylene, forming chloride of lactyl ; 

,COCP enV = C’H'OCP, 

whence lactic acid can be obtained by well-known processes. (Li ppm an n, Ann. Ch. 
Pharm. cxxix. 81 ; Ann. Ch. Ph 3 rs. [4] i. 485.) 

Pr^aration^ — a. From varions kinds of Sugar. — 1. An aqueons solution of 100 pta. 
of grape-sugar (cane- or milk-sugar), exhibiting the density of 8° to 10° Bm., is mixed 
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wJtb 8 or 10 pts. of ft^sh sour cheese, ns purchased in the market, or 106 pts. of sujpir 
are dissolTod in 100 to 150 pts. of milk, and such a quantity of water that the liquid 
exhibits a density of 10® Bm. ; and either of these mixtures is placiKl, tog;cther with 50 
pts. of chalk, in an-open vessel, and ex^cd to the sun for several weeks, witlifn-quent 
B^tation, tiu the resulting lactate of calcium begins to change into butyrate (Po louse 
and Gel is). As lactate of calcium is niucli less soluble than butyrate, the conversion of 
the former into the latter may be recognised, when strong solntions of sugar art^ used, 
by the diminution of the crystalline mass piwluced at first. If the process be kx# soon 
interrupt^, a large quantity of sugar remains unaltered. 

2. Six pounds of cane-sugar and half nn ounce of tartaric acid (which serves to 
convert the cane-sugar into glucose) are dissolved in 26 j>ounds of boiling water; 
3 pounds of levigated chalk added after two days, together with 4 ounces of stinking 
hand-cheese, suspended in 8 pounds of sour milk (decaying ch«*est< favours the produc- 
tion of lactic acid and retards its convei*sion into butyric acid) ; the mixture set aside 
at a tempemture between 30® and 36®, and well stirrcnl every day till, in th<' ermrse of 
six or eight days, it is converted into a stiff paste of lactate of caleium ; this paste i.s boiletl 
for an hour with half an ounce of quicklime and 20 pounds of water; the solution 
strained through a cloth filter and evap<irated to a syrup ; the erystallino mass which 
forms in four aays, preiiised, first by itself, then three or four times, after having been 
each time stirrea up, with ^ pt. of cold wafer; ami thelaetafe of ealeinm thus purified 
is dissolved in twice its weight of lioiling water. To the solut ion of every 32 pts. of 
the calcium-salt there is then added a mixture of 7 pts. oil of vitriol and 7 pts. w'ater ; 
tlie lactic acid, while still hot, is strained llmnigh linen to separate it from snli>hate (.f 
lime; the filtrate obtained from 7 pts. of oil of vitriol is boiled with pts. carbonate of 
xinc for a quarter of an hour (by longer boiling a very sparingly soluble basic salt is 
formed) ; the liquid is filtered boiling hot; the colourless crystalline grains of lactate of 
zinc which separate on cooling, arc freed from sulphuric aciil by w'oshiiig w ith cold water ; 
and additional quantities of crystalline grains are obtained by evaporating the mother- 
liquor, almost to the end. Lastly, 1 pt. of the zinc-salt is dissolvcsl in 7| pts. of boil- 
ing water; sulphuretted hydrogen passed through the solution as long as sulphide of 
zinc is precipitated; and the filtrate boiled and evaporakxl on the wnl<'r-bath to a 
syrup, w'hereupon 8 pts. of the zinc- salt yield 5 pts. of syrupy laetir* acid (Hen sell, 
Ann. Ch. Tharm. Ixi. 174). By this proce.ss, 100 pts. of cane-sugar yield 117 pts. of 
lactate of ealeium, which, if the sugar was white, is colourless, and do(‘s not require to 
Ix' purified by j)re.Msurc. If the carbonate of zinc contains lime and njjignesia, tliese 
bases pass over to the lactic acid, w'liich, after being evaporatfd to a syrup, must bo 
dissolved in etlior, and sofmratCil from the lactates of cahuum and magnesium V»y filtra- 
tion and evajxjration. The calcium-salt may, however, witliout first pn'panng tho 
zinc-salt from it, be frec'd by repeated crystallisation from a nitrogenous substance 
which obstinately adheres to it ; its solution in the smallest possible quantity of watc'r, 
mixed W'ith a quantity of pun* sulphuric JU’id not quite sufficient to decompose it ; the 
mixture heated with alcohol till the sidphate of calcium is completely separated ; tho 
filtrate evaporated to a syrup; the synip dissolved in ether; and tho ethereal solution 
filtered and evaporated. (Engelluirdt and Maddrell.) 

Lantern aim (Ann. Ch. I’harrn. cxiii. 212) recommends the following modification 
of Ilensch’s process of preparation ! — Retainingthe proportions of sugar, tartaric acid, 
niilk, and cheese indicated by the latter, he takes one-third more water, uses l,2f(0 
gnus, oxide of zinc (commercial zine-w'hite) instead of levigated clialk, and k<’epM the 
ternfH*ratur© as constantly as possible Ix'tween 40® and 45® during the f< rnM*ntation. 
After eight or ten days, the inside of the vessel is lined with white crystals of laetat*- of 
zinc, which can be obtained pure l>y one or two crystallisations from Ixiilitig water. 
The lactic acid prepared from the zinc-salt generHlly c^mtains mannite, whieh does not 
''ompletely crj'stallise out from the concentrated acid. To separate this, the aqueouM 
.vid is shaken up with ether, and then the ethe real layer is pipetted of! and evaj)ornted;^ 
it then leaves pure lactic acid. ^ ..,11 

3. The solution of 300 grms. of milk-sngar in 4 litres of milk is placed in the open air 
»t «a temperature of 26® to 30®, and neutraliw-d with acid rarbonate of sfxliimi as oftvii 
HH it becomes sour, perhaps every two days ; boile<l when it no longer turns acid ; fil- 
tered from the curd ; carefully evaporatefl to a syrup ; and the syrup diss^dve.l in inmlc- 
ratoly warm alcohol of 38® Bm. By treating this filtered alcoholic solution of lactate 
f'f sodium with sulphuric acid to precipitate tho fKxlium, and saturating the 
laetic acid with chalk, crystallised lactate of calcium is obtaiDe<l, and may l>e purified 
by further treatment. (Boutron and Fremy, J. Pharm. xxvii. 341.) 

b. From milkwhkh has turned sour.— \. Schcele evai»oratcs sour whey to |; filtew 
th« liquid from the curd; precipitates the pbosplioric add from it with lime; filtew; 
<^>lutes with 3 pts. water ; precipitates the lime by careful addition of oxalic acid ; 
filters ; evaporates to the consistence of honey ; extracts the lactic add with alcohol ; 
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•) dilutes mth water, and eyaparates Berzelius digests the acid th»« i» • 
with carbonate d lead jitters ;prefpitates the dhsolred lead with sulpbvd^ 

mra.BudeyHpo«ites.-2Adlter^foI«twao/eourw],^^^ 

oees, in strong aleobol, is mixed with aleohoUo t^tanc aad ^ long as an/ precipitaig 
of tartrate of potaasiam, sodium, and calcmm is formed; the liquid decanted after a 
hours, and evaporated ; the residue dissolved in water; the solution digested with car- 
bonate of lead, till lead dissolves in it; the dltraU evaporated, neutralised with carbo- 
nate of barium, again Altered, and diluted with water; the whole of the barium 
precipitated with sulphate of zinc ^ and the tiltrate evaporated till lactate of zinc 
crystallises out (Berzelius, Lehrb. Ansg. 5, v. 241. For the earlier methods of 
Berzelius, see Pogg. Ann. xix. 2G). W. Engelhardt (Zeitschr. Chem. Pharm. 1861, 
p. 643) gives the following process for the preparation of lactate of zinc, from which he 
then obtains lactic acid by decomposing the hot solution of the zinc-salt with sulphydric 
acid, filtering and evaporating. Sour whey, to which ^ of its weight of powdered 
milk-sugar has been added, is exposed to the proper temperature for the lactous fer- 
mentation, and every one or two days the free acid is neutralised with crushed carbonate 
of sodium taken from a previously weighed quantity. When at last the acid reaction 
- does not reappear after two or three days, the liquid is heated to boiling, and sulphuric 
acid is added, drop by drop, so as to produce a distinct acid reaction. A quantity of 
sulphate of zinc equal in weight to the carbonate of sodium used is then dissolved in 
twice its own weight of water, and mixed with the other boiling liquid ; the cheesy 
portions which immediately separate at the surface are removed by filtration through 
flannel-bag and the clear liquid is set aside to crystallise. After a day or two, the 
crystalline deposit of lactate of zinc may be removed and washed with cold water. 
The quantity remaining in the mother-liquor is insignificant. (For Cap and 0. Henry’s 
process, see J. Phann. xxv. 138 ; also Ann. Ch. Pharm. xxx. 106.) 

Properties. — Lactic acid is a colourless liquid of syrupy consistence, and specific 
gravity 1*2 Id at 20*5'^ C. It is inodorous, but has an intensely sour taste. It absori)S 
moisture from the air; dissolves in all propwtions in water and alcohol, somewhat less 
freely in ether. It does not solidify at — 24° C. 

Decompositions. -- 1. Dm; distillation. The acid, when very gradually heated, becomes 
less viscid ; gives off at 130°, slowly and without evolution of gas, colourless water, toge- 
ther with H small quantity of lactic acid, and leaves a pale yellow, solid, easily fusilile, 
extremely bitter residue of lactic anki/dride (dilaotic acid), C'*H'®0* — 2C*H*0*-- H'O. 
This residue remains unaltered up to 250°, but from 250° to 300°, at which tempera- 
ture the decomposition is complete, gives off carbonic oxide gas, mixed at first with 
4 or 6, and at last with 50 per cent, of its volume of carbonic anhydride (altogetluT a 
quantity of gas amounting to 33T per cent, of the lactic anhydride), and yields a 
distillato amounting to 90 per cent, of the anhydride, and consisting of hict/dr, 

(p. 461), which crystallises out on cooling and likewise 
sublimes, of lactone (p 464), with small quantities of acetone, and an odoriferous oil 
insoluble in water, whilst a quantity of difficultly combustible charcoal remains, 
amounting to 6*9 per cent, of the anhydride (Pelouze). The anhydride, which 
remains undeeomposed after heating to 240°, gives off, when kept for some time 
betwe(*n 250° and 260°, carbonic oxide mixed with 3 or 4 per cent, ot its bulk of 
carbonic anhydride (without any carburettod hydrogen); yields a yellowish distillate, 
which deposits crystals of lactido, and contains, in addition to the lactide (amounting 
to 14 9 per cent, of the anhydride), nothing but ordinary lactic acid, citraconic aei»l, 
aldehyde (amounting to 12-2 per cent, of the anhydride), but neither acetone nor 
lactone ; and leaves 1 or 2 per cent, of shining, easily combustible charcoal. The 
aldehyde and the citraconic acid (?J are perhaps merely products of decomjxi.si- 
tion of the lactide, *= 2C*H^O + 2CO. The denary lactic acid is formed frL>m 

a portion of the anhydride by addition of the water soM^o by the conversion of the re- 
mainder into lactide. If the anhydride be distilled at 300° instead of 260°, less lactic 
acid and lactide are obtained, and more aldehyde (Engelhardt). Ijactic acid, when 
heat4Ml, gives off pungentva^urs which excite couching, and yields a brown empyreumatic 
oil, together with an acid liquid, the acid of which is neither lactic nor acetic acid, but 
forms a viscid uncrystalHsable salt with oxide of zinc (Bra con not, Ann. Ch. Phys. 1.375). 

It yields a watery distillate continually becoming more acid, the first portion of which, 
however, assumes a syrupy consistence when evaporated in vacuo, and if then gently 
heated in contact with the air, deposits crystals of lactide ; it afterwards yields an oil 
and then a buttery mass, which solidifies in the neck of the retort, and when exiiai^ed 
with cold ether, leaves scales and ultimately rhombic laminse. Lastly, there remains a 
shining^ tumefied charcoal. The acid which remains after partial distillation likewise 
contains a certain quantity of lactide ; and on boiling this acid with ether and cooling 
the liquid, the lactide crystallises out (Corriol). By continued heating to between 
180° and 200% the acid is much more quickly convert^ into the anhydride, and yields 
a much more copious distillate of the unaltered acid, than between 130° and M0°; 
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and if * platinum wire be immersed in the lionM, the lactic acid may be distilled orer 
quite uttered, and with re^lar ebullition (Engel hardt). If the lactic acid con* 
tains a small quantity of smphurie acid, it yields only carbonic oxide gas, no carbonic 
anhydride (Pelouze^ If it contains the smallest quantity of impurity, albumen for 
example, it does not yield any sublimate of luctide (Gay-Lussac and Pelouse). 
Lactic acid, heated slowly in contact with the air, boils gently, emitting a sufibcating 
odour, swells up, blackens, and leaves a spongy charcoal. (Berzelius.) 

2. Lactic acid (or ferrous lactate), mixed with a sixfold quantity of oil of vitriol, 
and gently heated, froths up briskly, acquires a dark-brown colour ; gives off about 4 
of its weight of pure carbonic oxide gas ; and at a higher temperature, yields about } of 
its weight of a humus-like substance. (P e 1 o u z e.) 

3. Boiling nitric acid converts lactic into oxalic acid. (Jules Gay-Lussao and 
Pelouze.) 

4. Lactic acid and its salts, distilled with small quantities of commm fait, peroxidf 
of manganese, sulfuric acid, and water, yield chiertv aldehyde; witli larger quantities, 
principally chloral. (Stadeler, Ann. Ch. Phami. Ixix. 332.) 

6. With aqueous alkaline hi/pochlorit< s, or chlorous acid, lactic acid is converted, first 
into oxalic acid, then^ with effervescence, into carbonic anhydride. (Cap and Uenryt.) 

6. When treated with peroxide of barium or of Uad, it is converted cliiefly into oxalic 
acid. (Cap and Henry.) 

7. Distilled with dilute sulphuric acid peroxide of may^gancse or peroxide of lead, 

it yields a large quantity of ahlehyde, tog<‘ther with carbonic anhydride. (Liebig.) 

8. LvcUite of calcium distilled with pentachloride of phosphorus, yields chloride of 
lactyl (C^H*0)".CP : 

+ PCI* =. C'lI'OCl* + PC1*0 + IPO. 

Ugdriodic acid, or a mixture of di-iodido of phosphorus with a small quantify of 
water, k*duces lactic acid to propionic acid: 

C»1I«0> 4- 2H* - C»n«0» + IPO. 

Lactic acid. Propionic 

acid. 

(Lautemann, Ann. Ch. Pharm. cxiii. 217.) 

10. The action otfunihig sulphuric acid upon lactic acid or lactate of cahuum pro- 
(luiTs di*sulphometholic acid. (8 1 rocker, Ann. Ch. Phann. cxviii. 291. ) 

Saroolaotio or Paralaotio Acid. In 1806, Berzel i us discovered an iu>id in 
niuHfular flesh which he believed to bo identical witli tlie lactic acid pnqmred from 
milk. In 1847, Liebig (Ann. Ch. Pharm. Ixii. 278 and 326) showed that this acid, 
lla.ugh similar to the acid of sour milk in composition and in many other respects, 
n«*v«Tthele88 exhibited distinct diffrreiices from it in some of its .salts. He therefore 
<li.stinguishcd it by the name Sarcolactic acid {Fleisrhmilchsaure), in place of 
which Piiralactic acid was pro|»osed by Hointz (Pogg. Ann. Ixxv. 391). In 1868, it 
was found by Strecker (Ann. Ch. Pharm. cv. 313) that, by heating parahieticaeiil for a 
long time to 130° or 140° and dissolving the resulting lactic anhydride in water, this 
aci<l may bo transformed into ordinary lactic acid. 

Pirparation . — Choppt'd flesh is exhaust<‘d with cold w'atcr or dilute alnilml ; the in- 
fu.‘<ion is mixed with nary ta- water ; the albumin is c<Kigulat.cd by lioiling. and removed 
by filtration ; and the clear liquid is concentrated by evafioration •Sulphuric acid iz 
AuldtHl to the syrupy residue, and it is shaken w’ith ether, whieh then leaves paralac- 
tic acid when evajxiratod. 

The difference between sarcolactic and ordinary lactic ai'ids is most distinctly marked 
iu tlieir calcium- and zinc-salts (see below, Lactate of calcium and Lactate of 
zinc): the acids themselves are hardly to be distinguished. 

Thebolaotlo meld. This is another mo<lification of lactic a<*i»l found, by T. and 
H. Smith, of Edinburgh, in the mother-liquors of the preparation of moiqdiine. 8oine 
of its salts are said to differ in certain respects from ordinary hictic acid (wfo Turho- i 
i^Acnic Ann). 

XAOtates. The best known salts of lactic acid are of the form C*H*MO’ : there 
»re also acid salts containing C*H‘MO*.C*JPO’, and double salts, C^1I*M0*.C*H*M'0*. 
The existence of these acid and double salts led Gerhardt and other chemists fo 
double the formula of lactic acid, making it C^IP'CP, and regarding the neutral salts as 
CHEAPO*, and the add salts as But the relations between lactic and pro- 

p’onic acids have induced chemists in general to return to the lower formula of lactic 
^i<l, and to regard the acid lactates as constituted like the acid acetate of potassium 
( '• 17 ). Moreover, Wurtz’s discoveiy of the diethylic lactate would render it mJCeSsary 
topegufj the acid with the higher formula as tetrabasic, for which there is no warrant. 

The crystallinu lactates do not efflori‘SCC on exposure to the air, but give off water 
in oacuo, and the whole of it at 100®, excepting the acid nickel s.dt which retains it till 
b/*at<xl to 130°. They sustain a heat of 150° to 170° without decomposition; th© 
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zinc-salt may be heated even to 200®. They are for the most part sparingly soluble in 
cold water, and effloresce rapidly from their solutions : they all insoluble in ether. 

LAf/TATB OF Ammonium.— O btained by neutralising the acid with ammonia. Forms 
prismatic crystals which deliquesce and give off ammonia when exceed to the air. 

Lactate of Antimony. — Oxide of antimony dissolves in lactic acid or in acid 
lactate of potassium, but does not form a crystalline salt. 

Lactate of Barium. — The neutral salt is uncrystallisable and very soluble in 
water. The acid salt, Ba"(C*H*0*)* 2C*H*0*, is obtained by adding to a solution of the 
neutral salt a quantity of lactic acid equal to that which it already contains. It is 
then deposited in crystals which may be purified by washing with alcohol. It is not 
altered by exposure to the air or in vacvc. It dissolves easily in water. Gives off an 
aromatic odour at 100®. 

Lactate of Bismuth.— Only two basic salts are known : a. 2Bi'"(C’H*0*)*.Bi‘0*. 
This salt is obtained in needles by treating hydrate or carbonate of bismuth with 
lactic acid, and evaporating. A better mode of preparing it is to mix the concentrated 
solutions of nitrate of bismuth and lacUiteof sodium — the latter in slight excess, whereby 
a crystalline pulp is precipitated consisting of lactate of bismuth mixed with nitre. 
Oh redissolving this in a small qiuintity of water, and leaving the solution at rest, the 
lactate of bismuth is deposited in crystalline crusts. 

j8. Bi'"(C*lP0*)*.2Bi‘^0*. — By proceeding in the manner just described, but with 
boiling solutions, or by adding nitrate of bismuth drop by drop to a solution of lacUile 
of so<lium, the salt /3 is precipitated as a powder unalterable in boiling water. It 
appears also to be produced bv the solution of a. 

Lacfate of Cadmium, Cd\C*H“0*)*. — Obtained in small needles by di.^.solving 
carbonate of cadmium in the acid. When deposited from a boiling solution, it is 
anhydrous. Insoluble in alcohol. 

liACftATES OP Calcium. — The neutral acetate, Ca"(C'‘IP0’)*.4l[*0 and Ca'’(C'’IP0^)^ 
is obtained by saturating a boiling solution of lactic acid with carbonate of 
calcium, and evaporating the filtered liquid. It is also produced abundantly when a 
solution of sugar mixed with cheese and carbonate of calcium is left to it.self for some 
weeks at a temperature of 20® to 30® C. According to Corriol, the same salt is de- 
posited from an infusion of nux vomica which has fermented for a few days. It is de- 
posited from an aqueous or alcoholic solution in small, very white, rnammellatcd crysbds. 
It dissolves in all proportions in water and in alcohol at the boiling heat, but cold 
water dissolves only traces of it. 

The characters of this salt differ somewhat according as it has been prepared with 
lactic acid a extracted from muscular fiesh (sarcolactic acid), or from lactic acid 3, 
produced by the fermentation of sugar. 

The salt of the acid o, deposited from an aqueous solution, contains 2 at. water ; that 
of the acid 3 cry.stallised in the same way contains .0 jit. Ca"(C^lPO’)*,5H*0. The 
•x lactate o retains its water of crystallisation at 100® longer than the salt 3. Lastly, tho 
salt a requires 12*4 pts. of water to dissolve it ; whereas tho salt /8 dissolves in V o pt.‘<. 
Pure lactate of calcium, dried at 100®, and containitig Ca"(C*H*0*)*, loses water at 
*280°, and is converted into dicalcic dilactate, (Lilactic acid, p. 

(Wurtz and Friedel.) 

Acid lactate of calcium, Ca"(C*n‘0*)^2C*Il"0*.3H*0, obtained by mixing a solution 
of tho neutral lactate with as much lactic acitl as it already contains, forms crystalline 
masses resembling wavellite. It dissolves in absolute alcohol, gives oflP its water of 
crystallisation at 80®, and rapidly turns brown at a higher temperature. 

iMCtatc of calcium and potassium. — ObUiined by incompletely precipibiting a solu- 
tit)n of lactate of calcium wdth carbonate of potassiun#» It forms hard crystals soluble 
in water. 

jMctaie tmth chloride of calcium, Ca'’(C’H'‘0*)*.Ca"Sn6lI’0. — Obtained in prisms by 
mixing the solutions of the two salts, and concentrathig the liquid considerably. 

Lactate of Chromium is an unciystallisable salt. 

Lactate of Cohalt, Co"(C*H*0*)*.6H*0. — Peach-blossom -coloured needles, nearly 
insoluble in cold water, moderately soluble in boiling water, insoluble in alcohol, lb*} 
solution has a slight acid reaction. 

liACTATK OF Coi’PKR, Ca''(C*H*0*)*.3lI*0 and 2H’0, is obbiined by precipitating 
sulphate of copper with lactate of barium, or by boiling carbonate of w)pper with lactic 
acid. By tho latter method a basic salt is also product, from which the product must 
be purified by recrystallisation or by addition of lactic acid. 

Lactate of copper a (sarcolactate) crj’stallises in sky-blue nodules containing 3 at. 
water, which it does not give up at 100® till after a considerable time ; whereas forms 
larger crystals, of a green or very dark blue colour, and containing 2 at. water, which 
they give off* by simple desiccation over sulphuric acid. The salt « exposed to a 
gradually increasing heat does not exhibit any change below 210® ; but at that tem* 
p<Mrature it takes fire and burns, leaving a residue of metallic copper, fi heated in like 
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manner decomnoeee at 140^, leavinfj^ a residue of cuprous oxide. Lastly, a dissolves 
in 1*96 pt* coW water, in 1*24 pt, boiling water, and in a small proportion of alcohol ; 
whereas /9 requires for solution 6 pts. of cold water, 22 pts. boiling water, 116 pts. cold 
alcohol, and 26 pts. boiling alcohol. . 

Lactatbs of Ibon. — Ferrous inctate^ Fe"(C*H‘0*)*.3H*0, may be prepared by 
decomposing the calcium-salt with ferrous sulphate, or by mixing lactate of ammonium 
with ferrous chloride in presence of alcohol ; also by boiling dilute lactic acid with iron- 
filings. It forms small crystals haring a slight greenish tint; their solution oxidises 
but slowly on exposure to the air. This salt is sometimes used medicinally in the 
treatment of chlorosis. 

Ferric lactate is a brown amorphous mass, deliquescent, and very soluble in water. 
Lactate of Lead. —By treating carbonate of lead with boiling lactic acid, a neutral 
liijuid is obtiiined, which when evaporated deposits a mass of small pellicles, and 

acquires an acid reaction. 

Lactate of Magnesium, Mg"(C*II^0*)*.4H*0 and 3H*0. — Obtained by dissolving 
magnesia in lactic acid. Crystallises in prisms ponnauent in the air, soluble in water, 
insoluble in alcohol. The salt a (snrcolactate) contains 4 at, water: the salt /9 con- 
tains 3 at. The salt o is also much more soluble in water and alcohol than 

Lactate of Manganese, Mn"(C*HH)»)^3H*0.— l^rge, brilliant, amethyst-colourt^ 
crystals, moderately soluble in cold water, very soluble in hot water; soluble also in 

liAcrrATEs OF Mercury. — Mercurous lactate, (]Ig'-')’(C*llH)*)’.21l’0. Rose-coloured 
or crimson crystals, obtained by mixing the boiling solutions of lactate of sixlium and 

in* reiirous nitrate. tr 

Mercuric lactate.— T \\q neutral salt is not known. A basic salt, Jig (CMl*0*)Mlg O, 
is obtained by boiling mercuric oxide with dilute bu*tic acid till the liquid is saturaled. 
The solution yields by evaporation a yellow salt, insoluble in water, and a colourless 
salt which is very soluble. The lattor, which has the composition aliovc given, 
cryMnllises in shining prisms which elBoresce rapidly in the air, and are very sparingly 
siduble in alcohol. , , , . , j 

Lactate of Nickel, Ni"(C*H»0*)^3H«0. -Apple-green noixlles, very soluble in cold 
watrr, more soluble i^’ hot water, insoluble in alcohol. The solution has a slight acid 
reaction. According to Kngelhardt, the salt a gives off the whole of its water at IbO^’, 
i.iit ^ th*es not part with the third atom before 130°. 

Lactate of Potassium.— Very soluble, and crystallises with difficulfy. 
l.ACTATK OF 81 LVKR. AgC>U‘OMP().— Obtuiiusi by boiling carbonatti of silver 
xitli lactic acid. It forms silky nccKllos grouptMl in nodules, neutral to test-pajwr, 
l'h».-k‘ ning quickly by exposure to light, very soluble in warm alcohol, nearly insoliuilo 
in cohi alcohol. The luiuoous solution, when boib*<l f«>r some time, acjuireH a fine 
l»!nc c(»lour, and deposits brown flakes. It may be heato<l ttj 80° without decom|K>Hing, 
l.ut bhwkens and gives offgas ut 100 °. The air-dried .salt contaiiiH 2 at. water, which 
it y:iv< H off in vacuo. 

J^AUTATES OF SoDiUM. — Monosodic lactate, NaC*lP()’. An iimorphouH, dcliquoMcent 
mass, very s<duble in water and absolute alcohol ; ether precipitates it fnaii its alcoholic 
sedation. Dried at 140°, it possesses the above compisition. (W i s 1 i ce n us.) 

HmHlic lactate.— Moi\o»oA\c, lactate heated to 130° is acte*! on by s^slinm, hydrogen 
being liberated and a sodium-salt formed, which, together with unalh-re*! mon(»sixlic 
lactate, contains disodic lactate. The pr.xluct thus obtaine< is a bright y. l ow, very 
har .1 and brittle mass. It deliquo.sces quickly in the air. W hen covretl wit h water, 
it it. <leo.,mpot.o.l, with vory porccptihl., .Iovcl.t|....-..l >.f m.I- '“'ft* 

and hydrate of sodium. The deliquesced salt ul.sorbs carbonic anhydride from the 
air; so that when it has been long exp>H(Ml, absolute alcohol diss-dvcs out monosodio 
lactate, leaving a residue of carbonate- of s*>dium. Disodic lactate app.*ars to dmim VO 
without alteration in perfectly anhydrous alcohol. With nxlide of methyb 
i'Hlide of 8 (xliura and methyl-lactate of wslium. (W i si ice nus, Ann. th. I liarm. 
exxv 40 ) 

Lactat* of .STBownttM, Sr"(C*n>0*)’,3nn).-N.t«t™l nnd yrry Holul.l... 

I.ACTATK OF Ti«. StannoKslacMe. Hn\i i'llH)*) .S„' O. - fh.. Im.io 
by mixing an acid solution of stannous chloride with lactito of s<sliurii. -.,i„i,ia 

crystalline pr>wder, insoluble in cold water, very soluble in hy<lrf>chloric acid , soluble 
also in acetic acid after prolonged ebullition. , . , i ^ 

Stannic chloride mixed with lactate of swiiiim doon not yield crystals, or a precipi- 
tate oven after concentration to a syrup. . , 1 * • I 

UCTATE OF UBANTUM.-Uranic lactate, (irO’y(C«IPO»)** obtained in yellow 
crystalline crusts by evaporating a solution of uranic oxide in Isctic aciG. 

UcT*™ OF Zii.c>.ii"(C>H‘0')'.3U»0 »nd 2HfO. -Prepaml l,y lK..linK carlwnat* of 
rinc with lactic acid. The siilt o (sarcolaHate) is deposited, as the solution cools, m 
^cry dilute needles, irregularly grouped ; on touching the vessel, these groups separate. 
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ind the whole of the liquid solidifieei^ a pulp. The salt fi forms sometimes shining 
crusts, sometimes large needles irregularly grouped. 

The salt o contains 1 at., the salt /3 § at. water, which it ^ves off quickly at 100® ; 
whereas a requires heating for several nours to ^ dehydrate it completely, fi may be 
heated without alteration to 210°, whereas o begins to give off empyreumatic vapours 
between 100° and 160°. 

The two salts also differ greatly in solubility, a dissolves in 2*88 pts. of boiling and 
d‘7 pts. of cold water ; in 2*23 pts. of cold alcohol, and in about the same quantity 
with boiling heat. The salt /8 requires for solution 6 pts. of boiling water, 6-8 pts. of 
cold water, and is nearly insoluble in alcohol. 

According to Li ebig, the neutral salt prepared with lactic acid from sourcrout splits 
up, when its solution is mixed with alcohol, into a basic and an acid salt. Engelhard t 
did not observe this decomposition of the zinc-salt prepared with lactic acid obtained 
by the fermentation of sugar. 


Derivatives of Lactic acid. 


C*H‘0 Iq 

Acetolaotlo acid. ■■ (C*H^O)" . (Wislicenus, Ann. Ch. Phnrm. 

H }0 

exxv. 60.) — Obtained from acetolactate of ethyl {vid. inf.) by heating it with water to 
150° for two or three hours. It is a thick, syrupy liquid ; very easily soluble in water; 
and has an agreeable, purely acid taste, without any irritating after-taste. It is not 
volatile without decomposition, but is carried over to a considerable extent by water- 
vapour ; even then, however, it is partially decomposed into acetic and lactic acids. 
Under all circumstances, indeed, both the acid and its salts readily undergo decompo- 
sition into these two acids. 


Acetolactate of barium, Ba"(C*H'0*)*.4H*0. — Acetolactic acid dissolves carbo- 
nate of barium, with evolution of carbonic anhydride. The solution is warmed for a 
very short time with excess of the carbonate, in order to complete the neutralisation 
(longer heating would cause decomposition into lactate and carbonate); then filtered, 
and evaporated to a syrup on the water-bath. This syrup beconu's a tough ma.ss on 
cooling, and dries up over sulphuric acid in vacuo to a brittle and pulverisable sub- 
stance resembling gum. It then still retains 4 molecules of wabr, two of which are 
given off at 100°, the remainder only at 140°. Acetolactate of barium is very soluble in 
water, and dis.solves also in absolute alcohol, b'ther produces in the alcoholic solution 
a llocculent precipitate, which soon unites into a tough, sticky mass. 

Acetolactate of copper . — Obtained a.s a blue-green, amorphous, gummy mass, by 
decomposing the barium-salt with sulphate of copper, and evaporating. It dissolves 
easily in water and alcohol, and becomes moist when exposed to the air. 

Acetolactate of einc, Zn''(C*H’0^)*, — A cold solution of acetolactate of b.vrium is 
decomposed with an exactly equivalent quantity of sulphate of zinc, and the liquid is 
evaporated over sulphuric acid without the aid of heat. The gummy mass thus 
obtained contains imbedded crystals of lactate and acetate of zinc. To separate the.se, 
the acetolactate of zinc i.s dissolved out by a small quantity of absolute alcohol. By 
evaporating the solution in vacuo, the salt is left as a gummy mass, which, when 
thoroughly dried over sulphuric acid, is not decomposed at 110°. Its solutions, l)oth 
aqueous and alcoholic, become quickly acid, owing to the extraordinary ease with which 
the salt decomposes into acetate and lactate of zinc, and ^etic and lactic acids. 


C^H»0 iQ. 

Acetolactate of ethyl, =» (C*H^O)” ^ F ormed by the action of chloride 

of acetyl on monethylic lactate (p. 463). This reaction, which was first mentioned by 
Perkin (Zeitschr. Chem. Pharm. 1861, p. 166), has been further investigated by 
Wislicenus (Joe. eit. p. 68). 

Acetolactate of ethyl is a colourless, mobile liquid, of an agreeable, aromatic smell, 
recalling that of Calville-applee. It is neutral, and insoluble in water, but is gradu«Uly 
decommsed by it into idcohol and acetolactic acid (see above). It dissolves in alcohol 
and ether in all proportions, and is precipitated by water from its alcoholic solutions. 
Boiling point 177°, under 733 mm. pressure. Specific gravity, 10458 at 17°, water at 
the same temperature being taken as unity; vapour-denmty, found 5*70, odculated 5*54. 

BeBBOlaotio Bold. C**H'*0^ (See vol. i. p. 561.) 

C*WO 

Bntjrolaotlo Bold. C’H**0* * (C’HK))": . (See voL i. p. 697. — To the de- 
ll 

scription there given of butyrolactate of ethyl, we add the following particulars.) 
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'Rmliiiff Doint. SOB®. Vapotusdenaity, found 6*78ir calculated 6*61. Heated with ei^io 
?S^ma sealed tulxTit is decomposed into alcohol, and lactate and butyrate of 
S^um. (Wurta, Ann, Ch. Phya. [3] lix. 177.-Thi8 mode of decomposition w 
since, were Kolbe’s view of the constitution of butyrolactic acid correct, it 
onSt to ^eld piopionate and butylactate (oxybutyrate) of potassium when docompos^ 
by^tash. (Compare Ann. Ch. Pnarm. cxiii. 234, 236, also vol. ii. p. 701 of this work.) 

a^id. Anhydrous lactic acid (Pelouze), Acids lacHdique (Laurent),. 

(C^H^O)-) , „ 

C*H**0* « (C*H<Oy' [ 0*. This substance remains as a pale-yellow, amorphous, 

easily fusible mass, when lactic acid is exposed for some time to a 
^tw«en 130^ and 200°. It is converted into lactic aend, slowly by ebullition with 
quickly by ‘bo “«<>“ “'1““” ‘^balis. By .hy distillation. ,t « wnvM^ 

into lactide^fp. 464). With gaseous ammonia it yields the compound C*H NjO , 
commonly called lactamate of ammonium, but more correctly dilactylaniate of ammonium 

^^'oTactate of calcium, C'H'Ca'O'.-Obtained by bonting l»ctato of calcium 
previously dried at 100®, to 280®. It is much less soluble in absolute alcohol than rnctate 
of calc am. (WurU and Friedcl.) , 

Ditactate of ethyl. Monethylicdibmtatc.,C-H'‘0»== n’ [O-. m fomod by 

the action of chloropropionate of « thyl on lactate of potassium : 

chtoropr„pion...of 

Tt ia a colourless, oily liqnid. of apcoific gravity 1134 atOO; boiling 
It is decomposed, wiicn heated with water “'‘•''b"' 

ncid (Wurtz and Friedel, Ann. (/h. Ihys. (.1] Ixin. 112.) a \ 

.MoNksor,PHODii,ACTic ACID. CTI'^O'S. (.Schachl. Ann. ( h. Plmrm. " 

This acid was obtained as the product of au operation conducted with a vuiw to the 
;r:;;r:.t: of snl^holactic acid%. .462). Inst. u.l of nentnd,-^ t e aqneo^ so n- 
lion of the crude product containing sulnholacta e of pola.ssiuni V* r ' 

hvdnx-hloric acid, it was neutralised with dilute Hulnhnric acid, ami a further quantity 
1 . . . . .1 .1 .. . 1 . 1 ..,! 


ICiaie OI ...... 

hvilD)chloric acid, it was ncutraiisca wnii lui.no snlpliunc acid, and a further quantity 
of snlnh uric acid was then added, sufficient todecom|s)se the sulidiolm'tate only. Mono- 

:,,i ;S"ic ^ at the surface of 'b" ’ 

and was obtained pure by solution in ether and evaporation m dir t « a>f-l>«^ 

Monosuinhodilactie aeid is soluble in water, alcohol, and ttliir. but does not (.rye 
tallise. It contains the elements of two molecules of suli.liolactic acid minue one mole- 
culeofeulphydricaeid: „ CTI'*0‘S. 

Bv oxidation with dilute nitric acid, it yields dilactylsulphurous acid. C*U'*.SO’ 
(DipropionechwifelMurc. Schacht). the barium-salt of which is a white amorphous 
jx)wder containing C*H*JWSOh 

Btliwl-laotio acid. See Lactic Etiikrs (p. 403). 

>iaeLuidpl»roiu -eld. Sulphopropionic C*II*SO>. -This acid ui by 

the actSli of fuming snlphnric acid on cyanide ‘'f a'by'j 7/’" Qu!j. 

process for preparing disidphetholic aeid ^ J- 4 -;« .w.itl fSchacht 1* 

}x. 251) ; also when sulphS^Uctic acid is oxidised with dilute nitric acid. (Seliacht. 

lactyl.ulphit, of Ammonium is oxisssliiigly soliil.le n. water, and uncrysUl- 
lisable. Absolute alcohol throws it down as a thick treacly nmss. 

LactyUulphiic of Barium, C'lPBa’SO.. crvstallises u'av be dri^ 
solution in «ne^silky crystals, arranged in spherical groups. It may be dried at 17,0 

without decomposition. 

lactie ind stUphunLi i^ds, and may be represented by the following rational 
formul*: (C.H<0)*l (C«H*0);') 

IP 

LuctyUulphuroM setd. DllArtylfuIpl.uroui acid. 

aEMbyMaette aoM. See Lactic Eth*iis (p. 464). . 

■veelM-laetia uddik ’fhe only known reprewntatives of these sutataiees ate 
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diethyliosuccinolactate, and dieth^b luccinodilactate, DietkvU^^ 

(C^H^O’r) ' ^ 

auccino lactate^ (C*H<0)'' [ 0*, is an oily liquid, insoluble in water, boib'nir at 280° 

and of specific gravity 1-119 at 0®, formed by the action of ohloropropionic ether on 
succinate of ethyl and potassium in presence of alcohol It is decompos^ when heated 
with baryta-water, into alcohol and succinate and lactate of barium. 

CWO* ) 


Diethylic succinodilactatr^ (CWO)’ 


is a liquid boiling between 250^ and 


270®, produced by the action of chloropropionate of ethyl upon succinate of potassium 
(Wurtz and Friedel.) 


Sulptaolaotio acid, C*H*0’3 = (Schaeht, Ann. Ch. Pharai. 

cxxix. 1.)— The potassium-salt of this acid is formed when an intimate mixture of 
chloropropionate of potassium and sulphydrate of potassium is heated for four or five 
hours to a little above 100®: 


C=»IPKC10* -H HKS = C»H»KO»S -h KCl 

Cliloro|iro|>tnnate Siilpliolactate 

of potassium. of potassium. 


To prepare the acid, the mixture of chloride, phosphate, and chloropropionate, 
obtained by neutralising with carbonate of sodium the crude product of the distillation 
of lactate of calcium with pontachloride of phosphorus, is mixed with sulphydrate of 
potassium (1 molecule of the latter for each molecule of lactate used), and the solution 
IS evaporated and the residue heated as above. The product of this operation is dis- 
solved in water, saturated with hydrochloric acid, warmed to expel sulphydric acid, 
largely diluted, made slightly alkaline with ammonia, and precipitated with acetate of 
lea(l. The lead-precipitate is thoroughly washed with and water, then decomposed 
with sulphydric acid, and the filtered liquid repeatedly evaporated to a syrup to 
remove the hydrochloric acid. The residue is dissolved in water and neutralised at 
the boiling heat with carbonate of barium, which causes a precipitate of phosphate* of 
barium, while sulpholactate of barium remains in the solution. From this solution 
the acid is again thrown down as lead-salt ; the precipitate is decomposed by sulphydric 
acid ; and the resulting solution of the free acid is concentrated by evaporation on the 
water-bath. 

Sulpholactic acid crystallises in broad needles, grouped together in bundles or 
brushes; it melts without decomposition below 100°, and solidifies in the crystalline 
form. It dissolves in water, alcohol, and ether, and may bo boiled in dilute solution 
without decomposing. Nitric acid, not in excess, oxidises it to lactylsulphurous 
acid, C*H“SO‘ {sulphopropion ic acid, B u e k t o n an d H o f m a u n ). ( vid. sup.) 

Sulpholactate o f Aar i«7«, C«lI'«Ba"0*S*.— Crystivlli8es in cauliflower-shaped 
masses ; dissolves easily in water, insoluble in alcohol ; it is not altered when dried 
at 100®. 


Sulpholactate of lead. — Amorphous, and becomes brown on keeping. 

Sulpholactate of potassium is obtained by double decomposition from 
sulpholactate of barium and sulphate of potassium. The solution evaporated in vacuo 
to a syrup deposits broad plates which are very deliquescent. 

Sulpholactate oj silver, C’lPi^O^S. — A white, amorphous precipitate obtaiued 
by adding nitrate of silver to a solution of sulpholactate of barium. It is soluble in 
nitric acid, and decomposes below 100®. ^ 

Trilaotio aold. The diethylic ether correspond^ to this acid is known. (See 
Lactic P:thebs.) H. W. and G. C. F. 

XiACTZC AIfBnr9AZ]>S. Dilactic acid (p. 46^1) was formerly called anhydrous 
lactic add, or lactic anhydride. The true lactic anhydride is Lactioe (p. 464). 

ZiACTZO STB1UR8. Owing to its peculiar constitution as a mono-basic diatomic 
add, lactic acid is capable of forming three different ethers containing the same mona- 
tomic alcohol-radicle. Thus there are three lactates of ethyl, wM^ may be represented 
by the following formul® : ^ 


^ }o 
H }o 

Lsctlc acid. 


0 

H }0 

EUi%’l lactic acid. 

H }0 

}0 

Mooethjrlic lactate. 


C*H* Iq 

(c>H*or{g 

C«H> 

Dicthyiic lactata 
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Of th6«e oQAtpottttdi it will be seen tluktlwo — namely, ethyl-lactic acid and monetlwlic 
lactate— a»e iaomeric, each being represented by the empirical formula 0*H**0*. The 
nature of the diflferencse between these bodies will become aptuirent from the ibllowing 
coiisiderationa:— Lactic acid contains one atom of hydrogen, which is readily replaceable 
bv its equivalent of an electro-positive metal by the ordinary processes of saline double 
dijom^tion, the result of this replacement being an ordinary metallic lacUte: 
similarh’ this atom of hydrogen can be replaced by its equivalent of an alcohol 
radicle by the ordinary processes of etheri6catiou, tlie result being a neutral ether^ 
which like compound others in general, can be decomposed into alcohol and tdkalme 
lactate by the action of alkalis. But lactic acid contains also anoUier atom of 
hvdroiren, which, by various proceRses, can be removed, together with an atom of 
oxvcen the two btnng replaced by Cl, II-N, or other similar residues, and is therefore 
sp^^fcn’of in the language of the theory of types a.s existing outside the radicle of the 
acid although it cannot be rt^placcd by metals or altHihol radicles in the same manner 
as the sali^ hydrogen- atom just referred to. The n placement of this 8t>cond atom of 
livdroHen can, however, be effected by other means than those usually employed for 
the production of normal salts or ethers ; and when this is done,, the resulting products 
differ essentially from those obtained by effecting a similar substitution in the pise of 
the saline atom of hydrogen. Thus, monethylic lactate results fW)m the substitution 
of the rt\dicle C*H* for the saline liydrogen-atom of lactic acid, and ethyl-lactic acid 
from the substitution of the same mdicle for the second of tlic two hydrogen-atoms 
existing outside the radicle of the acid. The degrtHj of diffenaice in the pronertios of 
those two compounds, resulting from the mode of (‘ombination of the alcediol- and 
aeiil-residues in each, will be seen by the 8p<‘cial description of thorn which 
follows. (See also Glycollic Etheus, ii. 914-916.) 

ZiactatM of etb jl. Monethymc Lactate. Lactic Ether. C^H‘®0*-»(CJIC0) 

(Slrccker, Ann. Ch. Pharin. xci. — Wurtzand Friedel, Ann. Ch. Phys. [3] 

Ixiii. 102.) Preparation .— One part of lactate of calcium and potassium (p. 4^)8) is 
ilistilled witli 1*4 pt. ethyl-sulphate of potassium; the thin, faint ly-smelling distillate, 
which mevses over between 160° and 180°, is saturated with 

tile syrupy solution i..< cooled. Crystals arc then obtained consist ing ot (.a(d.2((/ II < » ) ; 
and these by distillation yield tolerably pure lactic ether (Ht roc ker).— 2. hyruny 
lactic acid, heated to 170° with absolute alcohol, yields monethylic lactate very readily. 
(Wurtz and Eriodel.) 


(\V urtz and r riodci.; . , i ^ two 

Vroiurties. — A colourless liquid of specific gravity 10.)4« at 0 , and 1 04 2 at 13 . 
It has a faint smell, and boils at 166° under a barometric pn Hsure of 763 mm. Vapour- 
d. nsity found, 4T4 (Wurtz and Friedel); calculaUal, 4 07. Soluble in all pro[)ortions 

in water, alcohol, and ether. . i* .i 

lkco 7 np(witions. — \. Lactic ether 8(X)n becomes acid by contact with water, Xrova the 
formation of alcohol and lactic acid.s. Aikaliit, alkaline (arthn, and oxide ojsme dewm- 
isise it in the same manner as water.— 2. VidasHiiun dis.solves in 
evolution of hydrogen, and forms potassio-lactate of ethyl, - 

K I 

(C*IPO)"‘^^ isomeric witn ethyl-lactate of potassium {vid. infr.). This substance 

f<.rms a viscid mass : treated with iodide of i thyl, it yields iodide of potassium and 
elliylio lactate (p. 464).— 3. Lactic eUter, miicd with alcoholic ammmta, and evapo- 
rated, yielda cryetuht of lactamide (p. 453). > 

C*Ii* [o 

£tuyl-lactic ACID. VuUrolaitic acid, C*1I'*0* » (C"ll*0) (Wurta, Ann. 

Ch. Phy». [81 lix. 171.— Butlerow, Ann. Ch. Pharm. cxiv. 206 ; cxviil. 326; Bull. 
8oc. Chim. Paria, 1861, p. 9.) The poUiHsium- and calcium-mlta of thia acid arc obr 
laincl «a pwalucta of the dccompoaitioii of dicthylic lactate with potaah and milk of lime 
The Hcid la alao produced (together with iodide of methylene and acrylic acid) by the 
action of ethylaU^ of sodium on iodoform. - i t* 

Ethyl.lactle acid ia acolourleaa. aomewhat viamd liquid, of a " 

boila between 196® and 198®, nndergoinff partial dicompOBition at the name time. 
Water, alcohol, and ether diaaolve it in bII proporliona ; but on addition of cUoride M 
ralcium or eulphato of aedinm to the aqueoua aolnlion, it aeimrMtea «» “ p,,! . wi. 
cornea more vMcid, but doea not aolidify, in a mixture of aaft and anow Ethyb^io 
acid decompoees the carbonatca with efferreacencc. It cannot lie ""'j 
acid and al^d by the action of alkalia ; but when hcatetl with concentrated bydnodio 

acid, it yields lactic acid and iodide of ethyl. in th. 

The ethyl-lactatea are for the moat part very aoluble, and difficult to obUin m the 
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.crystalline form. The calcium-salt, C'*W*Cb:'0*, crystalliaee by slaw etftporation of its 
aqucoii«^j^n in colourless, prismatic crystals, united into stellate groups. Alcohol 
dissolves^liess readily than water, and deposits it in wart-shaped masses. The silver- 
salt, C*H*AgO*, crystallises from hot water in bunches of ne^es of a silky lustre : 
treated with iodide of ethyl, it yields diethylic lactate. The zinc-salt dries up to a 
gummy mass. 

C*H» lo 

Dirthtlic Lactate, EthyUlactate of ethyl . — e^H“0* (C*H<Or{ . (Wurta 

naH* '/O' 


Ann.Ch.Phys. |^3] lix. 169. — Wurte and Friedel, ibid, hriii. lOS.—Butleiow, Ann. 
Ch. Pharm. cxvuii. 328). lliis substance, which may be regarded as the ether of the 
acid last described, is produced: — 1. By the action of ethylate of sodium onchloropro- 
pionate of ethyl {ether clUorolactiqtie, Wurtz).— 2. By the action of iodide of etliyl on 
ethyl-lactate of silver. — 3. By the action of iodide of ethyl on potassio-lactato of 
et^i. 

Diethylic lactate is a transparent, mobile liquid, of an agreeable ethereal odour. It 
boils at 166*6® under a pressure of 767 mm. Its specific gravity at 0° is 0’9203; 
vaTOur-density, found, 5*062 (calculated, 6 056). 

It is insoluble in water, but soluble in alcohol and ether. By ebullition with alkalis, 
it is transformed into alcohol and an ethyl-lactate {vid. supr .) ; treatment with am- 
monia converts it into lactamethaiie (p. 462); it unites directly with lactide, forming 
diethylic tri lactate. 

Chloroi.actic Ether, f!ihcr chlorolactiquc. Syn. with Chloropropionate of ethyl 
(see Propionic Ethers). 

Dilactatb of Ethyl. ScoDilactic acid (p. 461). 

I)1ETIIVI.IC Tiulaotate, C"*H“0’ = ^ 

boiling about 270®, formed by heating diethylic lactate to 170® for several days with 
lactide. Potash decomposes it into alcohol and lactic acid. A substance which ap- 
pears to be mo ne thy lie trilactate, = ^C*H*H*[^*’ obtained as a 

secondary product in the prepanition of diethylic trilactate. (Wurtz and Friedel). 


CH» I 

Ifaotatea of XMCetbyl. Methyl-lactic Acid, C^n*0* = (C*IPO)": , is the only 

II }o 

compound belonging to this class that has hitherto been described. It is obtained by 
heating disodic lactate (p. 469) to 110® or 120® with iodide of methyl. Methyl-lac- 
tate oj silver, C^H’AgO*, remains as a brittle, amorphous, gummy mass, when its 
aqueous solution is evaporated in vacuo. Methyl-lactate of zinc is very soluble 
in water, and uncrystallisable ; it dissolves also in absolute alcohoL (Wislicenus, 
Ann. Ch. Pharm. exxv. 63. Gl. C. F. 


XiACTZBB. (True) Lactic anhydride. C*H*0* « C*H*0.0. (J. Gay-Lussac 
and Pelouzo, Ann. Ch. Pharm. vii. 43; Pelouze, ibid. liii. 116; Engelhardt, 
ibid. Ixx. 243 ; Wurtz and Friedel, Ann. Ch. Phys. [3] Ixiii. 101.) — Proiluced by 
the dry distillation of lactic acid. To prepare it, the product obtained by slowly dis- 
tilling lactic acid is evaporated at 100®, and the residue washed with cold alcohol, and 
crystallised from Iwiling alcohol. Lactide crystallises in rhomboidal plates of dazzling 
whiteness. It is inodorous ; melts at 107°, and begins to boil at 260®, giving oflT white, 
irritating vapours, which sublime without alteration, condense in crystals on cold 
bodies. It is only slightly soluble in hot water, but is gradually converted into lactic 
acid by ebullition with water, and quickly by the ac^n of bases. 

Ammonia converts it into lactamide (p. 463) ;3ijHiylamine, into lactethylanfiide 
(p. 463). It unites with diethylic lactate, forming ^e^ylic trilactate (frid. supr.), 

G. C. F. 

XiACTZOZO ACZB. Laurent’s name for Dilactic Acm (p. 461). 

IbACTZir and XA^OTOBB. Syn. with Suoab of Milk. 

XiAOTOBB, C*H*0*. — A liquid possessing an aromatic smell, and boiling at about 
02®, produced, together with lactide^ by the distillation of lactic acid. (Pelouze^ 
Ann. Ch. Phys. [3] xiii. 262.) 


JALOWCA SATZVA* The common lettuce. This plant yields, according to 
T. Kic-hardson (Jahresber. 1847-48, No. 134, Table to p. 1074), 0*87 per cent ash, 
containing : 

K*0 Ns*0 Cao Mgo EO* SIO* P* 0 » N«CI 

46*01 6*29 6*06 2*17 8*89 20*23 8*62 7*82 * 99*98 

ZAkCnroCAJUriFXI. a brownMi viscid substance obtained by evaporating the 
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luioe wWcli ezadM, by incimon, fleom the leaves and stems of certain s^m of loeftica, 
ifloecially Laetuea wroso. It has a peculiar odour resembling that of omom, and acts 

esprcMM j lanHi/Mamiim aGcordinfir ioLudwiff iAmM l^harm. 


resin • about 4 per cent, of an easy fusible waxy boay ; laciucin, me cniet active pnn- 
cinle of the subsUnce ; lactucic acid ; about 1 per cent of oxalic acid ; a non-volatile 
not bitter acid which reduces oxide of silver; and a volatile acid smelling like valeri- 
Miic acid both in small quantity only ; about 7 per cent, of albumin ; at least 
2 ner cent mannite; a small quantity of a neutral, not bitter, unfermentable sub- 
st^ crystallising in rhombic pyramids; and from 3 to 6 per cent, ash, containing 
potash, soda, manganic oxide, ferric oxide, and a small quantity of lime. 

tACTUCWM*f* A substance, insoluble in water, contained in lactucarium, 
probably identical with lactucone. 

iACTITCXC ACrD. This substance is obtained by triturating lactucarium with 
nn iMjual weight of dilute sulphuric acid, adding 5 pts. of alcohol of 84 per cent, 
filtering shaking up the filtrate with slakeii lime, decolorising with animal charcoal, 
eviDorating, heating the residue to boiling with a large qiiantitv of water and evapo- 
r iiLthe aqueous solution, after decolorising it with animal charcoal. A muture of 
ln<*tucic acid and lactuciii then remains, and on dissolving tins in boiling water, the 
laetucin crystallises out on cooling, and the remaining liquid yields, by evaporation, 

^"1. 'actinic acid thus obtained is a light yellow mass, amorphous at first, but becomiM 
r rvMtalline after a while ; its colourless aqueous solution is coloured wiuo-ri^ by alkalis, 
Hud when boilcHl with cupric sulphate and excess of soda, reduces cupric to cuprous 
oxide (Ludwig, JahresW. 1847-48. p. 824.) According to Wals(N. Jahrb. Pharm. 
XV. 118), it is C WO *. 

XiACTITCZlf* A substance contained in lactucarium, and supposed to be its active 
rrineiple. It is obtained by treating the extract with alcohol containing 2 per cent, of 
St ning vinegar, diluting the solution with water, prt‘einitotin^ with basic acetate of 
1 . ad removing the excess of lead from the filtrate by snlphydnc acid, evaporating at a 
o. ntle heat, (bgesting the residue in ether, and leaving the ethereal so ution to evafio- 
rate. Ludwig and Kromayer (Areh. Pharm. [21 exi. 1) prepare it b;>. macerating 
lartuearium in I j pt. hot water for four days, thenuressing 
witli a little cold water, boiling it five times with fresh 
Iwires lactucone undissolved), and evaporating the extracts 

material used. The product is them precipitated with basic acetate of li od, and recrys- 
tallised from alcohol as above. . r 1 1 

I.aetuein is yellowish, fusible, bitter, soluble in 80 parts of cold water, mmlerately 
H.luble in alcohol and in acetic acid, less soluble in ether, which 

TMUm in the oryctallinc state. Acconlini; to Kromayer (Arch. I harm^ ‘‘ 

crvMallise. in Lcreous .calcs or rlioml.ic tal.lc., Nifr^ 

t "ll“0*. According to WaU (N. Jalirii. I harm. iv. 118), it is C II O . Sitn 
arid of specific granty 1-48, converts it into a resinous body quite devoid of tast^ 
Strong sidphuric^id urns lactucin brown. Isictucin hraited f 

ammoniacaIpro<liict8(?). Its solutions arc not precipitated by any reagent. (Buchner, 

Ib p. Pharm. xliii. 1, Gm. xvi. 270.) 

XiAOnrcO jra. (?).— A crystalline substance extractecl from lactucarium 

by“^S^ It fols mUmillatSl crysUls, which, i^r ^ 
tallisation and treatment with animal charcoal, are co » . L ether and 

1500 and 1600, insoluble in water, but *1'“."?'.™ It 

oils, both fixed and Tolatile. It yields scctic acid in arg <} . carbonie acid 

r- u “ 7he ^Ia7-H"0*. it is an indifferent subsUnee,' 

metallic salts dissolved in alcohol. (Lenoir, Ann. C . • ) ^ 

a brown, amorphous, very bitter mass, na%nng a lainv aft floxviren airreeintf 

and alcohoL U contains 62*6 per cent, w^n, 6*8 *^7 ^ 

ne irly with the formuUC»H»0'*-*, and is therefore 

of w.^ and oxygen. (Kromayer, Zh* a««-ato/r,ErUngcD, 1861, p.7».) 

vot. iiL . a H 
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&ACmrft»€MBLMIliaor. Chlorideofchloroprojnon^. O’HHXCiPFvC^^CaO.CL 
fPrnrt*, Anil. €h. Phyb. [8] lix. 183.— Ulrich, Chem. Sol Qu. J. jdi. 2a.)^Obtoi*iied, 
togethenHtb 0 ]grchlonde of phosphorus, by gently heating a mixtttre of irell-dried 
lactate of ealchim with twice ita weight of pentachloride of phospbOm It is difficult 
to separate the whole of the oxychloride of phosphonui, but the chloride of lactyl may 
be obtain^ nearly pure by distilling the liquid, which passes OTer during the reaction 
in small quantities at a time, and collecting separately the portion which distils above 
Chloride of lactyl is also formed by the direct combination of ethylene and 
oxychloride of carbon. (Lippmann.) 

When freshly prepared, chloride of lactyl is a colourless liquid, but it soon becomes 
dark coloured, giving off hydrochloric acid. Its boiling point seems to be above 140®, 
but it is partially decomposed when distilled, the thermometer rising to 180° or 190°. 

' It sinks to the bottom of water and gradually dissolves, forming hydrochloric and 
chloropropionic acids (Propionic acid. Derivatives of) (Ulrich). With absolute 
aldohol^ it reacts very energetically, forming hydrochloric acid, chloride of ethyl, and 
chloropropionate of ethyl, {yf xltVa h Ither cMorolactique.) G. C. F. 

JjAOOirXTa. A ferric borate, FeK)*.B‘0*.3H*0, occurring as an incrustation in 
the Tuscan lagoons. (Bechi, Sill. Am. J. [2] xvii. 129.) 

&AXB. This term is used to denote a species of pigment formed by precipitating 
colouring matters with some earth or metallic oxide. The principal red lakes are the 
Carmine, Florence, and Madder lakes. 

For the preparation of carmine-lake, four ounces of finely pulverised cochineal 
are poured into 4 or 6 quarts of rain or distilled water (which has been previously 
boiled in a pewter kettle), and boiled with it for six minutes longer (it is sometimes 
recommended to add, during the boiling, two drachms of pulverised cream of tartar). 
Eight scruples of Roman alum in powder are then added, and the whole is kept upon 
the fire for one minute longer. As soon ns tho coarse powder has subsided, and the 
decoction has become clear, the latter is carefully decanted into large cylindrical vessels, 
covered over and kept undisturbed, till a fine powder s(‘ttles to the bottom. From the 
decanted liquor, which is still much coloured, the rest of the colouring matter may !)« 
separated by means of tin-solution : it then yields a curraine-lake but little inferior to 
the other. 

For the preparation of Florentine lake, the sediment of cochineal remaining on 
the kettle after tho preparation just described may bo boiled with the requisite quantity 
of water, the red liquor which remains after the preparation of the carmine likewise 
mixed with it, and the whole pro(?ipitated with the solution of tin. The red precipi- 
tate must be frequently washed with water. Exclusively of this, two ounces of fresh 
cochineal, and one of crj’stals of tartar, are to be boilecl with a sufficient quantity of 
water, poured off clear, and precipitated with the solution of tin, and the precipitate 
washed. At the same time, two pounds of alum are also to be dissolved in water, pre- 
cipitated by caustic potash, and the white earth repeatedly washed with boiling water. 
Finally, both precipitates are to bo mixed together in the liquid state, put upon a filter, 
and dried. For the preparation of a cheaper sort, one pound of Brazil wood may be 
employed in the preceding manner, in.stead of cochineal. 

For the following process for making a lake from madder, the Society of Arts voted 
their gold medal to Sir H. C, Englcfield. Enclose two ounces troy of the finest Dutch 
crop madder in a bag of fine and strong calico, large enough to hold three or four 
timers as much. Put it into a large marble or porcelain mortar, and pour on it a pint 
of clear soft water, c(Sld. Press the bag in every direction, and pound ajid rub it about 
with a pestle, as much as can be done without tearing it, and when the watar is loaded 
with colour, pour it off. Repeat this process till tbe'^wat^r comes off but slightly 
tinged, for which about five pints will be sufficient i^Heat all the liquor in an eaiwn 
or silver vessel, till it is near boiling, and then pouA^into a large l^in, iiito ® 
troy ounce of alum dissolved in a pint of boiling sdKVater has beeii?j|jrevi<msly put 
Stir the mixture together, and while stirring, pour !h gently about an duttce and naif 
of a saturated solution of carbonate of potassium. Let it stand till cold to settle ; poor 
off tbe clear yellow liquor ; add to tho precipitate a quart of boiling soft water, stirring 
it well ; and when cold, separate by filtration the lake, which should weigh half an 
ounce. • If less alum be employed, the c^dour will be somewhat deeper ; with less than 
tliree-fbujrtha of an ounce, the whole of the colouring matter will not unite with the 
Fresh madder root is equal, if not superior, to the diy. 

Almost all vegetable colouring matters may be precipitated into lakes, mojre or less 
beautiful, by means of alum or oxide of tin. U* 

Yellow lakes are prepared chiefly with decoctions of the berries of variou® 
^qpecies of Rhamnns, also of fustic, weld, quercitron, &c. ; the decoctions, mixed with 
carbonate of potassium in greater or smaller quantity as the colour is to be lighter or 
4arker, being poured into a hot solution of alum quite free from iron. The eoloar 
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lie h^tfned bj fwating the stiU meiat ptrecipitete with tiaTfoli^ijpii.~-As many 
of the FM^B#i|^fOwUona contain a %ge quantity of tannin, it is ua^, in order to 
obtain a jS^ v^6w*&be tton them, to mix them, in the first instimce, ivith a con- 
•idersblQ qmoty fit eon? milh, which precipitates the tannin. 

An orange^y^pw Uke is obtained in like manner by precipitating tnrtnerio or 
annatto, dissolved in potash with alum. A common kind of vellow-lako is obtained by 
mixing yellow-lake, prepared as abov(s with clay, marl, or ebalk ; better, however, by 
boiling 6 pta. of crushed yellow berries with 25 to 30 pts. water containing 1 pt. of 
alum, pouring the clear liquid on 3 or 4 pts. of pounded chalk, and leaving it fb,r 
several days, stirring frequently, then decanting the liquid, and washing and drying 
the precipitate. If a greenish tint is desired, a small quantity of burnt or slaked lime 
may be added. 

Bine lakes are but seldom prepared, since Prussian-blue, ultramarine, cobalt-blue, 
&c., and indigo-carmine answer every purpose for which they could be ^uired. If 
indigo-carmine be prepared by saturating the solution of sulphindigotic acid with 
magnesia or its carbonate, instead of potash, it is obtained of a still finer colour. 
Sometimes a dilute solution of sulphindigotic acid is mixed with alum-solution, and 
the mixture is precipitated with carbonate of potassium, whereby a jx'culiap blue lake 
is obtained. A solution of logwood mixcMl with alum yields u violet, and, on addition 
of sulphate of copper, a bluo-lake, if the solutions are precipitated in the cold with 
carbonate of potassium. 

Green lakes are usually prepared by mixing blue and yellow lakes. A very good 
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us much as the coffee-berries used, is uioi.stened with a small qiiantify of vinegar, and 
left for some time exposed to the air, whereby its colour is hcigliteiietL 

XiAMIlTASXA. 8( 0 Sbawekd. 

XiAMFAlIZTB. Syn. with Wad. 

&AMCP-BBACX. Finely-divided carbon, obtained by collecting the smoke of an 
oil-lamp, or that of burning-pitch or r<‘sin. (S**o Camoon, i. TCO.) 

XiANA PKXXiOSOPHXCA. An old mime for the snow)’ flakes of white oxide 
which rise and float in the air when zinc is burned. (SO'*)" 

XtABABJUTB. A sulphato-carlxinate of lead, PbSO*. PbCO", or ((’O)" 

Pb* 

occuiTing sometimes in monO(dinic crystals, cleavuble in two directions, i;om(‘times 
imiHsive or in flexible lamime. at Tieadhills, Scotland, in Siln*riii, at laiine in the 
Hiirtz, and at Biberweicr, Tyrol. Jiardm'ss = 2 to 2’h. SpeeiHe gnivity »» fl’3 to 7. 
J.ustrc of cleavagt‘-face8, pearly; of others, adainantim*, iimlining to resinous. Streak 
Colour, grceiiish-white, pale-yellow, or grey, 'ininsparent or translucent, 
('•tiitaims, according to Brooke’s analysis (ICd. J’hil. J. iii. 17), •'>3’r) j>er <’ent. sulphate, 
and ‘\G'H5 carlajiiate of lead, which is very near the calculated (composition. Before 
tlic blowpipe it melts to a glolmle, which becomes wdiite on c<a)]iiig. Bissolves in uitrm 
acid without perceptible cficrvcsccDce. 

X.A wgfi Mf. wii^Tnewi- A mineral consisting of a mixture of brucite and hydromag- 
nesite, found near Texas, I^mcrastor County, Peiinsylvunia (Buna, ii. 467). 

XiAJrTAVinUO ACXXI. {Lantalic add, Laurent.) A prcsluct, according tO 
Schlieper (Aim. Ch. Pharm. Ivii. 216), of the oxidation of uric ucid, bv a mixture of 
ferricyanide of riotaeeium and potash. The result of the pre^css, which is somewhat 
crmiJicated, is impure lantonumte of potassium, winch is disso veil in water, mixed 
with\oet#te-of leaA end filtered frem the precipituUd oxalate of lead ; the lantanunite 
of lead then ileeipitated from the filtrate by .amrnoiiim washwl, susr>ended m water, 
and decompOMd^ BulphureWcd hydrogen. The 

nunc add aa a gammy mass, easily soluble in water, insoluble in alcohol . it# solutio^ 
peddena litmusL It appears to be a dibasic acid. It forms a normal- wd an acid 
Totaadum-aalt, the formWof which is syrupy, the latter 

of either of theae salt# gives, with animonia<*al acetate of lead, a white prwipi^, 

insoluble iu cold water and alcoliol. soluble in acetic acid or basic acetate 

With ammoniacal nitrate of silver, the acid polussiuin-hait gives a white precipitate, 

.he .o W 

»«d i« CTH«N*0». Laurent proposes to double the fomtila. According to Gerhardt 

( Traiti, i. lantanurio acid is probably identical with allsotunc acid. ?. * • 
AABTnUMVXTB. Native carlxinatc of luiitbannm (end didymiiim) (Ia'» I) / 
C0*.8H O, fimneriy called carbonaU o/ etriuni, (8i-c CAumiNATKs, i. 7«o.) 

H H 2 
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KAlTTBAmK. Atomic ledffU, 92 8 ; S^hol, 1a. This metal aj^n to be 
constantly associated with cerinm and didyminm. Mosander showed in 1839 
(PoeiA Mn. xlTi. 648 j xlvii. 207) that the red-brown oxiife obtained from cente ,b 
the^toer described under Ceeiom (i. 831), and originally m th® oiids 

of a single metal, contained the oxide of another metal which he mlled lanthanum 
(from because it had previously been concealed in the o»do of cerium) ; and 

subseouentlv. in 1841 (Pogg. Ann. Ivi. 304), ho discovered that this supposed oxide 
of a^ingle^metal, lanthanum, was really a mixture of the pxidM of two distinct 
metals, for one of which the name lanthanum was retained, while the other was called 

didvmium (518uuoi, twins). , . r . /r a j u -ai. . 

The separation of lanthanum and didymiumfrom cenum may be effec^ by either of 
the methods described under cerium (i. 831, 832). The s^ond and third are easier and 
more expeditious than the first. If the solution obtained by treating the crude red- 
brown oxide with dilute nitric acid be evaporated to dryne.ss, and the residue treated 
with nitric acid diluted with at least 200 pts. of water, a solution will be obtained quite 
free from cerium (Marignac). Boiling the red-brown oxide with chlonde of ammo- 
nium also yields a .solution of lanthanum and didymium free from cenum. In both 
cases however it is best to test a portion of the solution for cenum by precipitating 
with excess of caustic potash, and passing chlorine through the solution. The presence 
of cerium even in a very smaU quantity, will be indicated by the formation of a yellow 
precipitate, after the liquid, supersaturated with chlorine, has been left in a close vessel 

for several hours. ^ n x , n i 

Holzmann, (J. pr. Chem. Ixxv. 321; R6p. Chim. pure, i. 241), prepares pure Ian- 
thanum-ealts from the liquid which remains after the preeipitation of Imsic cenc 
sulphate in Bunsen’s process for the separation of cerium (i. 832). This liquid, which 
contains both lanthanum and didymium, is evaporated (during which process a largo 
atlditi nal quantity of cerium separates as basic sulpliato) and heated fill the greater 
part of the free acid is expelled. The sulphates of lanthanum and didymium, which 
then separate out, ar<' dissolved in v^ater containing a little nitric acid, and the solution, 
together with the mother-liquor, is precipitated with oxalic acid; the precipitate, 
mixed with an equal weight of magnesia alha, is heated for some time to low rod- 
ness • the resulting dark brown oxide is digested with small quantities of dilute nitnc 
acid 'which dissolves scarcely anything but the oxides of lanthanum, didymium and 
magnesium ; and the filtrate is boiled for some time with magnesia to separate the last 
traces of cerium. The liquid is then again precipitated with oxalic acid ; the dried and 
ignited precipitate dis.solvcd in dilute nitric acid; the solution precipitated by sulphato 
of potassium ; the precipitated lanthano- and didymio-potassic sulphates digested with 
dilute carbonate of sodium, and the resulting carbonates dissolved in dilute s^ulphuric arid. 

A solution free from cerium having been obtained, the separation of the lanthanum 
and didymium is effected by the different solubilities of their sulphates.^ To convert 
them into sulphates, if not already in tliat form, the .solution is treated with excess of 
a caustic alkali, and the washed precipitate dissolved in dilute sulphuric acid. Iho 
mode of proceeding varies according as the lantlianum or the didymium is in excess. 

1 When the lantlianum is in excess, in wdiich ease the solution has but a taint 

amethyst tinge, the liquid is evaporated to dryne.ss, and the residue heated in a platinum 
dish to a temperature just below redness, to drive off the excess of acid, and render the 
sulphates perfectly anhydrous. The residue is then dissolved in rather less than six 
tinfes its weight of water, at about 2° or 3° C. (36° K), the salt being redu<»d o 
DDwder and added in sueccssive small portions, and the vessel containing the liquta 
King immersed in ice-cold water. Without these prerautions, the temperat^ of the 
liquid may be raised several degrees, in consequence of the heat evolved by the coin • 
nation of the anhydrous sulphates with water; an««^that case, c^taUwatio^ 
commence, and rapiilly extend through the whole these sulpha^s aw 

much less soluble in warm than in cold water ; but ^Me Uquid be proi^ly 

whole dissolves completely. The solution is next to be heated in the water-bath to 
about 40® C (104° F.) ; the sulphato of lanthanum then crystaUises out, accompaniea 
bv quantity of sulphate of didymium. To purify it completely, it is agam 

rradeM^hydrous, re-dissolved in ice-cold water., &c., and the entire process rep^t^ 
ten or twelve times. The test of purity is perfect whitened the smallest quantitv m 
didymium imparting an amethyst tinge (Mosander). This process succeeds best 
when a considerable quantity of the mixed sulphates is operat^ on. j 

2 When the didymium-salt is in excess, in which case the liquid has a decided W 
colour, separation may be effected by leaving the solution containing excess of,aa^ 

» ynm pWe for a day or two. The sulphate of didymium then aepiuj^in 
Aotnboh^ ciyatals modified with numerous secondary facw ; and, at the mme um 
rtender, needle-shaped, violct-colonred erystals arc formed, containing the two 
pllxed. The rhomhohedral aastals, which are nearly free from lanthanum, are 
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remored, and the needles, together with the mother-liquid, treated as in the fiwt method, 
to obtain enlphate of lanthanum. (Mosander.) 

In both cases, the separation may bo greatly facilitated by first dissolving tho,-:mixed 
oxides of the two metals in a large excess of nitric acid, wad precipitating in rnfficttsive 
portions by oxalic acid ; the first precipitates thus formed have a much deeper rose- 
Sflour and are much richer in didymium than the latter. The separation thus oflTected 
i« very imperfect in itself, but it greatly facilitates the subsiH.pient separation of the 
sulphat<*s, which is much more rapid U'hen one of the sulphates is in grt'at excess with 
reg^ to’ the other. (Marignac.) 

Metallic is obtained by decomposing (he anhydrous chloride with sodium, 

and dissolving out the chloride of sodium with alcohol of specific gravity 0*833. It is 
a dark, lead-grey powder, sort to the touch, and adhering w lien prt ssed. 

Lanthanum appears to form only one series of compounds, in which it is diatomic, 
f.cj. the cliloride LaCl* ; the protoxide LaO. 

ItAlJTHAinrM, CKXiOAXDa OF, I>aCl’, is obtained in the anhydrous state 
bv igniting the oxide in a current of hydrochloric acid gas (Mosaiuler), or hy dis- 
Kilving the oxide in hydrochloric acid, evaporating tlie solution, mixed witli sal- 
mnmoniac, to dryness, and heating the re.siilue till the sal ammoniac is expelled. It 
then remains its a radio-crystalline mass, which deliquesces in moist air, and dissolves 
easily in alcohol. (K. Hermann, J. pr. Chem. Ixxxii. 38r>.) 

A. hydrated chloride, LaCr'‘.4ll*0, is obtained as a maio-crysUillino mass, bv evaporat- 
iug a solution of the oxide to a syrup, and leaving it over oil of vitriol. When heated 
in moist air, it gives off water and hydrochloric acid, leaving a imxtnro of chloride of 
lanthanum and an oxychloride containing 3LaO.La( 1’*. 

Chloromercurate of Lanihauum., LaCl^aHgLl^SHH), is obtained by evaporating a 
sululion of the component chlorides, in colourles.s cubes, easily soluble in water, but 
nut deliquescent. (Marignac, Ann. Min. [5] xv. 272.) 

XAHTBANITM, BUTSCTION* and IISTXMATXOW OF. 1. Heactione, 
rare !antliuuum-c*ompounds fusinl with borax belore the Ijlowpipe, form a pcrioclly 
culunrless bead; the slightest ting** of amethyst is an indication of the presence of 

didvniium. , , . ^ . w.i 

Lanlhaiiuni-salts in solution arc culonrl<*ss, and have an astringent taste. ”rtn 
caustic potash or soda, they yield a white bulky gelatinous pn'cipitate of the hvdrnfed 
<.xide, wliich is insoluble in excess of tlie alkali, but dissolves completely in chlorine- 
water, w'itliout funning any ytdlow de^visit. Ammonia throws down a basic salt. 
Oxa’ic acid or oxalate, of amaamium. forms a wliite llocculent precipitate, winch does 
not become erystalline. In other respe.*(s the solutions resemble those of eerous 
( i. 833), especially in forming with sulphat** of potassium a white crystallino prccipi- 
tafo (luitc insoluble in exce.ss of the reagent, i i 

2. Ksiimation and ---Laiilhunuin is best precipitated mmi ilssolntions by 

ttxalate of ammonium. The preeipitatesl oxalate, ignited in a eovered platinum cruel > e, 
j.H convert t*<l into the anhydrous oxide, La'‘0, containing 8.V4 per cent, ot the metal. 

The methods of separating lantliamim from most other metals are the Hume as Uio»o 
a(loj)ted for ci^rlum and didymium. The sr[>aration of lanthamirn from cerium itself 
may be t fTected bv precipiUtion with an alkaline hypoclilorife, or by boding tlie mixisl 
oxide.s in a solution of sabummoiiiac (i. 832). No Me thod of seoarat mg lan- 
thanum from didymium, sufficiently exact for quantitative analysis, has yet been 

' Weight of /.a»<Aan«m.-M<««ndcr, by lh<- Hiiitlyni" of nulplmt.- of Un- 

lliahum. oatimiited the Btbmic weight of iho nictel (diatomic) at 92-8. Mariijiiac 
(.\nn. Ch. Phys. 131 xxvii. 209), by a similar nietlnxl, obtainwl a somewhat higher 
number, vix. 94 08. lloUniunn (J. pr. (’hem. Ixxv. 321), from tbe mean of his 
analyses of the snlphaU) and of the iodaUq obUined tli« number a2*8; and R. Her- 
mann {ibid. Ixxxii. 385), from his analyses of the enrbonate, sulphaU?^^ chloride, 
obuiined 92*88. MosandePs determination may, therefor^, be regarded de lulijy 
coiifinnod. * 

AAXrTSAXnnMCf FXiUOJUTPB of* Sulphate of lanthanum fornw, with fluoride 
of sodium, a white flocculent precipitate, sparingly soluble in hydrochloric acid. 
(Hermann.) 

XAVTBtASnnMC, OZXBS8 OF. lanthanum forme two oxidee, viz. a protoxide^ 
DiO, and a peroxide, the composition of which baa not perhaps been exwjtly 
ascertained. , - , 

The protoxide is obtained by igniting the hydrate, t-arbonale, or oxalate, ^ m 
r^tact with the air, afterwards in contact with the reducing gases of the flame. It Ihetl 
forms white lumps having the same texture as the peroxide, and a specif gravity 
of 5*94, When exposed to the air, it takes up water and carbonic acid, ai»d in contact 
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^AWHAWM. Atomic weighty 92*8 ; Symbol, La. This metal appeam to be 
constantly associated with cerium and didyrainm. Mosander in 1839 

fPoM* Ann. xlvi. 648 ; xlvii. 207) that the red-brown oxide obtain^ from cento in 
the Stoner described nnder Cerium (i. 831). and originally wgaided as the oxide 
of a rfngle metal, contained the oxide of another metal which he ^lled lanthanum 
(from because it had previously been concealed in the oxide of cerium) ; and 

subsequently, in 1841 (Pogg. Ann. Ivi. 504), he discovered that this supposed oxide 
of alingle metal, lanthanum, was really a mixture of the qxides of two distinc 
metals, for one of which the name lanthanum was retained, while the other was called 

didvmium (SfSyfwi, twins). , . , • i. ir . j i, *. 1 . . 

The separation of lanthanum and didymiumfrom cenum may be effected by either of 
the methods described under cerium (i. 831, 832). The second and third are easier and 
more expeditious than the first. If the solution obtained by treating the crude red- 
brown oxide with dilute nitric acid be evaporated to dryness, and the residue treated 
with nitric acid diluted with at least 200 pts. of water, a solution will be obtained quite 
free from cerium (Marignac). Boiling the red-brown oxide with chlonde of ammo- 
nium also yields a solution of lanthanum and didymium free from cenum. In both 
cases however, it is best to test a portion of the solution for cenum by precipitating 
with excess of caustic potash, and passing chlorine through the solution. The presence 
of cerium even in a very small quantity, will be indicated by the formation of a yellow 
precipitate, after the liquid, supersaturated with chlorine, has been leff in a close vessel 

for several hours. _ . . . « . , v i 

HoUmann. (J. pr, Chem. Ixxv. 321; R^p. Clum. pure, i. 241). preparos pare lan- 
thanum-salts from thn liquid which remains after the precipitation of basic cenc 
sulphate in Bunsen’s process for the separation of cerium (i. 832). This liquid, whicli 
contains both lanthanum and didymium, is cyaporated (during winch process a large 
additi nal quantity of cerium separates as basic sulphate) and heated till the greater 
part of the free acid is expelled. The sulphates of lanthanum and didymium, which 
then separate out, are dissolved in M'ater containing a little nitric acid, and the solution, 
together with the mother-liquor, is precipitated with oxalic acid ; the precipitate, 
mixed with an equal weight of magnesia alba, is heated for some time to low red- 
ness ; the resulting dark brown oxide is digested with small quantities of dilute nitnc 
acid, which dissolves scarcely anything but the oxides of lanthanum, didymium and 
magnesium ; and the filtrate is boiled for some time with magnesia to separate the last 
traces of cerium. Tlie liquid is then again precipitated with oxalic acid ; the dried and 
ignited precipitate dissolved in dilute nitric acid; the solution precipitated by sulphate 
of potassium ; the precipitated lanthano- and didymio-potassic sulphates digested with 
dilute carbonate of sodium, and the resulting carbonates dissolved in dilute sulpliuric acid. 

A solution free from cerium having been obtained, the separation of the lanthanum 
and didymium is effected by the different solubilities of their sulphates.^ To convert 
them into sulphates, if not already in that form, the solution is treated with excess of 
a caustic alkali, and the washed precipitate dissolved in dilute sulphuric acid. Iho 
mode of proceeding varies according as the lantlianum or thedidymiurn is m excess. 

1 When the lanthanum is in excess, in which case the solution has but a taint 
amethyst tinge, the liquid is evaporated te dryness, and the residue heated in a platinum 
dish to a teinperature just below redness, to drive off the excess of acid, and reiider the 
sulphates perfectly aniiydrous. The residue is then dissolved in rather less than six 
times its lemht of water, at about 2® or 3° C. (36® h.), the salt being reduced to 
Dowder and added in successive small portions, and the vessel containing the liquid 
King immersed in ice-cold water. Without these pre^utions, the temperat^ of the 
liouid may be raised several degrees, inconsequence ^the heat evolved by the comb • 
nation of the anhydrous sulphates with water; 

commence, and nipidly extend through the whole as these sulpha^ aw 

much less soluble in warm than in cold water ; but iMti Uquid be properly 
whole dissolves completely. The solution is next to he heated in the water-bath to 
about 40° C (104° F ) ; the sulphate of lanthanum then crystallises out, accompaniea 
by only lynnall quantity of sulphate of didymium. To purify it completely, it is agam 
renderedlSihydrous, re-dissolved in ice-cold water., &c., and the entire process repeat^ 
ten or twelve times. The test of purity is perfect whiteness, the smallest 
didymium imparting an amethyst tinge (Mosander). This process succeeds beet 
when ft eonsiderablo quantity of the mixed sulphates is operat^ on. 

2. When the didymium-salt is in excess, in which case the liquid has » decided ^ 
colour, separation may be effected by leaving the solution conteining excess of aci A * » 
• w*m place for a day or two. The sulphate of didymium «'en sepi^to to 
Aombohedral ciystals modified with numerous secondary faces ; and, at 
dender, needle-shap^, Tiolct-coloured crystals arc formeii, containing the two suJpbaW 
^Ixed The rhomhohcdral crystala, which are nearly free from lantiianuro, ai< 
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removed, And the needlea, together with the mother-liquid, treated as in the fint method, 

to obtain wdphate of lanthanum. (Mosander.) 

In both cases, the separation may be greatly facilitated by first dissolving thq mixed 
oxides of the two metals in a large excess of nitric acid, and precipitating in sifiscessive 
portions by oxalic acid ; the first prt'cipitates thus formed have a inucli deeper rose* 
wloiir and are much richer in didymium than the latter. The separation thus effected 
ia very imperfect in itself, but it greatly facilitati s the subst^quent separation of the 
sulphates, which is much more rapid when one of the sulpliates is in grt'at exce^ with 
rc^rd to’ the other. (Marignac.) 

Metallic lanthanum is obtained by decomposing the anhydn^iis chloride with sodium, 
and dissohnng out the chloride of stxlium with alcohol of speeitic gravity 0*833. It is 
a dark lead-grey powder, soft to the touch, and adhering when prt'ssed. 

Lanlhaniini appears to form only one series of comjHiundB, in which it is diatomic, 
e.(j. the cMoride LaCl* ; the protoxide LaO. 

XJIKTBAMITM, CBXiOltXDB OP, IxlCl^ is obtained in the anhydrous state 
bv igniting the oxide in a current of hydrochloric acid gas (Mosander), or by die- 
fcolving the oxide in hydnx^hloric acid, evaporating the solution, mixed w'ith sal- 
ammoniac, to dryness, and heating the resithie till tlio sal ammoniac is expelled. It 
then remains as a radio-cjystallino mass, which deliquesces in moist air, and dissolves 
easily in alcohol. (R. Hermann. J. pr. Chem. Ixxxii. 385.) 

K hydrated chloride, LaC12.4ll’'0, is obtained as a mdio-crystallmo mass, bv evaponit- 
iiig a solution of the oxide to a syrup, and leaving it (.ver oil of vitriol. When heated 
ill moist air, it gives off water and hyilroehloric acid, leaving a mixture of chloride of 

hint haiium and an oxychloride containing 3 LaO.LaCP. . , . 

adoromcrcurate of Lanthanum, LaCl^.allgtd'^SUH), is obtairiLHl by evaporating a 
Solution of the component chlorides, in colourles.s cubes, easily soluble \ii water, but 
not deliquescent. (Marignac, Ami. Min. [5\ xv. 272.) 

XAJrTBAnrirM, BBTSCTIOW and BSTXMATXOW or. 1. Rractums. 
Pure laiUhauuui-coinpouiids fused with borax bidore the blowpipe, form a perfeeily 
eoloiirless bead; the slightest tinge of amethyst is an indication of the presence of 

didymium. . w.u 

Lanthanum-salts in solution are colonrh‘ss, uiid have an aslnngeiit taste, 
caustic m^tash or soda, they yield a white bulky gelatinous precipitate of tlie hvdnited 
oxiile which is insoluble in exces.s of the alkali, Imt dissolves comnhaely in chlorine, 
wattr, without forming anv yellow d.qiosit. Ammonia thr«>ws (lown a hasic salt 
(Kvo'ic acid or oj'atate. of ammonium forms a white tlocculent precipitate, winch does 
nut become crystalline. In other respei-ts the solutions resemble those of ccrous sdU 
(i. especially in forming with sulphati* of potas.sium a white crystalline procipi* 

t at r quite insoluble in exce.ss of tile reagent. , i 

2. Estimation ajid Separation, — Jianthanum i.s best precipitated from its solutions by 
oxiilale of ammonium. The precipitate<l oxalate, ignited in a covered jdalinum cruci de, 
i.s converteil into the aiihydrou.s oxide, La*U, containing 85*4 per cent, of tlie metal. 

The methods of separating lanthanum from mo.st other metals are the same as tlioso 
adopted for cerium and didymium. The separation of lanthanum fi-om cerium itself 
may be effected bv preciiutation with an alkaline hypochlorite, or by Ixaling the rnixtsl 
oxidc.s in a solution of sal-ammoniac (i. 832). No im ihod ot separating Ian* 
thanum from didymium, sufficiently exiu-t for quantitative analysis, has yet been 

3. Atomic Weight o/ /vawMawMW.— Mosander, by the analysis of "ulphate of Ian- 
thaiium. ostimatetl the atomic weight of the nictal (diat/omic) at 92*8. Mari^f^nac 


uiaiium. osumaieti uie moma: weigui. mu v--" 7 . 

(Ann. Ch. Phys. [31 xxvii. 209), by a similar method, olitamed a somewhat higher 
number, via. 9408. HoUmann (J. pr. Chem. Ixxv. 321), from the mean of hm 
analysoH of the sulphate and of the iodaU*, obtained the number 92-8; and R. Her- 
mann {ibid. Ixxxii: 386), from his analyses of the carbonate, sulphate^M chlonUe, 
obuiined 92*88. MosandoPs determination may, therefor^, be regarded •• inlly 
coiifimod. ^ 

BAjrrSAWM, F&IfOUBB OF. Sulphate of lanthanum forme, with fluoride 
of sodium, a white llocculent precipitate, sparingly iKiluble in hydrochlarMJ acid. 
(Hermann.) 

ZiAjrTBAVUBI, OaUCBBS OF. Lanthanum forms two oxides, vis. a protoxide^ 
I>aO, and a peroxide^ the composition of which has not perhaps been exactly 
ascertained. , , , - . . 

The protoxide is obtained by igniting the hydrate, carbonate, or oxalate, nwt « 
r^mtact aiUi ihc. air, aflerwanis in contact with the reducing gases of the flame. It th^ 
forms white lumps having the same texture as the peroxide, and a specific gtfavity 
of 6*94. When exposed to the air, it Ukes up water and carbonic acid, and in contact 




, '» ... 

m OXYCHLORIDF^LAMS LAZULI. 

With water is cont’orted into the hydrate, !LaH*0*, trtjich is^ a soft white powdet 
resembling slaked lime. By precipitating a salt of lanthanum^ With potash or sOda, the 
hydrate is obtained as a bulky, translucent precipitate, which rapidly absorbs car- 
bonic acid. Both the hydrate and the anhydrous protoxide dissolre easily in acids, 
without erolution of gas. 

The piafdxide, said to have the composition or 64LaO.O, is obtained by 

igniting thiil" (^rbonate, oxalat-e, or nitrate, in contact with the air. It is a light brown 
or browntsh-grey substance, which dissolves in sulphuric, nitric, or acetic acid, with 
evolution of oxygen, and in hydrochloric acid with evolution of chlorine. 

SbAirTBAiriniK, OXTCBXiORIBB or, La^CPO’ = LaC1^3LaO, remains on 
heating the hydrated chloride (p. 469), and after washing with water, forms a white 
powder, insoluble in water, but dissolving slowly in hydrochloric or nitric abid. 

BAlTTBAirirM, OXTOBST-SABTS OF. The solutions obtained by dissolv- 
ing either of the oxides of lanthanum in acids, are colourless and have an astringent 
taste. Most salts of lanthanum arc soluble in w’ater ; but the carbonate, borate, and 
phosphate are insoluble. Lanthanum lias a great tendency to form basic salts, by pre- 
cipitation with ammonia for example. Many of these salts, the basic nitrate and 
chloride (oxychloride) for instance, run through the filter as milky liquids during 
washing. If the precipitate be boiled, the whole runs immediately through the filter; 
but if it be left in the moist state for a few days, it is converted into a neutral salt, 
which dissolves in water, while carbonate of lanthanum remains on the filter. Sulphate* 
of lanthknum resembles the corresponding salts of cerium and didymiam, in forming 
with sulphate of potassium a crystalline double salt, sparingly soluble in pure water, 
and quite insoluble in water saturated with sulphate of potassium. 

XA.NTBAWU1MC, 8irX.rBXX>B OP, LaS, is obtained by igniting the metal 
ill vapour of sulphide of carbon, as a yellow powder, wliieh is decomposed by water, 
with evolution of sulphydric acid, and formation of the white hydrate of lanthanum. 
The sulphide may also be obtained by igniting the oxide in vapour of snlphidi* of 
carbon, or by fusing it with sulphide of sodium ; but it is then of a fiery yellow colour, 
and when examined by the microscope, is seen to be made up of fine crystals. 
(Mosander.) 

XiAPATBCMr* The name given by Buchner and Ilerbcrgcr (Hep. riianii. 
xxxviii. 337), to a substance which they obtained in a very impure state from the ro<tt 
of Bwnex ohtusifolim (the officinal Radix lapathi acuti ) : it has since been shown to 
bo identical with chry*sophanic acid (i. 968). 

XtfAPXS XiABTrXiZ. Ultramarine. Lasurstrin.'-A silicate of sodium, calcium, 
and aluminium mixed with a sulphur-compound of sodium. It occurs sometimes in 
rhombic dodecahedrons, with imperfect dodecahedral cleiivage, but more commonly 
massive and compact. Hardness = 6*5. Specific gravity = 2*38 to 2*46. Lustre 
vitreous. Colour rich Berlin or azure blue. Translucent to opaque. Fracture uneven. 
Before the blowpipe it fuses to a white glass, and if caleinfxl and reduced to powtbT, 
loses its colour, and gelatinises in hydrochloric acid. With borax, it efitervesces and 
forms a colourless glass. 

Analyses: — 1. From the East: a. Klaproth {Tldtragr, i. 189); h. L. Gmelin 
(Schw. J. xiv. 329) ; c. Varrentrapp (Fogg. Ann. xlix. 616) ; d. Kohler {Ram- 
mdshcr^s Miner alchmte,\i.l\0)\ e. Schultz(?6/W.).— 2. From Vesuvius: L. Gmelin 
{loc. cit.). — 3. From the Andes: a. Field (Chem. Soc. Qu. J. iv. 331); b. Schultz 


(loc. cit.) 
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is, thflfvfore, usdess to attempt the calculation of a fonnula ftom the analjsea. On 
examining tliin alices of the mineral under the microscope, the blue colouring matter ia 
seen to be distributed amidst a white ground. The composition of artidcinl ultra* 
marine renders it probable that the colouring matter of the natural mineral is either 
a polysttlphide of sodium, or a compound of the protosulphide with a polythionate 
of sodium. ^ , 

Lapis lasuli is usually found in granite or in crj'stalline lime-stones. It Is brought 
cliiefiy from China, Siberia, and Buoharia ; the specimens often contain scales of nuca 
and pyrites. On the banks of the Indus, it occurs disseminated in a greyish limestone. 

The richly coloured rarieties are higlily esteemed for making costly vases and orna- 
mental furniture ; it is also employed in the manufacture of mosaics, and when pow- 
dered constitutes the rich and durable pigment called ultramarine (^.v.) 

&APZ8 0&&A&X8 or Potstone is a coarse granular dark-coloured variety of 
steatite. 

&ARCB. See Larix. 

Ti A B T> T.TTcm. A borate of ammonium occurring at the lagans of Tuscanyi 
as a white efflorescence composed of microscopic crystals. It contains, according to 
Bechi (Sill Am. J. [2] xvii. 130), 68 35 per cent. lK)ric nnliydrich', 11’73 oxide of 
ammonium, and 18*32 water, agreeing nearly with the formula (NIP)'^0.4B*0\4H*0. 
It is soluble in water, and the hot solution yields another salt, compoaed of (NH^)*0. 
6B*0M)H*0. 

XiAltDXTB* A variety of talc (q.v.) ; also syn. with Agalmatoliti. 

I^ARIX aUROPJEA or P/wtw Ixirix, The Lareh tp(‘e. The young branches of 
this tree exude a kind of manna, from M’hich Bi‘rthclot has obtained a fermentable 
sugar called melezitose (q.v.) The bark contains a peculiar acid, to be described in 
the next article. 

XJLRXXXVXG AOXD. (Stenhouse, Phil. Trans., 1863, p. 33; Proc. 

Boy, Soc. xi. 405.) — A volatile crystallisable neid contained in the bark of the larch- 
tree, most abundantly in that of the smaller branches of trees from 20 to 30 yean 
old. It is obtained by exhausting the Inirk with water at 80®, evaporating the extract 
to a syrup and distilling in vessels of glass, |K>rceluin, or silv<'r. The acid which ^aassf 
over crystallines, |)artly on the inner surface of the receiver, hut the greater part is ob- 
tained in the crystalline form on ova|K)rnting the distillate. The brown-yellow crystals 
thu.s obtained are purified by recryslallisation and sublimation. 

Sublimed larixinic acid forms crystals resembling those of benzoic acid, often 
an inch long, and having a brilliant silvery lu.st re ; they are inonoclinic and usually 
(.Kvur in twins. The crystals de|K>siled from w'ater are also inonoclinic. The acid 
sublimes at 93®, melts at 133®, often volatilises with va|M:)ur of water, has a slightly 
bitf*'r astringent taste, and smells like camphor or naphthalene. The crystids catch fire 
r< adily, and burn with a bright llame, leaving no residue. Tl»e acid reddens litmus 
slightly, dissolves in 87’9 pts. water at 60 ^ inon* easily in boiling wafer and in alcvhU, 
sj'iiringly in ether. Nitric add converts it into oxalic acid. When trcuUnl with 
hi/drochloric acid and ch/vratc of pota8.<han it does not yield chloranil. 

The aqueous solution of larixinic aei<l is precipitated by baryta-watfr, forming an 
easily decomposible precipitate which contains 34-9 per cent, baryta. The acid is not 
pr(*ci pi tated by //Vte-tca ^cr or or by or Hilvir~8altM\ neither dww it 

reduce the metal from the latter on boiling. Ferric salts produce, even in dilute iKilu* 

t ion of larixinic acid, a characteristic purple-red colour. 

J.arixinate of potasaium forms flat red-brown crystals which become darker Q& rt- 
crystallisation, and ore decomposed, even by carlxmic acid. 

Larixinic acid is not found m the bark or Afnca cjccdaiorf or Pinus aylvtatHi, 

XiAAX O RXTR. Syn. with Wavellitb. * 

XAtURXTB. Blue carbonate of copper (i. 783). 

RASTRXO AOXJi. C^H*0*. An acid whose phenyl-cther,C'*HH)*«C^W|i?B*)0*, 
is produced, together with hydrochloric acid, by the action of oxychlondoji^lpos- 

{ thorns in excess on salicylate of sodium. When the temperature rises hudh|i|jMw 
iquid passes over, which, on standing, deposits tabular crystals of the 
leaving a motheivUqnor which smelhi of hydrate of phenyl. (Kolbe anapri€ta- 
n»ann, Ann. Ch. Pham!, cxv. 137.) 

RATXRXn (from later, a brick) is a name applied by Indian geolo^to to a 
formation oommon in Ceylon and India, and consisting of reddish clay, more or laas 
hardened, and enriosing nodules of quart * : the Cingalese call it caboox. Tins latsrifts 
is a haid, doiMS, almost jai^ier-Ukt, reddish w bri<i red rock, conatstiog of haidsiisA 
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clay enclosing quartz-crystals. A second variety, which is most common in Ceylon, ui 
softer, may be cut With the knife, but hardens on exposure to the air. A third kind is 
sedimentary or breccia-lUse, consisting of quartz-nodules loosely embedded in clay, and 
has been produced by disintegration of true laterite, which appears to be itself a product 
of the decomposition of granite or gneiss containing hornblende. (Jahresber. 1853, 
p. S92.) “ 

A juice which circulates through plants by means of a set of vessels 
^called the laticiferous tissue or cinenchyma, and coagulates into a gelatinous substance 
called cambium, which precedes the formation of oells. The descending juice is, 
according to Fr 5 my, a mixture of several liquids, some of which contain vegetable 
secretions, while others serve for the development of vegetable organs. lu 
those parts of the vegetable organism which are in process of development, there 
exists a kind of juice called by Fr5my, the albuminiferous latex, which closely re- 
sembles the young organs in chemical composition, and forms the material for th* 
production of the cambium. Under favourable circumstances, this juice may be 
obtained tolerably pure by making a slight incision into the growing tissues just below 
the epidermis. This juice— which is obtained with essentially the same properties from 
the l^tf-stalks of Colocasia odora, and the banana tree, the stems of Stephanotis and 
Tanghinia, the roots of the arum, and the parenchyma of the gourd— coagulates com- 
pletely when heated, or on addition of a trace of nitric or tannic acid. It usually 
exhibits the alkalinity of serum or of egg-albumin ; leaves, when dried up, a residue 
consisting almost wholly of albumin (in hict it is as rich in albumin as blood-serum or 
milk), and yields ash consisting mainly of alkaline chlorides and carbonates. (Fr5iny, 
Compt. rend. li. 647.) 

AATBYRnS AKOUSTIPOXiXUS. In the se('d of this plant, Reinsch found an 
uncrystallisablo bitter substance, vegetable fibn>, stareh, legumin, vegetable albumin, 
gum, salts, a fixed oil, a resinous and a waxy substance. 

&ATXIOBXTS. Syn. with Anortiute. 

XiAVMOXff7XTE. Laumonite, Ijomonite, Kfflormdng zeolite.-— k hydrated silicate 
of calcium and aluminium, occurring in monoclinic ciystals, in which the principal axis, 
d^hodiagonal and clinodiagonal are to one another as 0*516 : 1 : 0*8727, and the 
inclined make an angle of 68° 40'. Anglo ooP ; ooF = 86° 16' ; oP . (Poo ) = 
151° 9'. Observed planes oP . coP . ( coPoo ) . +P . -P . — 2Pqo. Cleavage per- 
fect parallel to ooPoo , also to ooP. The mineral occurs also in columnar, radiating, or 
dive^rent forms. Hardness = 3*5 to 4. Specific gravity = 2*29 to 2*36. Lustre 
vitreous, inclining to pearly on the cleavage-faces. Colour white, passing into yelhnv 
or grey, sometimes red. Streak uncoloured. Transparent or translucent ; becomes 
opaque, and usually pulverulent on exposure. Fracture saircely observable, urH'viii. 
Not very brittle. Before the blowpipe it intumesces and melts to a frothy mass; 
forms a transparent bead with borax. It gelatinises with nitric or hydrochloric acid, 
but is not affected by sulphuric acid. 

Analgses: a. From Phipsburg, State of Maine (Dufr5noy, Ann. Min. [3] vni. 
303.-5. From Courmayour, Savoy (Dufrenoy, ihid.)—c. From Skye (Conn el, 
Edinb J. of Sc. 1829, p. 262).— d. From Huelgoot, Bretagne (Maiaguti and 
Durocher, Ann. Min. [4] ix. 325).-c. Re<l variety from Upsala (Berlin, Pogg. 
Ann. Ixxviii. 416).— /• George, Nova Scotia (II ow, Sill. Am. J. [2] xxvi. 

30). 
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These analyses lead to the formula CaO.Al*0*.4SiO*+ 4H*0 (requiring 61*63 SiOb 
%Vhl A1*0% 11*78 CaO, 15*08 H*0), or Ca'(Al*)’»Si«0'*.4H*0, which is reducible to 
that of a hydrated metasilicate, R*SiO*.H’‘G. ^ 

LanAotlute occurs in the cavities of amygdaloid, also in porphyry and syenite, anu 
fiQrailpntttlT ▼•th calcspar, in veins traversing clay-slate. Its principal localities ate 
ih^eTaroe Islands, at Diako in Greenland; at Eule in Bohemia, in clay-slate on the 
St. Qothard, and in large masses in the Fassa valley ; at Hartfield Moss in Renfrewshire, 
accompanying analcime ; in the amygdaloid rocks of the Kilpatrick Hills near Gla^w ; 
and in severu trap- rocks of the Hebrides and the north of Ireland. Fine specimens 
are found at Peter’s Point, Nova Scotia ; it is also abundant in many places in tlie 
. ^hopper-veins of Lake Superior, and in several other localities of North America. 
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Laumontite is remarkable for the facility with which it gives up its oomhiued 
water, in consequence of which it is often found opaque and friable. This change 
may ^ prevented in cabinet specimens by dipping them in a thin solution of gm- 
arabic. According to Malaguti and Durocher, it loses 2*26 per cent, water when Icept 
for a month in a vacuum, and 3-65 in the exsiccator over sulphuric acid. In damp 
air it does not effloresce ; and the effloresced mineral, when exposed to such^an atmo- 
sphere, recovers the water which it has lost. 

^ Sometimes the alteration of laumontite by natural processes ^es a step fflrthcr, 
and carbonate of calcium is formed. A laumontite from Obt rscheld, near Dillenburm 
thus alter^, contains (dried at 100®), according to Wildenstoin (Jahresbcr. 1860, 
p. 734), 


SiD* A120» Fe»0> 

CaO 

H^O 

co« 

39 12 13-43 2-60 

25*18 

622 

13-46 « 100 

deducting carbonate of calcium : 
66-33 19-34 3-73 

11-64 

8-96 

. . - 100 


It has therefore been converted into a mixture of laumontite containing only half 
(.f the original quantity of water, with carbonate of calcium and a small quantity of 

Laumontite likewise occurs more or less altered to orthoclase (C. Bischof, 
viilshfrga Minvrakhemie, p. 631; Lewinstcin, ibid. p. 997; Jahrt'sber. 1860, 

^ Cujtori’ianife (i. 741) is perhap.*! an altered laumontite — Schnnderiie, a xoolite from 
tlie gahln-o of Tuscany, and containing, ammling to Bee hi (Sill. Am. J. [2] xiv. 
64), 47‘79 per cent, silver, 19 98 alumina, 16-76 lime, 1104 injignesia, 1*62 alkali, and 
3-4 i water, is, according to Breithaupt, a decomposed laumontite. Berlin wgards 
tdilforaite (ii. 361), and similar minerals from Fahluu and Martenberg in Sweden, as 
deeuin posed laiiinontite.s. 

XtAUTRlIltZO ACZn. Ai^acid ohtaiiH*d, according to Orosourdi (Jahresbcr. 
1851, p. 602), from the berridjbf Laurus nobilis (p. 477). 

ZiAXIlRXC ACZB. C‘ ^|o. JjaurosUaric acid. IHchnrio OiddL 

(Marsson, Ann, Ch. Pharra. xli. 33.-Sthamer, ibid. liii. 393.— Odrgey, ibid. IxvI. 
303.— Heintz, Pogg. Ann. xcii. 429 and 683; J. pr. Chem. Ixvi. 1.— A. C. Oudo- 
inans, Jun., J. pr. Clicm. Ixxxi. 366.— Om. xv. 43.)— This acid, belonging to the 
H ries C-IP'-O*, occurs in the fat of the bay-tree, (Marsson) ; in the fat 

"f piehurirn beans (Sthaiiier); also in the volatile oil of these beans (A. Muller, 
.1. pr. Chem. Iviii. 469) ; in small quantity, together with many other acids, in sperma- 
eeti (Ileintz); in croton-oil (Schlippe, Ann. Ch. Phurm. cv. 14); in tbo fruit of 
Ci/rlicodnjdine sthiftra (Gorkom, Tydschrift af Neerl. Indie, Ixxxi. 410); in tho 
H»-ealled Lika bread, tho fruit of iog«*t!jer wjth niyrmtic acid, 

but unaccompanied by any otlier acids (Oudemans); in the age or axin of tho 
Mexicans, a sal vo-liko fat obtained from CWcms Axia (Hoppe, J. pr. Chem. Ixxx. 102); 
and in cocoa-nut oil (Odrgey and Oudemans). It may be formed urtilieially by 
he;iting etlml (cetylic alcohol) wuth potash-lime to 276® — 280® (Ileintz, Scharling). 
Aceonling to ileintz, it is produced only from mixed (crude) ethal, inasmuch as this 
substance contains lethal : 


C»»H«0 -t- KHO = C'HI«KO’ + 211*. 

But, according to Scharling, it is obtained from the etlml itself, C'*JI**0, which, ncc<^ 
iug to him, is decomtiosed by heating with potash-lime, in such a manner^ to yicia 
stearic, palmitic, myristic, lauric, and butyric acids. (Scharling, Ann, Ch. ibanil. 
xcvL 236; Hointz, Ann. Ch. Phann. xcvii. 271.) 

Brmaration,—\. From Bay-fat. Laurostearin from commercial oil of bay (p. 476)» 
i« saponiBed with potash-ley; the soap is separat'd by common salt, and its hot i^ueo^ 
wlution is decomp^ with tartaric acid. The lauric acid then to the sur^e in 
the form of an oil which solidifies on cooling, and is freed from adhering tartanc aciU 
by repeated fusion with water. (Marsson.) ... • • 

2. From Pichurim Laurostearin from i'atHt pichunm mq;. is 

^th potash-ley tiU a clear soap-jelly is formed ; common salt is added, and the 
brittle soda-aoap thus produced is dissolves! in lulling water, and suwraatoraW® It 
the boiling heat with hydrochloric acid ; lauric acid then rises to the snrfiice as a 
rolourieas oil, which on rooling solidifies to a white crystalline mass. It la freed fr^ 
hydrodiloric acid by repcdtid washing with water, and purified by repeated crysUlU- 
•at ion from weak alcohol. (Sthamer.) , , . t. i 

6. From Cocoa-nut of/.— The oil is saponified with weak poUish-by ; the HiMf 
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demapmed hjr dihtf6 Bulphafic acid, and the miTtare ^stilled as long as fatty v? 
pass aver, the water being repeatedly poured back. The distillate i^utralised 
potasbi BoUdiies on evaj^ratioD to a ^latinaus soap, which is separated bv comm^^ 

Salt, repeatedly dissolved in potash and again separated with salt, to free it 
fiitty '*“■*- — j j *runi ine 

aeta 

hamm ; me uquia strained oir ; and tne banum-salts wnich remain repeatedly boiled 
» water. The resulting solutions, as they run from the funnel, immediately'^detwHit 
» flocks of laurate of barium, and the liquid, as it cools down, becomes turbid^ and 
MBits pulverulent caprate of barium. ^Gorgey ; see also Prep, 6.) 

S*^From 8permcu:€ti.—ThQ saponification of this substance yields, besides ethal 
oonsidorable quantities of stearic, palmitic, and myristic acids, and smaller quantities 
of lamic acid.— The solution of 10 lbs. of purified spermaceti in 30 lbs. alcohol is 
boiled for some time with lbs. caustic potash previously dissolved in alcohol • the 
soZutioh precipitated with aqueous chloride of barium, and strained while hot’; the 
.4^ residue pressed as strongly as possible in a warmed press, then ’wrll 

with alcohol and again pressed ; the alcohol distilled off from the solutions- 
^ rciidtte freed from the whole of the soluble matter by repeated treatment with ether • 
'ftOd the portion insoluble in ether added to the barium-salts previously obtained. In 
tj l^ y ia h aCr are obtained, on the one hand, crude ethal ; on the other, the barium-salts 
ciip«-f(|tty acids of spermaceti. 

.. ; the barium-salts suspended in water are boiled with very dilute hydrochloric 
, till the supernatant oily layer appears perfectly clear; the fatty acids thus 
WMued are dissolved in alcohol ; the solution is left to cool ; and the crystals which 
^feparate are pressed, first alone, then several times after being moistened with 
ali^bol ; whereby a mixture of palmitic and stearic acids is separated, wliile a 
portion of these two acids, and the whole of the myristic and hiurie acids, ’remain in 
solution. 

The whole of the mixed alcoholic solutions are heated; a concentrated aqueous 
solution of acetate of magnesium is added, so as to precipitate about of the quantity 
of fatty acids present; the precipitate wliich forms on cooling is separated l»y filtra- 
tion; acetate of mtignesium added to the filtrate in about the same quantity as before, 
1 ^ the same treatment repeated (the liberated acetic ac-id being neutralist d towards 
end with ammonia), till acetate of nuignesium no longer forms any precipi- 
tjte even in presence of excess of ammonia. In this manner a number of magm*. 
slum-salts (It)) arc obtained, from which stearic, palmitic, and myristic at ids 
be separated by processes to be hereafter described in connection with these 
acidw. 

The alcoholic solution, from which everything prccipilable by acetate of magnesium 
in presence of excess of ammonia has been tlms removed, still retains lauric acid, 
together with myristic and oleic acids. It is precipitated with acetate of lead; the 
precipitate is washed with dilute alcohol, dried, and freed from a small quantity of oleafe 
of lead, by treatment with ether; and the umlissolved portion is decoinposed by 
prolonged and repeated boiling with very dilute liydroclilorie acid, whereby a mixture 
of acids melting at 39*7® is sepanUed. Jly repeatedly crystallising this mixture from 
alcohol, as long as the separated acid exhibits a rise of melting point, lauric acid is 
ultimately obtoined, melting at 43T) , and not capable of further decomposition by 
partial precipitation with acetate of barium, while myristic acid remains in solution. 
05intz.) 

From spermaceti or other fats containing lauric^acid, provided they are free 
t oleic acid, or this acid has been removed by th^ process to be described below.— 
The fat is saponified with alcoholic potash ; the ftt^ acids are separated from the 
ethal or the dycerin, as above described, and disso^J in 10 pts. of hot alcohol; the 
solution is left to cool slowly in a cellar ; and the fatty acids which ciystallise out are 
separated by filtration and pressure. The mother-liquor is diluted with an equal 
quantity of boiling alcohol and supersaturated with ammonia; acetate of magn^um 
ft added in excess to remove a certain portion of the fetty acids ; the alcoholdistilled 
off from the filtrate ; the remaining salts decomposed by boiling with dilute hydio- 
ehloric acid ; the separated acids re-dissolved in a quantity of hot alcohol sufficient to 
rmin them in solution pffler cooling; and a concentrated solution of acetate of 
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equal to about A of the weight of the fatty acids, ia repeatedly added, as lonj 
reby formed on cooling. The wrecipitates last obtained^ 


separately decomposed l^lioiling dilute hydii 
acid, and eadi portion of acid thereby Hberated, whose melting point lies abbiBSI'fl 
ft separately and repeatedly crystallised from dilute alcohol, tiB its melting poil^ lua 
risen to 43 * 6 « (Heints.) 


^ decomi 
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ff the hi eentiiitoe oleld acid, it is eapoiiifted, the ihtt^ add hi eelMMed end ittel 
with a ediall qiiantitj of hot alcohol, and the aoUd pomooe ate tethovedby irtihttkittthit 
the cooled maaa to pieseoie. The mothe]sli(raor(t<%ether with the alcohol UM fbt 


jnerKirated fatty acids are treated as al>ove (H e i n t z). In this manner, pnre laurle idhi ^ 
is easily obtained from cocoa-nut oil (which, according to Oudemans, doea not eosi^l 
oU'ic acid). If the acids dissolved in alcohol bo precipitated in small portiont 
acetate of barium, the first portions contain palmitic and myristic acids; and iVolh ^bt ■ 
remaining liquid, lauric acid may be obtained by repeated fructioDal precipiUtidl^ ' 
bv crystallisation in the cold. (Oudemans.) > ■ 

’ I^^pertieB. —Lauric acid solidifies after ftision to a scaly cn'staHine mass, ejtldbltil% 
a laminated texture on the fractured surface ; from aliHihof, in white, silkv nosdlsa^ 
«nit<Hl in tufts, or in prickly glandular scales. It melts to a colourless oil 
(Ileintz), 42°-43° (Marsson, Gorgey), 43® (Stliamer), 45® (Muller), 
(Schlippe), 43'6 (Oudemans). The alcoholic solution has a slij^nt acid :! 

,Sj)ci'ifie gravity 0*883 at 20® (Gorgey). When boiled with water it volatilisoilrillit 
the vnismr. (Gorgey, Oudemans.) 

It is insoluble in wattr, but dissolves cjisily in alcohol and in rihtt. ' 

IIv the distillation of its calcium -salt, lauric acid is resolved into laurostearoil^lktMl!^ 
carlionate of calcium. (Overbock): 

2C'*H*<0» « C^H«0 + CO* + n*0. 

Xiaaratea. Jjaiiric acid is monobasic, the general formula of its salts being 
M( 'M1«‘0*. and M''(C«*H«0*)*. 

'fhe barium-salt , Ba'\C‘*IP*0*)*, is prepared as above dtscribed (p. 474), and cry- 
stal lines on ceding from a boiling saturated aqueous solution in snow-white fiakes. 
riui haturated alcoholic solution becomes filltKl, on cooling, with delicate crystalline 
njariglcs, which, after drying at 100°, resemble capratc of barium (Gorgey). It is 
wetted by alcohol and ether, but rot by water (Gorgey). Dissolves in 10,864 pta. of 
\vat( r Jit 17*5°, in 1982 pts. boiling water, in 1,408 pis. cold and 211 pts. hot alcohol 
(<j tirgey). DocompoFCs before melting. (Ileintz.) 

'I'he is a white precipitate, obtained by mixing the solutions Of Isuxit^ ^ 

)f s'xlium and chloride of c/ilcium. 

Tile A forms a snow-white, loose, nmorphouspowdpr(n ei nts)> 

taniiiife, having a baiutiful nacreous lustre (Muller). It melts between 110® and 
rjiT, and solidifies to a dull, amorphous mas.s (Ileintz); molts below 100° tO^^H 
enhiurless liquid, which solidifies in the crystalline form on cooling (MUller). :lt lb 
iuh'tluble in water; insoluble in cobl, sparingly solubb* in boiling alcohol. (Mullsf.) 

The cojrper-salt, Cu"(C'*H”0*)*, is obtained by preeipitating the hot alcoholic solution 
of the .aqueous sodium-salt with aqueous sulphate of copper. 

'i'lio silver-salt, AgC'*H**0*, obtained by precipitating the solution of the sodium- 
salt in weak alcohol with nitrate of silver, is a white powder, (•()ii«isting of slender 
niiiToscopic noodles (Ileintz). It dissolves easily in ammonia, and crystallises from 
the hot concentrated solution in very small necslles (Marsson). Jt is scnrc« ly or not 
at Jill altered by light, but docomposos before fusion when heated. (Hointz.) 

The sodium-salt, NaC**lI**0^ prepar«-<l by nearly saturating a boiling solution of 
pure carbonate of sodium with lauric acid, evaporating over the water-bath, dissolvi^ 
the remaining soap in alcohol, and evafH>rafing the filtrate to drynt'ss, foimis a whij^^ 


fowder, whose alcoholic solution solidifies on cooling to a white opaque jelly. 
a<i|ueous sohilion becomes turbid when largely diluted with wat4*f. 

XiAintXO BTBmUI. Lauratc of Kthtj!, isi>repare<l liy pasaing 

hydrochloric acid gas into an alcoholic solution of lauric acid, abiding water, whien 
separate* the ether, washing first with alkaline, then with pure waUir, and diying over 
t-hloride of calcium. It is a colourless oil, having a fruity odour and sickly taste. 
Specific gtavity 0*86 at 20® (Gorgey). • Crystallises at 10®. Boils at 269®, when the 
^^iwmeler iUnds at 760 mm. (Delffs); at 264° with partial decomposttioo. 
(Gorgey.) 

Vapour-density by experimemt 8*4 ; by calculation (2 voL) 7*9. ^ ^ 

lautaU of Qlyceryl,oeLauro8tearin. C*1I**0* [otfkther, perhaps, 

- 1 0«] This fiitlgr hoAj is found in the berries of the sweet bay-tiM 

(Mara son); also In cocoa-nut oil (Gorgey), and in pfchurim beaaa. 

(Bt hatter.) 

1. Fnm the berries of the Bay-tree.-- These berriee are treated with 
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I^iling alcohol; the solution is filtered hot; th,e ciystals of impure laurostearin which 
.y'-' on cooUng ure melted over the wnt^rl^h ; the liouid thus obtained is filtered 

V t^OrJ^paj^ substance which UOOompaQ^ It; and the renmining laurostearin 

repeated crystallisation from alcohol. It is thus obtained ^rfectly pure 
Oil of Bay , — The oil is exposed to sunshine on porcelain plates 
with shade^ whereupon the gr^n colour soon disappears, and brown 

« )S of littostoarin separate from the mass of fat melted py the sun’s heat; 

leparated By filtration, dissolved in alcohol, and obtained of a pure white by 
D dr by precipitation with water. (Bolley.) 

Bichurim beans {Faba pichurim major .). — The beans are exhausted with cold 
hich extracts volatile oU, pichurim-camphor, resin, a buttery fat, and a brown 
natter); and the exhausted beans are boiled with alcohol of 81 percent., 
d between hot plates. The expressed liquid, as it cools, deposits pale yellow 
n, only a small quantity of that substance remaining dissolved in the alcohol. 
^ ed by washing with cold alcohol, pressure, and recrystallisation from ether- 
alcohol. {Sthamer.) 

L|prostearin forms white needles having a silky lustre, melting at about 44°, spar- 
ingly soluble in cold alcohol, moderately soluble in boiling alcohol, very soluble in 
ether. By dry distillation, it yields acrolein. When treated with alkalis, it is resolved 
into glycerin and lauric acid. 

Laurostearin gives by analysis 7319 to 73-53 per cent, carbon, and 11-45 to 11-68 
hydrogen, agreeing nearly with the formula (calc. 73-97 C, 11-41 II, and 

X4‘62 0), according to which, laurostearin contains the elements of 2 at. lauric acid 
1 at. glycerin -• 3 at water : 

2C'*IP^0* + C»I1"0> - 3IP0 =- 

This, however, does not agree with the constitution of the normal glycerides (ii. 878), 
Perhaps, therefore, the true formula may be C‘UP*0'‘ = 20'‘1P‘0* + C^IPO* — 2H‘0»» 

(fimT ) 

b*H“0)no*. 




SbAintZlKra Bay-herry Camphor . — Asubstance discovered by Bonastre (J. Pliarm. 
‘’'at. 82) in the berries of the bay-tree, and further examined by Marsson (Ann. ( li. 

fB a^rm. xli. 329) and Delffs {ibid. Ixxxviii. 354). It is pn^pared l)y boiling the 
Itied and pounded berries with alcohol of 85 to 90 per cent, filtering at the boilin;: 
lid leaving the liquid to itself for several days. Laurostearin is then first dep^- 
and on filtering again and leaving the liquid to evaporate, lauriii is deposited in 
s contaminated with a viscid oil, from which they may bo fretHl by pressure 
n paper and recrystallisation. 

fin forms crystals belongiiig to the dinietric system, destitute of taste and smell, 
N^Wi^luble in water, very soluble in alcohol, even in the cold— also in ether. The sola* 
are neutral to test-papers. Laurin does not dissolve in alkalis. 

V^vAccording to the analy.sis by Dellfs, laurin contains 7C^— 77 1 per cent, earlnjn, ami 
86*02 hydrogen, niimbere agreeing approximately with the formula C'-’'-’IP”0*. 

Laurin cannot be distilled without decomposition. Its alcoholic solution is not 
precipitated by acetate of lead or nitrate of silver. 

KAUROITB. C"IP*0 = /.awro.s/mrowe.— A substance produ^ 

bv the dry distillation of laiimte of calcium. It crystallises from alcohol in shining 
plates, which melt at 66®. It becomes electric by friction. Gives by analysis 81-42 
and 81*04 per cent. C, and 13-82 — 1410 H, agreeing dearly with the preceding formula 
(81*66 C, 13-61 H, and 4*74 0), which is that of j(he acetone of lauric acid. (Over- 
beck, Pogg, Ann. Ixxxvi. 691.) 

SbAUHOSTBABZir. See Laurats of Glyouitl (p. 476). 
aUkVKVS OAMBBOBA, OZXi OF. See I 729. 

BAVltirs VOnTLIB. The Surct Bay-tree.— The fruit of this tree has been 
analysed by Grosourdi (J. Chim. mM. [3] vii. 267, 321, 386; Jahresber. 1861, p. 662). 
He finds that, in the fresh berries, the pericarp constitutes nearly a third of the entire 
weight ; the kernels, freed from epieperm, make up more than half the weight of the 
r /SjJjeC; and the ©pfsperm amounts to rather more than ^th of the weight of the fresh 

I ' ^ 100 pte. of the dried berries yielded 0*86 silica, 0*12 carbonate of calcium, 0*12 OXtdeJ 
of iron and manganese, 0*63 carbonate of potassium, 0*07 sulphate of pptfi||irinin| 0*1 v 
chloride potassium : in all, 1*76 per cent ash, * 

The composllion of the entire frchh SpijyaMikarp and kernel (eotyle ml HCTy^ 
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Watef .... 
8tar(^ .... 
Ligniii . . . « 

Oil of kernel# 

Oil from periiBaip . 
8t*^arolaiiriii ^ 
Stearolauretin 
Pectin or Poetic acid . 
Resin . . . • 

Pha*o8in or Phoosic acid 
Jijiurin .... 
Un crystal I iaablo sugar . 
I.Murt‘tin 
Ijum*tic acid 
Albuminous matter 
Colouring matter . 
Volatile oil . 


jAiurelic acid was obtained by treating the pericarp with water, precipitating th# 
fxx'tin with alcohol, evaporating the alcoholic liquid, dissolving the residue hi watefi 
pnripitatiiig the aqueous solution with nitrate of lead, and decomposing the pijecipitat^ 
wit li sulphydric acid. 

SUnrolaurin (? identical with lanrostearin) is the solid fat. which gradually acpar#ta« 
at 10^^ from the warm-pross<‘d oil <»f the pericarp. — P/ueasin or Phtposic arid is a brown 
Hub-tance extracted by carlionato of sodium from the pericarp, exhausted euccesuively 
with water, alcohol, and ether. 

XJLVA. See Volcanic Products. 

XJkVmvnBRf OXB of. Lavender (Lavanduia Spica, L.) yields a y#nowi«k' ^ 
vul.-itile oil, having a strong but agreeable odour, and an acrid aromatic taiito. 
r. ddrnM litmus, niul contain.s, in variable proportions, a erystalline substance having 
cniuposition of common camphor (Dumas). The lupiid jx>rtion of the oil ap|5«WM 
be mainly com|K)sed of two substances, one of which has the composition iftll 
turpentine. (0 erh ardt, 7Va/^<'', iv. 3.36.) * a 

ZiAVBirOU’X.AKr. An amorphous mineral from Annaherg in Saxony, jf 
:i[.pe:trs to be ail arsenate of coVialt, mixed wdth the ar.senat»<8 of nickel and coppjM 
b.is a greasy lustre, inclining to vitreous. Hardness — 2'/> to 3. Specific gniv[* 

3014. ('olour lavender-blue. Streak paler blue. Tnuislucent. bractiiro col 
<)al. Melts easily before the blowpipe, eolouring the flame blue, and bt^coii 
cry>talline on cooling. (Rreithaii{it, J. pr. Chem. x. 603.) 

XtilKirXiXTS. Azuritc. Azure-tiPme. lU\u Spar. Voraulitr. Klaprothin.-^^ 
liydrat<il pho.‘iphate of aluminium, miignesium, ami iron, occurring in monoclinic 
I'vrainids, witli truncated summits and several seconilary faces. 3 lie ineli/icd axes mak# 
an angle of 88® 15'; and the principal axes, ortliodiagonnl and elinodiagonal, are to one 
another as 0 86904 : 1 : 1 0260. Anglo ooP : aP =» OP 30'; oP : Pco « 130® 46. 

Dbsm-ed faces, + 2Px , -2P<», - 2P, oP, + 2P. -P, and others. Twin-cr^stali 
alxi (Kicur with face of composition oePoo. Cleavage lateral, indistinct. lh# nun#nil 
also occurs massive. v 

Hardness = 6 to 6. Specific gravity =» 3 067 (Fuchs); 3067 to 3’121 (Prtifer); 

3 1 22 (8 m i t h and B r u s h). Lustre vitroous. CVdour nzure-bluo, commonly of a lino 
desm blue when viewed along one axis, and a pale greeiiislpblue along another. ^ 

\^en heated in a tube, it gives off wntor and (urns white. Before the blowpipe, it 
colours the flame faint green, swells up, becomes tumid, but docs not melt ; gives a 
fine blue colour with cobalt solution. 






ttyna 

two analyses (Ram melsberg' /oc. cit.).-^d. Dark blue from Sinclair (Jounty, No^li 
^ *" ‘ Brush, Sill. Am. J. [2] xvi. 366). 


Carolina (Smith and 
p*o» 

44 16 
. *'- 42*70 

. 4«*76 


Al*0» 

MgO 

FeO 

CsO 

33 14 

12*62 

1*77 

1*63 

36*60 

964 

2*70 

. . 

32*60 

nwr 


Ml 


H*0 
688 « 
619 - 
6*04 -* 


100 

97*66 

100 

99 ^ 


% 




"1 


i;3(Mg;Pe)^0.P*()»i 
pzoportiOQ of iron than th« 


y-^kto, in the torrent boda of 
||l":KaltBbuig, iBUid the other localities 
,ra«i,lpil It CicwdW, 


S7hlthoI,Pb, Atomic 


^ : thn#® nnmbtra 

The darker T 

Ugh^ rnriotief. 

LaknUte occurs in narrow veil 
' R^elgraben, hear 

stove mentioned; also at Tijnoo jin Min; 

Mimpt, Lincoln County, Nq^ CarolinatVJ(l)ana,^ 405.) 

Synonyms: Biei; Blomh ; Pluml>um; Satumum, 
weigl^, 207. ^ 

wtal does not often occur in nature in the metallic state ; but of all the in. 
inan^ in which it is recorded to have been found native, the most trustworthy am 
in which it was discovered among volcanic products. 

^ The colour of lead is bluish-groy ; and when it is cut, the fresh sur&ce has eon- 
•iderable lustre ; but this brilliancy disappears in a short time, in consequence of the 
formation of a thin crust of suboxide. 

The I^d of commerce is nearly pure, as shown by the analyses given at p. 504 ; the 
impurities, often present in very small quantities, are silver, copper, antmiony* and 
sometimes iron and manganese. 

Lead is very soft, is easily cut by a knife, and may be scratched by the nail. It 
readily receives impressions, and leaves a streak on white paper. It is very malleable and 
ductile, and is capable of being rolled into thin sheets or drawn into wire. It occupies the 
sixth rank among metals as to malleability, and the eighth rank as to ductility. Rolled 
lead *8 more ductile than cast lead, in the proportion of 7 to 6. Its malleability and 
ductility are much affected by the j^>rescnce of impurities, especially by the oxide of 
lead, which it dissolves in small quantities in the melted state. 

is very deficient in tenacity; a wire ^ of an inch in diameter does not support 
In this respect, rolled and cast lead are precisely alike; but with the latter, 
5cture takes place at once, and the ends are clean and granular, 
d begins to melt at 325® C., and is completely fused at 335® C. (635® F.); at a 
kt, it gives off vapours. At a temperature of 50® P., it loses *005 of its weiglit 
’tarcoal-lined crucible, which increases to *09 as the heat rises to 160^ P., 

1 galena loses 3*71 per cent. 

^Uises in re^dar octahedrons. Mongez obtained it in four-sided pyramids 
||.cooling; and Marx procured it in fern-like forms, similar to those in which 
pioniac crystallises, by allowing a considerable quantity of melted lead to cool 
half had solidified, then piercing the crust and running off the fluid portion. By 
^^^otro-cheraical action of zinc in a solution of acetate of lead, it is deposited in an 
form, known under the name of Saturn's Tree. Landrin states that, in 
,.1826, he noticed, in a deep mine in Cornwall, cubical crystals of load which had Ixm 
^posilB&d on the miner’s tools, and had been entirely oxidised. The presence of silver 
interims with the crystallisation. 

Load emits a dull sound when struck with a hammer; but when cast in the form d 
a mushroom, it becomes sonorous. 

The specific gravity of lead is, according to Kupffer, 11*3305 ; Brisson and Hem- 
path, 11*352 ; Morveau, 11*368; Karsten, 11*3888; according to Berzelius, when iu a 
State of purity, 11*445. 

Its specific heat, according to Cooke, is 0*031400. It is an inferior conductor of 
heat and electricity. 

Lead is pyrophoric in a state of fine division. It is usually obtained in this state 
by heating tartrate of lead in a glass tube as long aq any fumes are evolved, when the 
tube is sealed by a blowpipe. On breaking the tube after cooling, and scattering the 
powder in the air, it will burn with a red flash. / 

When lead is melted in contact with the air, surface is rapidly coated with an 
iridescent pellicle, which then passes into a yellow oxide. When the temperature is 
high enough to molt tlie oxide, it is absorbed by the lead, which loses its lustre and 
ductility : it becomes brittle, and all the faces of the fracture are dull. It recovers all 
its original properties by refhsion with charcoal 

The action of air and water on lead has been carefully studied by Prof. Miller, from 
whose account of their combined action we give the following particulars : — This metal 
undergoes no change in a perfectly diy atmosphere, nor when sealed up in contact inth 
•.pure water from which the air has been expelled by boiling. It is, however, subjeci 
to a powerful corrosion when exposed to the combined action of air and purs water. 
The surfiMe of the lead then becomes oxidised, the water dissolves the oxiae, and this 
when a film of hydrated carbonate of lead, 2 PbHOJPb*CO', 
^ in silky scales. Another portion of oxide is formed, whidi is duMlved by 
^ and’thus a rapid corrosion of the metal ensnes. This action is materially 
I .udicn various salts exist in the intter, even when their quantitjr 4®^ 




Wi' 


3 or 4 «!«• in tho 

ehloridM and iiitrat«i8» bat dill 
of lead beiof aoan»lT oolobMa 
note of Umoli rema^ble for its 
sence of thia aalt iamoat apriag 
a film of oaxboMte of lead beingi^^^ 
it fWMtt ftwther aatitwu 
The oetioa of iMifr oa lead ie Tery inipoitant ia a sanitary point of Tiew, aa this 


la inoimed by tiM |K0i4iib^ 
osphatea, and carbonatoaUM oadlo 
•66 salts in solution. Aeidoairbo* 
enoe; and in consequence of th« pra* 
aobaci on lead to any serious aiteati 
the OUf&ee of the metal, and proteoling 


its action on the metal. The most insoluble salt of lead is the hydrated oxyearbonato 
(p. 478) which is only soluble to the extent of al>ont 1 pt. in 4 millions or oue-siaitieth of 
a grain per gallon of water. When a solution of lead is exposwl to tlxe air, silky Ofystils 
of this hydrated oxyearbonato are formed, and in a few hours the water does not con- 
tain more than ^ of lead in solution. Water, however, which contains much 
carbonic acid in solution, is very dangerous, as it dissolves the carbonate of lead. When 
such water is boiled, the carlionic acid escapes, and the carbonate is deposited. Water 
has generally so much actiou on lepid, that shite cisterns are much safer than those 
made with lead. 

The nan-oxidmng acids do not act upon lead, except when in contact with the air, 
as already explained in the case of carbonic acid. Kitric acid easily acts on lead, even 
in tlie cold, forming prott)xide. which is then dissolvtHl. i^trym^sidphuric acid converts 
l)i«‘ lead into sulphate, when the acid is healed to the lx iling jH>int. Hydrochloric acid 
has little or no action, but aqua regia eonvjTts the lend into chloride. When arsenic 
or (irscnious acid is heate<l with lead, arsenite and arsenitle of the metal are formed. 

Load is readily oxidised by cupric oxide, wliich is at tlie same time reduced 
state of cuprous oxide: it also partially reduces the cuprous oxide, but the 
h ad which is formed retains a portion of the oxide of copper in combination 
vetits any further action on the metallic lead. ^ 

yUre acts rapi<lly on load at a high tenip'rature, forming a fusible comrajl^H 
protoxide of lead and potash. The acid sulphatts also oxidiho this metal; 
neutral sulphates and the alkaline earlKmates have no a<*lioii. JBHP Ij jI 

Sulphur, Hthiiinm, pfutsphorus, and arsmic combine din'ctly with lead. 

I/«*ad also alloys with most of the metals ; but only imperfectly with copper, 
uranium, cerium, cobalt, nickel, and iron. 


Extr.\ction of Lrad. , 

BlstiOrlcal JVotioes. The most abundant and valuable ores of lead pos ses s SO' 
niany prop<‘rtie8 likely to attract the atfoutiou (»f uiiciviliHO<l nations, that it *^8 not 
sut|. rising to find early mention of this iiu tal. Some authorities think that tillmiion 
is made to its mctallur;^' in the Hebrew wonl ophrr, in reference to the powder pr<> 
diux'd by the formation of the oxide on nmlton lead. The curliest mention of lead is 
in the well-known p;uisago in the B<x>k of Job; and it is again named as one of th# 
spoils takan from the Midianites in the B*»<*k of Numbers. It is also probable tlist 

f alena was used as a glaze for earthenware in the time of Holomon, f*^wi the notice in 
V»verl>s xxvi- It was also one of the articles in which the l^htenicians tnwled, and 
which they may ha(|B obtained, in part at least, from this com.try. It was used in the 
hanging gardens ot^abylon, the level of each ternicc being covered with sheets of solid 
lead. 

The Romans also worked the ores of this metal both in Spain and in this country. 
In the former countiy, the extent of the Carthaginian mining and smelling ojHjrations 
excite our surprise in the pw^sent <lay, and the slags left l>y them have l>eeii n?-smelUHi 
on a large scale within the last twenty years, while leiwi cast in Roman moimls , 

in fact, of the age of Hadrian and other emperors— have b<‘en found in Flintshire, 
Yorkshire, and other localities. , 

The methods of obtaining the lead from its ores have not undergone any great cimnge, 
tlie smelters having adopted the reverberatory or blast furnace as they found th e one 
or the other more suited to the character of the ores of each locality. The one gfsat 
improvement in the metalluj^c treatment of this metal is I’attinson’s desilvensing plan, 
which has been followed by the softening process for the hard leads of eommerce, «s- 
pecially those of Spain; and we may remark that the only other addition to the aocieol 
method haa been the oondenaation of the lead fame. 

Oroa ©f &©ad« Lead is seldom foumi native, but there ' 

twenty ones of this metal known to the mineralogist. Those of practicid 
bowever, are very few in number, and all the lead of commerce may be is^ !#%• 


procured from Are minerals, viz. the carbon at«iitulphjkte, phosphate, arsenate, 
4ind the sulphide, the latter ore furniislung mdre.of this metd than all the others. 

Sulphide of Lead, or Galena, is found in the iiSdelr and more recent strata, and more or 
less, in every country of the globe. It occurs in veins in the killas of Cornwall, and in 
the mountain limestones of Derbyshire andthe northern counties. In Cardiganshire and 
Montgomeryshire, it occurs in the strata of the lower Silurian rocks ; and the chief de- 
posits of the United States are fonnd in the rocks of the same geological ago. It fills 
veins in gneiss in Saxony ; at Sala in Sweden, it is found in granular limestone. 


Analyses of Galena. 


Locality . 

Lauenstein, 

Hanover. 

Prxibram 

Bohemm. 

England. 

Inver keithing, 
Scotland. 

Analyst . 

WoBtrumb. 

Lerch. 

Thomson. 

Robertson. 

Lead 

83 00 

81-80 

83-61 

85-13 

84-63 

Silver 

0-08 





Iron 

, , 


, 

0-50 


Zinc 

, 

3-59 

2*18 



Sulphur . 

16-41 

14-41 

14-18 

13-02 

13-21 


99-49 

1 

99-80 

99-97 

98-65 

97-84 


Sulphide of lead occurs also, in combination with the sulphides of antimony and 
ctmper, in the minerals Geocronite, Boulanger ite, Jamesonite, Boumonitc. 
iljfpmrhonate of Lead, or Cerusite, occurs in crystals, and in fibrous, compact, and 
earthy masses. It is frequently found in lodes, and sometimes in beds in sedimentary 
limestone, generally associated with galena. It is worked in quantity near Aix-la- 
Chapelle, and in the neighbourhood of Santander in Spain. It is also found in tlio 
mines of Cornwall and Devonshire, in yorkshire, at Loadliills in Anglesey, and at 
Seven-Churches in Wicklow. 

Analyses of Cerusite. 


^ Locality. 

LeadhilU, 

Scotland. 

Ncrlttchinsk. 

Griesberg, in 
the E(fel. 

Oberlahmtcin, 

Nassau. 

Analyst . . • 

Klaproth. 

John. 

Rergcmann. 

Wild CD stein. 

Oxide of lead 

Oxide of iron 

82 

81-4 

83-51 

83-64 

Clay .... 
Water .... 


• • 

i • • 

• • 

Carbonic acid 

16 

1*55 

16-49 

16-36 


98 

96-9 

100-00 

100-00 


Locality . 

Benkhausen, 

Westphalia. 

Phoenixville, 

Pennsylvania. 

Vans^ 

FranW. 

TcesdaU, 

England. 

Analyst . 

Schnabel. 

Sm 1 tb.* 

Berth ier. 

Phillips. 

Oxide of lead 

83-93 

84^ 

66-0 

83-50 

Oxide of iron 

, 


2-3 


' C\a.y . . . . ’ 

. . 


16-3 1 


Water .... 

. , 

. 

2-2 


Carbonic acid • 

16-07 

16 38 

13-0 

16-60 


100-00 

101-14 

988 

mm 


Carbonate of lead is also found, with other salts of lead and copper, in the minerals 
Cravnfordite, Susannite, Lamrkite, Calcedonite. 

Swphate of Lead, or Anglesiie, is found in cavities, but more generally in lodes 
associated with ^lena and carbonate of lead. It occurs at Leudhills in Scotland; 
^ Cornwall iml Derbyshire ; in the Channel Islands ; in Spain, Germany, France, and 
iimetica. ^ 











The eompofritioo of this minerat !• gjven In Uie Mowing analysee ; 


Locahty . 

Aagieug. 

WaniockAeoA, 
Lead Hiiii. 

ZeUet/feld, Marta. 

Analyst . 

Klaproth. 

Stromsjer. 

Oxide of lead • 

71*0 

70‘60 

72*46 

Oxide of iron . 

10 


0*09 

Oxide of manganese 

. . 

, , 

0-06 

Water . . 

2*0 

225 

0*61 

Sulphuric acid • 

24*8 

25*75 

2609 


98*8 

98*50 

99-21 


Sulphate of lead also occurs combined with other salts, in the form of Ldnarite, Cole- 
donite^ LeadhUlite, 

Ph^haU of Lead, or Pyromorpkite, occurs generallj at the upper parts of lodes, less 
frequenUy in layers, and al^ usually associated with other ores of lead. There are 
three classes of this ore, viz. such as contain only phosphoric acid ; secondly, those 
containing both phosphoric and arsenic acids; and lastly, those containing lime and 
fluorine. ® 

The composition of some of the ores of the first class, is given in the following Table : 


Locality . 

Leadhilli. 

PotdUtouen. 

Krantberg. 

Beretov. 

Analyst . 

Wohler, 

Karsten. 

Sandberger. 

Struva 

Chlorine . , 

2*62 

2*63 

2*67 


Load 

7-39 

7*66 

7*80 

7*40 

Oxide of lead . 

74*60 

74*15 

73*22 

73*36 

Phosphoric acid 
Oxides of iron and^ 

15*59 

15*76 

16*94 

15*82 

chromium . ( 

• • 

• • 

• • 

0*59 


100*00 

100*00 

• 99*63 

99*71 


This ore is found at Leadhills, and in Cornwall; at Wicklow in Ireland Tat 
Phoiiiixville, in the United States ; and many other localities. 

Arsmafe of Lead or Mimtesite is met with in large quantities at Urygill, in Cum- 
hcrlaiul, and has been used in the manufacture of flint glass, to which it imparts great 
bnllianey. It is found at Redruth and other Cornish mines; at Beeralston in Devon- 
shire, and in America, Siberia, &c., generally occurring near the outcrop of the veins. 

J here are three classes of it, similar to those of the previous ore. The following is 
the composition of a specimen of the ore which contains arsenic acid, analysed by 
Durgemaun : 


Oxide of lead 
Arsenic acid 
Chlorine • 


From Blancn, Mexico. 
. , 74*96 

• . 23*06 

• • 

100*46 


The other ores of lead will be found described in these volumes under their respcc* 
tive mineralogical designations. ^ 


MataUttrgloal TreatxneBt of ttio Oreo of load. The diflTerences in the 
nature of the ores of lead, the peculiarities of the localities as to labour, fuel, See., and 
thj- application of the lead afterwards, bare all tended to modi fr the metallurgy ofthta 
Valuable metal. It would hare been more satisfactory to have described all the . 
plans in detail ; bnt as this would be inconsistent with the limited space which 
\>e devoudto a metallurgical subject in these volumes, we must confine this article 
w an account of some of the methods adopted for extracting lead from its ores. 

snow arrangements might also be pursued in this account of the smelting of lead 
IT prefer the following, in which we will describe—I. Reduction of the Ores, 

Lead. IV. Smelting of the Slags 
other ProdnetM. V. Condensation of the Lead Fume, ^ 


Mm XedMtton of lead Oroo. 

All the orn of lead may be arranged in two classes in respect to their metallurgleal 
vi*. the sulphur and oxy^n compounds of lead, and again is to the nttft 
^maeea employed in their reduction, viz. the reverberatory and the bbet flmis^ 
UL II 







4^2 LEAD. 

1, Thb Ebduction of Sulphur Orbs ik Bbtbrbhbatort Fubwacbs, 

The sulphup ores of lead are treated after two different systems in the reverberatory 
furnace, which have been distinguished by Phillips as the nfiethod double decomj^aim 
tion and the process by affinity, and these again differ in the details as practised in 

this country, in France, and in Germany. ^ .. * 

The first plan depends upon the reaction between sulphide of lead and oxide of lead, 
as shown in the following equation : 

PbS + 2PbO - SPb + SO*: 

or upoii the double decomposition when sulphide and sulphate of lead are the coaeti- 
tuents of the mixture, thus : 

PbS + PbSO* = 2Pb + 2SO». 

This process consists in roasting the galena in a reverberatory foraace, ptil a 
portion of the ore has been converted into oxide and sulphate of lead ^ it may 
he nerformed either in a distinct furnace, or in the smelting furnace where the subse- 
quent fusion is effected. The following table of analyses of roasted ores, from different 
localities, illustrates the above remarks. 


Analyses of Roasted Galena. 


^ JLiOcality . 

Pexey. 

Uolxapfel. 

Pontgibaud. 

Oxide of lead 

Sulphate of lead . 
Sulphide of lead . 

Oxide of iron 
„ zinc 
„ manganese 

„ antimony 

„ copper . . 

Arsenic acid 

Sulphate of baryta 

Silica . . . . 

Lime, &c. . . . 

18 

86 

10 

35 

19 

4. 

6 

27 

2 

* 7 

31*0 

8-0 

11*8 

90 

30*2 

io'b 

62-6 

8*0 

13*0 

90 

04 

14*0 

3*0 

16*9 

12*1 

21*3 

21*6 

1*0 

19*8 

6*2 

62*9 

4*9 

3*7 

07 

23*9 

31 

114 

100 

100*0 

100*0 

98*9 

99*2 


When the roasted ore has been thoroughly mixed, the doors are closed and the fires are 
set away. The reactions above explained then take place, wheii the lead is separated. 

This process is applicable to the ores which are comparatively free from silica and 
earthy impurities, and is generally adopted in England. 

The process by affinity consists in fusing the ore with iron m some form or otner, 
when, the iron combining with the sulphur, the lead is eliminated : thus, 

PbS + Fe = Pb + FeS; 
and this plan is better suited to the impure ores of lead. 

a. Method by double Decomposition, 

English Process.-^ Rcuetberatory Furnace cbnsists, as usual, of thrw essential 
parte, the fireplace, hearth and chimney. The ^ 

Ftg. 689. '^here a represents the grate; b, the 

of the fireplace ; c, the fire- 
bVidge; d, the arched roof; e, the 
hearth ; //, the working doore; g9* 
fiues running into one main flue 

leading to a condensing-chamber 

and chimney. 

The hearth is hollow or funnel- 
shaped, to facilitate the descent of 


the lead to the lowest 
or hearth, as it is c^ed, i 
These slags are run into a 
the proper shape by means 
the fire-bridge than ftum tl 
iiction of the heated air. 


in the bed of the furnace. The bottom ol these 
built of bricks, which are covered with a layer of sW* 
emi-fluid ubndition l^ a heavy fire, and then 
>f paddles and rakes. Tho hearth slopes more 
3 fiue, to prevent the lead being exposed too long to me 





EEDUCTION IN REVERBERATORY FURNACES. 4^8 

Thei^ are ttiree working doors on each side of the fhmace, attended hy two men, 
who assist each other in manipulating the charge. The lead collects at the lowest 
part of the hearth, covered by the sla^, 
and is drown off % a tap-hole into the 
metal pot, f, in front of the furnace. 

The arch falls rather rapidly towards 
the flues, gg^ to give more effect to the 
heat, and the drought is capable of re- 
gulation by means of dampers. 

The usual charge of ore in these fur- 
naces at Holywell weighs 20 cwt., which 
is introduced through a hopper, A, in the 
arch of the furnace. This charge is then 
spread evenly over the surface of the 
earth, and gently heated for two hours, 
the doors being closed and the damper 
lowered. 

The two front doors, farthest from the 
fire, being opened, the smelter throws in 
the slags swimming on the. surface of the lead in the pot, «*, from the previous operation. 
The tap-hole is opened in a little time to allow the metallic lead to run off from the 
slags, and at the same time, an assistant turns over the ore, tlirough the back doors, 
by means of a paddle. These doors are now closed, while the front ones are open, 
tlirougli which some small coal is thrown in upon the lead-batli, and the whole is 
worked up together, the ore being turned over with a paddle. The smelter, in aboiit 
three-quarters of an hour from the commencement, throws back upon tlie sole of the 
liearth, the fresh slags, which then float upon the bath, and are mixed w'ith tlie 
ci)jAly matter. These slags and the ore are then turned over with the paddle, and all 
til'* (lours are closed. 

The ore is turned over again through the back doors, and the first lead appears, 
obtained from the slag last remolted. This load is run off by the tap, and both work- 
men then turn over the ore, through all the doors. The smelter now clovses all the 
fiMiit doors except that next the fire-bridge, and lifts off the fresh slags from the lead 
j)ot, drains them, and throws them back into the furnace. The interior of the furnace, 
at this period, has a dull red heat. 

The lead begins to separoto from the ore in al>out 1 J hour from the charging of the 
fnrnac(*, and the two workmen again turn over the ore from each side of the furnace. 
S'jme coal is thrown on the grates, slightly to raise the heat, the ore is turned over, 
and all the doors are closed. 

'Wxc first fire or roasting lasts about two hours, and the damper is then raised a 
little; coal is thrown on the grates to give the w'hich lasts 25 minutes. 

i he h(*atof the furnace has now become bright red, and the lead flows from all sides to 
the bath. The smelter then pushes the slags back towax’dsllie uppiirpart of the heartli* 
"hile the assistant spreads them over its surface, through the bai.*k do(n*s. The smelter 
now’ tlirijw's in a few shovelfuls of quicklime u|)on the lead-bath, through the middle door. 

1 lie assistant works the ore and slags through the three backdoors, spreading them 
out, w’hilo the smelter again puslies the slags from the inner bath to the ujiper part of 
the sole. Tlie doors are left open for a short time, and the haid flows down into the 
ba^n from the slags with which it wjis mixed as they were pushed back. 

Ihe workmen in a short time again turn over the ore and slags, and in three hours 
fa' the commencement, a little more fuel is thrown on the grate. In ten minutes, 
resh fuel is added for the third fire, the damper is fully niised, all the doors are again 
0 osxhJ, and the furnace is left in this state for three-quarters of an hour. At the expi- 
ration of about four hours, all the doors being opened, the assisUint levels the surface 
o meditate the separation of any lead, and then spn'ads the slags which are pushed , 
j smelter, who now throws in more lime to render the slags 

to cover the leatl-bath. 

fh adds a fresh charge of fuel in about ten minutes after the completion of 

c third fire, and closes the doors to give the fourth fire^ This fire is finished in four 
lours and forty minutes, when I he doors are opened, the tap-hole is pierced to allow 
_ H* lead to flow into the pot outside, and some lime is thrown upon the slags in the 

ner bath. The smelter then pushes these drUd slags towards the upper part of the 
n arth, whence the assistant rakes them out of the furnaco through the laiek doors. 

n given this detailed Account of the working of a cliargo from Mr. Phillipe* 
ofTl *^®®<^viption of the process followed in Wales, as an illustration of tlie nature 

lese operations, and to avoid the necessity of similar minute details in oth<*r auaio* 
go«« processes. 
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Tb» weight otn charge Taries in different localities 12 to 14 ewt ^Ibg thM need ia 
Ihe^iS. if EnglandT 21cwt. in Brietoh and 30 cwt. in Cornw^^e the tun. 
nxtends from 6 to 24 hours, according to the weight and nature of 
The cost of smelting an average parcel of galena in the reverberatory furnace la: 

s, d. 

Labour 9 7*2 per ton of ore. 

Coals 19’9 cwt. . . . 3 3*8 „ 

Lime 0 9. . . .0 4-9 „ 

Bopairs . . • • 0 »» 

13 7*9 


In some smelting works, the roasting process is conducted in a distinct furaace, and 
in other mills, the two furnaces are combined in the manner shown m fig, 691, which 


Fig. 691. 



represents the front or tapping side of the furnace. It is unnecessary to give any 
details of this form, after the description of the previous furnace. 

When the process of roasting is conducted in a separate furnace, as a distinct opera- 
tion, the cost per ton, from an average of upwards of 700 tons, is as follows: 



8. 

d. 

Labour . 

. 3 

2-6 

Co^lls 6 '6 cwt. 

. 0 

11-2 

Repairs 

. 0 

1 8 


4 

3o 


This is probably the most suitable place to notice the results of some experiments 
made by Plattner and other chemists, on the loss silver which occurs during the 
roasting of ores containing this metal, and which we can confirm from our own experience. 

1. The loss of silver arises from chemical reacti^. 

2. The volatilisation of the silver appears to ®Se place at the moment when it 

passes into the metallic state from its combination- with sulphur, or when the sulphate 
of silver is decomposed. , • 

3. The loss of this metal increases with the duration of the roasting, and the rise m ^ 





the temperature. . . , , . . . j 

4. The loss also increases when the oxides of iron or copper are present to decom- 
pose the sulphate of silver. - . , . . 

6. The loss is not so great with the silver-compounds of arsenic and antimonic ar4a*» 
ob\-iou8ly because these salts are not so soon decomposed as the sulphate of silver. 

We may also here notice the proposal of Falliz^, to tap the lead at different Mnods, 
instead of doing so at the end of the operation. He founds his proposal on toe fac^ 
that the lead which is first reduced, is the richest in silver ; and by keeping the different 
products distinct, the subsequent operation of desilverising would be to some 
anticipated as well as facilitated, by providing leads varying in their richness in silver. 
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We believe this su^estion to be well worthy of adoption, as we have found the 
leadob^nedin sniwting rich ores to fall from 74 oz. to 44 oz. silver per ton, according 
to the period when the lead was collected. 

Another proposal for treating galena containing silver has also been made. The 
(ralena is to be mixed with 1 per cent, of chloride of lead, and 10 per cent, of common 
St, and the mixture fused, when it is said the galena will be desilverised, and the 
chloride of silver will float on the surface with the common salt The mixture of the 
latter salts is then to be reduced, with any cldoride of lead that may bo present. We 
have great-doubts as to the economical results of this process, having found the loss of 
lead to be most serious, whenever any chloride of lead was present. 

Carinthia Pkocbss.— The furnace employed in this process differs from the English, 

M indicated by 562, 563. 

Fig. 692 represents a front elevation, and^. 693 a horizontal section. Iwo furnaces 
are built side by side, and work into one chimney. The hearth of these furnaces ia 





na^w, sloping regularly from the fire-bridge to the flue ; and is so arranged that the 
fluid contents wiU flow to the metal pot a, outside the furnace. The hearth is formed 
Jjf two concentric beds, the lower one of beaten clay, and the upper of fused slags. 
The areh is curved like the sole, but in an opposite direction, and at its highest point, 
*8 23 inches above the hearth. The fireplace is shown by the dotted lines and 
the products of combustion, passing over the hearth, escape to the chimney A, through 
a flue over the working door. In recent furnaces of this form, the hearths are con- 
structed one above the other, the operation being completed in the lower hearth. 

The fuel employed consists of toe wood of the spruce and pine, and the chaige of 

OrA . .AA nil 1_* no ] ..1 J 


ore weighs about 420 lbs. The working lasts 23 hours, and the produce is very large. 
The slags, when rich in lead, are washed and treated again. The lead flows mto the 


ou^r pot, is purified by a second ftision, and then cast into pigs. 

Kerl has given the following explanation of the reactions on which this Carinthia 
is founded. 

galena is roasted at a lowbnt gradually increasing heat, a portion of the sul- 
phide is converted into sulphate of lead, along with some oxide of lead, while part of 
he sulphide remains unchanged. < 







LEAD. 


486 


When the temperature is raised, during the vigorous stimng of the ore, a quantity 
of is li^berated, as already explained. Some subsulphide of lead is, however, also 
formed, which likewise reacts with the sulphate of lead, producing metallic lead ; thus, 
Pb*S + PbSO^ = 3Pb + 2SO^ 

During this first period of the operation, lead is continuously liberated, and runs down 
to the bath in the hearth. The progress of the roasting converts more and more of the 
sulphide into sulphate of lead, diminishing the liberation of lead un.il a point is 
reached, when oxide qf lead is the only product of the reaction ; thus, 

PbS + 3PbSO* = 4PbO + 4SO». 


The second stage of the operation is then in progress, when, by the addition of red-hot 
charcoal and an increased temperature, the litharge is reduced and another portion of 
lead is obtained. 

French Process.— When galena is exposed to a cqntinuous and slowly increasing 
temperature, a large proportion is converted into sulphate of lead, and a smaller por- 
tion into oxide of lead. If the roasting is interrupted at this point and the heat raised, 
but not so high as to induce fusion, these compounds react upon each other, producing 
oxide of lead, which furnislies metallic lead by the reducing action of coal ; thus, 

PbS + 3PbSO' = 4PbO 4- 480* 

PbO + C = Pb -h CO. 


The coal also reduces the sulphate of lead ultimately into metallic lead and sulphurous 
acid. At a low heat, only half of the sulphate is converted into sulphide of load ; thus, 

2PbS0^ + C* = PbSO^ + PbS + 2C0*. 

And as the temperature is raised, the same reaction occurs, as explained in the Carin- 
thia process. 

Fig. 694. 
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Fig, 696. 


Thete are three doors close together on the same «ide, and in front of the middle 
door the lead pot i is built The firebridge A is 23 inches wide, and the hearth ^ 
11 feet by 6 J feet The hearth is 
made with a tenacious clay rest- 
ing upon an arch of granite. 

A charge of ore weighs 2600lbs. ; 
it is heated so gradually that at 
the end of five hours a dark red 
heat is reached. The doors are 
clo^d, and the heat raised till the 
commences to soften. The 
b-melter now vigorously works the 
or<\ when the reactions above ex- 
plained take place, and the lead 
nins into the metal pot i. A 
Fecond roasting for two hours fol- 
lows, and then another turning 
over of the contents of the fur- 
nace. This alternate roasting 

and working is repeated sovertd 

times, and at tho end of 13 Jiours, some coal and wood are tliroNvn into the furnace, 
to reduce the oxide of lead. A last roasting and stirring are then given, and tho slags 
w’ithdrawn from the furnace. 

The composition of the slags obtained in tho preceding processes is given in the 
following table : 



Analyses of Lead-slags from Bevvrbcratory Furnaces, 


Sihca 

Oxide of lead . 
Protoxide of Iron 
Oxide of fine . 
Oxide of manganese 
Paryta 
ldin«! 

Alumina . . 

Siil|ihid« of lead 
Milphate of lead 
Sulphate of calcium. 
Sulphate of barium . 
1 luoridc of calcium 
Phosphoric acid 
C'.irbou . . 


Perey. 


Hole. 

apfei. 


10-0 
3H-9 
.V(i 
30- ft 
20 


24- 0 
205 
I4-n 
27 0 


29*5 
2 5 
64-5 
10 


3.5 6 
•4 
42*0 

208 


nir- 

K.itr- 

eiithal. 

(ira»- 




— n 

iiiiiiK- 

ham. 

sliiK- 

ton. 

l/C.i, near Matlock. 

29-4 

27*(» 






15*6 

II 0 

34*0 





13*4 

26-2 

80 

}4.5 

120 

12-1) 

15-4 

5*6 


34 


7-2 

8*0 


4 0 




28-4 

5 7 



8*0 

8*0 

10*0 

14*7 

5-5 

4-0 




17-0 

20 



, . 

220 

u-b 

12*0 

3()*() 



10-5 

22 5 

33' 0 

10 

,50 



51*0 

25-0 

30-0 

22*0 

24‘4 



1-5 

100 

18*0 

7-2 

85 


l5’() 

4 0 

* 





98- 0 

980 

lOO'O 

98-0 

97 0 

98-4 

98-7 


The lead is purified by stirring it with beams of wood and repeated skimmings, after 
which it is refined. 

Action of thk Ganoue. — All the ores of lead contain more or less of other earthy and 
inetallie compounds, which exercise a considerable infiuence on the chemical reactions 
wliich the smelter aims at accomplishing. When these foreign bodies are present in a 
large proportion, tho processes just described are not adapted for tlie treatment of such 
which are smelted by other methods to be hereafi-er explained. It will, however, 
he useful to take a rapid sur\'ey of the influence which these gangues exert on these 
processes. 

Carl)onat€ of Calcium . — Wlien this substance is present in small quantities, it facilitates 
lh(^ chemical action, by contributing to the decomjxysition of the sulphide of lead, with 
formation of sulphate of calcium, and by preventing the materials becoming too fluid 
at the moment when the most important reactions are taking place. It has been found 
that 10 to 12 per cent, of this substance may be present in the ore without being preju- 
dicial. 

Sulphate o//?ariM 7 «.~This substance remains perfectly inert during the whole oper- 
slion of smelting, and is objectionable therefore only as a mechanical hindrance, by 
diminishing the contact of the compounds of lead which are to act on each other in 
the furnace. Galenas which contain 16 p<tr cent, of this gangue are, on this account^ 
nnfilted for treatment in the reverberatory furnace. ^ r i ♦ 

Fluor Spar. This mineral is very similar in its action t/) the carbonate of calcium, 

f>ut it is very beneficial when present with sulphate of barium, towards which substance 
it acts the part of a flux. 
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Qmrtz, Clay^ and Silicaiea,—TheM^ gangues, when present only to the extent of 5 or 
6 per cent., are very iigurions, and it is impossible to obtain any lead in the rever- 
beratory furnace, when they amount to 12 per cent. During the roasting they are 
inert, but when the heat reaches a dark red, and before the sulphide and oxide of lead 
react on each other, the silica unites with the latter, forming very fusible basic silicates, 
rendering the whole charge fluid, and preventing any further action. 

Blende. This ore may be present to the extent of 10 or even 16 per cent, without 

much prejudice to the working in the reverberatory furnace. It does not complicate 
the treatment, and is objectionable only by its conversion into oxide and sulphate of zino, 
which are inert, and prevent the intimate mixture of the lead -compounds. The small 
portion of blende which escapes oxidation during the roasting, reacts afterwards on the 
oxide of lead, producing sulphurous acid, oxide of zinc, and metallic lead. When coal 
is introduced in the subsequent operations, the oxide of zinc is reduped at the same 
time as the oxide of lead, and the zinc, being very volatile, carries off a considerable por- 
tion of lead. 

Iron Pyrites . — The presence of a small quantity of this mineral does not senously 
interfere 'with the smelting operations. During the roasting, the pyrites is more rapidly 
oxidised than the galena, and what escapes, afterwards assists in reducing the oxide of 
lead. In the concluding operations, the oxide of iron . is disseminated through the 
mass, and retards the fusion of the lead-compounds. A large proportion of pyrites is, 
however, very prejudicial, as that portion which is unoxidised, forms a very fusible 
matt with the sulphide of lead, which escapes the reduction. 

When the pyrites is arsenical, the lead is always rendered more or less impure by 
the presence of arsenic, which increases the loss of both lead and silver in the subse- 
quent cupel lation. 

Sulphide of Antimony.— ■'This ore is always very injurious, even when present only 
to the extent of 2 or 3 per cent. It gives rise to the same reactions as galena ; and, a 
portion of the antimony being brought to the metallic state, combines with the lead, 
rendering the latter hard, and occasioning a loss of both lead and silver when submitted 
to cupellation. The compounds of antimony also form very fusible compounds with 
those of lead, which cannot then be brought to the metallic state. The great volatility 
of antimony, its oxide and sulphide, also increases the loss of lead and silver. 

Copper Pyrites . — This mineral renders the ores unfit for treatment in the reverberatory 
furnace, ilvon when it is present in such small quantities as not to interfere with the 
reactions, the lead always retains a portion of the copper, which diminishes its com- 
mercial value. 

Carbonate of Iron . — This substance acts only as a mechanical hindrance in the fur- 
nace, where it is gradually converted into oxide of iron. During the later period of the 
operations, it retards the fusion of the slags, and postpones the reactions until nearly 
all the sulphide of lead is oxidised. This gangue therefore, when present in small 
quantities, is favourable rather than otherwise in the reverberatory ftirnace. 


b. Process by Affinity. 

This plan was used in France for treating a Spanish galena which contained a large 
proportion of quartz, and is founded on the reactions already explained. 

The furnace employed is shown in fig. 697, and is charged with about 800 lbs. of 

ore through a side door. This 
Fig. 697. charge is mixed with 200 to 

, 240 lbs. of iron, which ought 
to be in the form of scrap iron, 
as cast iron, mill cinder, and 
iron ores are not found to an- 
swer equally well with malle- 
able iron. The mixed charge 
is then rapidly heated until 
the galena begins to soften, 
when the temperature is kept 
stationary to permit the re- 
actions to take place. The 
lead, as it is reduced, flows to the lower part of the furnace at p, while the matt swims 
on the surface, and this again is covered by the slag. The contents are then drawn on 
llirough the tap-hole b, into the metal pot. 

A modification of this plan has been proposed by Phillips and Eivot, who employ » 
furnace with a hearth slightly inclined towards a basin at the side, placed before one 
of the two side doors. 

The furnace is to be charged with 1600 lbs. of ore, which must be carefully spw*® 
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ovfir the hearth, and roaated for 12 hours at a moderate heat. At this point, if the 
ore does not contain sufficient silica, 12 per cent of sand and IJ percent of charcoal 
are added. heat is rapidly brought up to a cherry-red, when the charcoal reduces 
the oxide of lead, and facilitates the action of the sand, which decomposes the sulphate, 
forming silicate of lead. The charge passes through a process of boiling, and when this 
subsides, a quantity of iron is thrown in while the char^ is being well worked ; the iron 
decomposes the silicate of lead, producing metallic lead and silicate of iron. When the 
slugs are properly irapoverished, the contents of the furnace are tapped into the pot, 
where the lead remains, and the slags flow off at one side. 

Mr. W. J. Cookson has introduced another modiflcation of this principle. He mixes 
the lead ore and iron together, and adds a small quantity of alkali and carbonaceous 
matter. This mixture is exposed to heat in large crucibles, when a very pure lead is 
obtained. The matt falls to powder, which is afterwards mixed with a little water, 
made into bricks, and burnt in kilns, as a substitute for sulphur ores, in the manufacture 
of sulphuric acid. 

TAe Reduction of Oxygen-ores of Lead. 

Carbonate of Lead . — ^When this ore of lead contains a largo proportion of galena, it 
is treated by one of the plans already described, but when tolerably pure, it is sub- 
mitted to special operations. 

The furnace is of the ordinary reverberatoiy character, in which the hearth has only 
a slight inclination towards the tap-hole at one of the sides. The ore, in the form of a 
fine sand, is mixed with some reducing agent, such as coal, and some flux adapted to 
tlie nature of the gangue. This charge is then spread upon the hearth, the doors are 
closed, and the heat is gradually raised, during which the mixture is often turned over. 
The temperature is kept as low as possible, and the lead, gradually reduced, falls down 
to the tap-hole, through which it is drawn off from time to time. 

When the lead has ceased to appear, the spongy mass on the hearth, is heated until 
it fuses, when the whole is drawn out and smelted in a blast furnace. 

Sulphate of Lead . — This salt of lead is found native, and large quantities are also 
produced in various chemical and other manufactories. In the latter case, it is often 
mixed with an excess of sulphuric acid, which must be expelled in a reverberatory or 
other furnace. 

The only mode of treating this compound of lead is that proposed by Phillips and 
Rivot, to which we must refer the reader. 

Spanish Air-furnace^ or Homo de gran tiro. 

This furnace, shown in figs. 698—600, does not differ from the blast furnace in its 
form, but as the draught depends entirely upon the chimney, it may be said, in this re- 
spect, to resemble the reverberatory furnace, and finds its appropriate position in this 
part of the article. 

Its height is 8 feet, and the diameter varies from feet to 4 feet. The charging 

Fig, 698. 



door, D, is placed a little above the spring of the arch, S. The sole of the furnace, P, ii 
formed of a very refractory materud cafied Laguma, a species of decomposed argilla- 
<^U8 slate, which is found in great abundance near Cartagena. It is ground to fine 
lowder, and mixed with coke i3so in powder, in the proportion of 3 to 1. This mixture 
moistened with water, and carefully beaten with rammers. The walls, R, are also 



mi 

If; 
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bailt of the slats id its nndecomposed state, called mcibhit 

Zd cut out to the shape shoivn in^, 598 Sjx o^nmgs (^. m 600) & a, are left 
in the walla for the admission of the air, and for drawing off the »}»^- The fine, Q 
connecting the furnace and chimney, is carried by an ai’ch, K, and is built so as to be 
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up( n a wooden mandril, and placed to point towards the centre of the furnace. Tiu re 
are also other holes (register), F, above the air-holes, but temporarily built up, so as 
to be easily opened when required. An inclined plane, H, is built to draw away the 
slug, as in an iron blast furnace, and it is kept cool by an air-channel below. The lead 
is collected in a small pot, T, through an opening cut through the sole to tho hearth. 

The ore smelted in these furnaces contains carbonate of lead and galena, mixed with 
oxide and carbonate of iron, oxide of antimony, carbonate of lime, clay and sands, 
This ore is used raw, mixed with lead-slags, and coke the fuel employed. 

The furnace having been annealed for some hoitrjy S dr 4 pigs of lead are placed in 
the hearth to form a bed for the slags, and the ft^ace is charged with coke. In 6 
or 6 hours, a few baskets of slags are thrown in w||S| a little granulated iron. After 
a little time, the slags begin to run down the incline, when the regular charge of ore 
is added. The air-holes are regularly watched to keep them all at the same degree 
of heat, as any neglect is apt to allow the materials to harden, when these air-tuyeres 
become choked. It is in fact the duty of one man to remove all the niggers or hard 
black lumps, which tend to form in and near them. The furnace is charged only once 
eveiy hour, as the opening of the charging door, D, injures the draught. 

Tne charge consists of : 

40 baskets of ore, or about 5 cwt. 

8 to 10 „ old Slag. 

4 to 6 „ coke, with some dry wood. 

The latter assists in diffusing the air uniformly through the materials. The quantitifi* 
used in 24 hours are : 

Ore . . . . cwt. 134 I Coke . . . ' cwt 50 






REDUCTION IN BLAST FURNACES. 

As the air has a tendency to ascend round the sides of the furnace, the smelter throws 
his charges against the walls, and keeps the air-channels as far as possible open to the 
centre of the furnace. When the furnace becomes gobbed in any part, one or more of 
the register-holes are opened to enable the smelter to remove the obstruction. 

The lead is tapped every six hours, and the matt is returned to the furnace. The 
produce varies from 6 to 7 cwt. of load upwards, according to the richness of the ore. 

^ We have described this furnace at some length, as it is cheaply built, lasts about 6 
to 8 weeks, and can be used in localities where more perfect plans would be impracti- 
cable. 


Fig. 601. 


2. The Redttction op Lead Ores in Blast Furnaces. 

The ores generally smelted in blast furnaces are such as, from the proportion of 
theil impurities, are not adapted to the rev<‘rberatory furnace ; but tliis remark does not 
apply to the peculiar form of blast furnace known under the name of tlie ore-hearth, as 
used in America and this country (p. 497). 

a. The Cuj)ola or Biaat Furnace. 

This form of furnace is very generally adopted on the Continent, and exhibits at 
different works a great variety of form and dimenshms. The great difference in the 
ores, the fluxes available and the nature of the fuel, are all so many conditions which 
require special modifications to ovf^rcome the difficulties peculiar to each locality. 

We will select, as illustrations of this mode of smelting, three of the modiftcations in 
which the ore is used in the raw and roasted form, and in both states. 

Silesian Furnace. — The form and con- 
st ructicjii of this furnace are represented in 
jhf. 601. The walls, a a, are vertical from 
tile tuyere upward ; fora distance of 10 feet 4 
inelics to 6 feet, the section of the furnace is 
r(‘ct angular, while above this point it takes 
a circular form. The exterior wall, c c, is 
built of common bricks, and the lining or 
a, is constructed of fire-bricks. The 
eliiirge of raw ore and flux is mixed on the 
floor, E, and thrown into the furnace through 
tlie opening /. The blast enters at i, and 
fusion takes place, during which the hearth, 

/*, is gradually filled with the lead produced. 

'rile slag floats on the surface of the lead, and 
i'^ drawn off at c, while the load is occasionally 
t:ij)|>t d through a canal which passes to the 
b-itlom of the hearth. The fume is carried 
away from the top of the furm'u?e through a 
series of condensing chambers. These furnaces 
can only be worked for about eight days, when 
tlu' ojieration is stopped to repair the lining. 

'file Hi dc fimon consists of: 
tlalena in small pieces . . 100 parts. 

Cast iron , . . . 12 „ 

‘Slag from iron forge . . 14 , 

Each ton of this charge requires a ton of 
coal, which is tlirown against the front, and 
the ore, &c. against the back of the furnace. 

When the slag contains 7 or 8 per cent, of 
lead it is resmelted. The matt or rcgulus, 
consisting of sulphide of iron and lead, with 
» little silver, is roasted and smelted in the 
same furnace. 

Ifartz Furnace . — This plan is adopted in 
the Hartz, France, and Belgium, more or Ie.«s 
UKKlitied according to the circumstances of the locality. The ore is always submitted 
to previous roasting; and when this operation is pertonned in a reverberatory furnace, 
the heat is gradually raised, until the oxidation is sufficiently advanced, when the doors 
ore closed. The fire is then urged to melt the mass of matfTials, which is then drawn, 
allowed to cool, and broken up into pieces fit for charging the blast furnace. 

The following tables contain numerous analyses of the matt and slags which aw 
®>tained from the blast furnaces of France and Germany. 






























Table Analyses of Lead-slags from Blast Furnaces, 

a. From Unroasted Ores. 
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Analysts of Ltad-slags from Blast Furnaces, 
(A.) From Roasted Ores. 


Locality . . 

— L- : 




Freiberg. 



Sala 

(Sweden). 

Oker, 

Unter- 

harz. 

Pontgi- 

baud. 

\ 

.Authority 

Lnin* 

padius. 

Mer- 

bach. 

Kers- 

ten. 

Erd- 

mann. 

Am- 

burger. 

Lampadius. 

Bredberg. 

G. Ulrich. 

Rivot. 

SilicAc acid .... 

28 64 

28*00 

so-.w 

37*30 

43*26 

30*7 

28*5 

39 39 

27*66 

39*0 

AltimiDa 

Sesquiaxide of iron 

Protoxide of iron . . . 

6-40 

4*.50 

5*10 

8 15 

*6*62 

3*7 

* 5*4 

. 6*23 

6*00 

15 

40*10 

49*89 

55*74 

40*92 

46 9.5 

45*0 

46*1 

1718 

50*30 

21*2 

Protoxide of manganese 



2*20 





traces 

Lime 

*8-31 


, . 

2*66 


5*3 

8-3 

17* 77 

7*72 

11-0 

Baryta' . . 

1*00 





1*0 

1*0 


0 - 

Magnesia .... 

Oxide of lead . . . . 

traces 

Vob 

, . 

*3*(i0 

0*46 



19 13 

1*96 

4*12 

6*05 

4 00 

7*17 

2*00 

6*3 

4*i 


2 13 

18*2 

Oxide of zinc .... 

3*00 


0*86 

1*91 

4*0 

3*1 


, 3* .50 

1*7 

Protoxide of copper 

tr.aces 

*6*7’4 



0**25 


traces 

Sulphui^c acid 

Sulphur 

Protosulphide of iron . 
Phosphoric acid 

2*43 

1*00 

2*2.% 



'l*26 

1*6 

2*5 


2*23 

1*0 

‘ 

1)9 90 

99*43 

9H*39 j 

99*20 

lfll*70 

99 0 

99*0 

99*70 

101*44 

121-7 


Analysc‘S‘of Lead-slags from Blast Furnaces — continued. 
{h.) From Rousted Ores, 


Locality .... 

Puntgibuud. 

1‘pzey, 

Savoy. 

Ems. 

Holz- 

apfel. 

Ville- 

fort. 

K.dz- 

enihal. 

Ilungirv. 

Authority 

Rivot. 

1 Bnrtliier. 


W«-hrlt'. 

Silicic acid 

Aluirlna 

Sesquioxide of iron 
Protoxide of iron . 
Protoxide of manganese 
Liino . . . . 

Baryta .... 
Magnesia 

Oxide of lead 

Oxide of zinc . . 

Protoxide of copper 
Sulphuric acid . . 

Sulphur .... 
Protosulphide of iron . 
Phosphoric acid . 



400 

1*7 

187 

15 0 

3 2 
3*2 
13 1 
16 

‘ 2*3 

38*0 

1*4 

19*2 

24*1 

3*3 

2*9 

6*0 

1*6 

*2*i 

27*0 

7*6 

320 

13*() 

18*6 

48-8 

14*0 

10 0 

1*5*3 

10 

*9*3 

21*2 

3 4 

34-8 

7*0 

66 

*0-6 

2 0 
0*8 
2*4 

12*0 

25*0 

1*3 

21*5 

8 0 
4*2 

*1*0 

2*0 

29*0 

10 

4*0 

40-.5 

3*8 

27*0 

1*17 

7 6 

*8*8 

29*8 

1*4 

59*4 

3*6 

traces 

*0*8 

28 -.5 
G*0 

34*5 

5*60 

1*30 

177 

44 

1*2 

4*80 




98*7 

98*6 

98*2 

98*4 

98*8 

100*0 

994 

950 

1040 


The ore is sometimes roasted in the open air, as at Raramelsberg, on the Hartz, and 
Fahlun in Sweden, The ore at the former place, consisting of an intimate mixture of 
the sulphides of lead, copper, iron and zinc, is formed into heaps, as seen in fig, 602. 

Fig, 602. 



A thick layer of pine wood, a a a, is laid down for a foundation, upon which the ore, 
b h, is placed in pieces decreasing in size towards the top. The whole is covered with 
a layer of roasted ore in powder, which shuts off the access of an excess of air. These 
heaps contain about 160 tons of ore, and after they are ignited, the combustion is sup- 
ported by the sulphides, through a period varying from 18 to 24 weeks. 

At the top of the pile are a number of cavities, sss, formed in the porous covering, 
in which a portion of sulphur collects, as it is sublimed from below, and from whi^ 
it is ladled at times. A ton of sulphur is usually obtained from a heap, and it is said 
nearly to pay the cost of roasting. The metallic products are afterwards roasted in a 
second and third heap. 




REDUCTION IN BLAST FURNACES. 49« 

Thi* iwwted ore is smelted in a lUmsee oonstrueted as shown in/y. 60S. Tha 
i,««isiireparedoa the floor, o, and thrown into the ftimace, s, through the openhlfl 
wththe ihei A strong blast is driven in through the tuyere, t. 

Fia. 603. 



The charge consists of 

Roasted ore . 

Highly siliceous slags 
Oxide of lead and pieces old cupels 


35 cwt. 
10 
i-i 


The matt is repeatedly roasted and resmclted to obtain any copper, load and 
silver, it may contain. 

Spanish Economic Furnace, The discovery of enormous 
the Romans, near Cartagena and other phices in Spam, together with the oj 

a iK>or lead ore in these districts, has led, within the last l.> or 20 yj'™- 
great development of lead smelting on this coast. 1-uruaces of 
were tried, ono after another, but they have all given place to what is known under 

^'"'rhU furna™!'as improved by the writer, is represented “ 
elevation, section and plan. The blast enters through 

the materials are maintained up to the level of the charging door, . . , PP 

are kept cool by a fine rain of water from a rose, e and ‘'f 

assists in condensing the fumes which escape into the flue, ‘trough an o^nmg, d^n 

the back side of the^ top of the furnace. The uper part of the 

four metal pillars, //// so that when the body of the furnace ri«’«» ^ 

thU part remains untouched. The lead aceumulat^ m the hearth “ 

Upped, from time to time, into the pot, ^ to be ladled into 

continuously into a tank, i, which fs kept snp>l«d with » ^ 

slag in this case falls into a coarse sand, which is easily ^d away, but it is some 
times run into small waggons, forming large blocks v * -la f 

The fumaee is circuit, with a diameter of from 2i to ‘"djiu.lt of fto 

hricks moulded to'suit the fonn of the furnace. The body of ‘Jc furaaeejs^nly ime 

brick thick, and when any portion of the wal gives way, the .f*®'® ’» □’ 

which is driven into the intenor, while the smelter lays fresh b«cks to rebuild the ^ 
The bottom of the furnace is forme.1 in Spa... of a kind of clay which m foun^_ 
answer remarkably well, but In this country a mixture of pu^e ground coke Lnd re 
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clay is employed This mixture, made into a paste, h veiy cskMIv be t j 
dies the hearth is cat out, as shown in the igure (60S). The formstmoTt^^ "** 


604. 



605. 



Fig. 606. requires the greatest care, as the duration of the • 

furnace depends more upon its stability than upon 
the continuance of the walls, which, as already 
explained, can be repaired from the outside. 

The breast of the furnace is made of a semi- 
circular plate of cast iron, with a lip to carry off 
the slag, and a slit through which the taphole is 
drilled. Above the breast-pan is an arch about 
18 inches wide and 24 in height. 

The materials are charged, layer upon layer, 
of ore and flux and coke. The ore may be either 
raw or roasted, and the nature of the flux de- 
pends upon the character of the gangue. In Spain 
the ore is sometimes roasted in kilns, consisting 
of large chambers, something like our fire-brick 
kilns. The ores or materials containing lead to 
be smelted in 4his furnace should not hold more 
, than 20 or 30^Mr cent, of lead. 

When this form of furnace was introduced into thfiTbountry, the writer made a great 
number of experiments as to the ores and fluxes which could be most profitably smelted 
by It; but it would be impossible to give the details in so limited an article as the 
present. It may, however, possess some interest to give the niiterials smelted and 
the ^st of one of the first campaigns, which term is employed to designate the time 
the ftimace works without being rebuilt. This campaign lasted 16 weeks, working 
night and day, and the following weights of ores were smelted : 



Spanish ore . 
English lead ores . 
American silver ores 


3249*60 cwt 
8634-60 „ 
86*76 „ 


English lead ore slags , 1621*26 cwt 
Litharge . . 30*60 „ 

Litharge cinders , . 973*76 „ 

14496*36 


There was a gain of silver on the assays, but a loss of lead of about one-tenth on the 
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4&7 


'uwy*. ^*®**’"> ** *® “y> “O'* carefaUjby the bMt 

inctliods* Til® cost Wrtfl volxows • n^* tMi 


1. "WagM connected with the farnace 
2 ! Engine power: wages . £10 

1509 cwt coals . 12 
c wt* 

3. Fluxes, Fluor spar . . 228J 

Carbonate of baryta 14 
“■ *■ . 209i 

. 250 
. 144J 
. 5 

. 25 
. 790 
4673 
. 704 
. 5 

. 19 

2667 


10 

11 


;ei24 1 9 


pwconu 

8 61 


23 1 7 - 0 7*6 


9 

1 

0 

3 

6 

0 

0 

79 

40 

1 

0 

0 


15 
2 

16 
13 
11 
10 
18 
15 
18 
15 

1 

3 


Chalk 

Limestone . 

Rock-salt 
Kelp 

» Hematite ore 

Metal borings 
Mill cinder . 

Grey slags . 

Pitch . 

Coal . • . 19 0 3 2 a- 146 0 6 4 0*8 

4. Fuel — Coke . , 2667 . . . 47 16 1 « 1 8*8 

6. Repairs 33 1 0*0 10-9 

;f374 dTr^ » 10 ^ 

The following statement contains the cost of smelting the Roman slags near Carta- 
gena, in Spain, calculated on the produce of lead : 

Cost of 20 cwt. of Lead. 

360 quintals at 8 per cent, load, washed up to 24 per cent. 

= 120 quintals for smelting. .... 360 reals 

30 „ of coal for engine, at 6 reals .... 180 

60 „ of coke for smelting, at 11 reals . . . 550 

2 smelters, at 8 reals . . . . . , .16 

4 labourers, at 6 reals 24 

Wear and tear 60 

Management, &c. &c 100 

1280 reals 

and this expense, at 92 reals per £ sterling, brings the cost of a ton of lead up to 
£13 6«. M. per ton, where the Roman slags are obtained free of charge. 

We believe this form of furnace is admirably adapted for mnny of our poorer ores and 
materials containing lead, and that it well deserves the attention of our smelters. 

b. l^he Ore-hearth. 

This method of reducing can only be applied to the purest description of ores, and the 
advantage which it possesses over the reverberatory furnace, consists chiefly in the 
greater purity of the lead which is produced. This, however, is of great commercial 
iin|)orLance, as such lead is suitable for conversion into the best white and red leads, 
•'•nd in conscijuence briuM £1 per ton more in the market than ordinary soft lead. Tlie 
on* hearth is also worked with ny 

less consumption of fuel and a 9’ •• 

*<niiiller outlay ia- labour. The 
eost of the furnace is much less and 
the working may be discontinued 
and resum^ at any time without 
repairs being required. 

The first construction to bo 
noticed is that of 

3^ Backwoods HittUfth. 

This fom of furnace is of the 
jnost primitive character, and yet 
«ie practice of the Western back- 
^ofKlsman is still more simple ; if 
^ '^nta shot or bullets, he 

sn^l j t* ^ in a hollow tree, or 

-A f ^ *tump of a tree, places some galena on the charred wood, and melts it down, when 
In Sr metal at the bottom of the hollow. 

.’®*nuri, the ore was reduced in square furnaces, constructed of logs or stones, as 
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The air is admitted thiy>Mgh the arch in the fore-side, and the lead is <mlleeted in ths 
basin in front The management consists in placing a laQr» of heayy logs at the 
bottom; then billets of split wood are s# upright, on which tlm ^ena w ^wn, the 
top of the ore being covered with small wood. A fire is kindled in the front arch, 
which chars the lower portion of the wood, and the process of reducUon commences. 
The lead runs into the basin, and the operation lasts 24 hours. The ashes are collected 
after the furnace cools, and they are smelted in what is called an aah-fumwe. 

This plan is now superseded by constructions of a modem type. 

The American Hearth. 

This furnace {Jig. 608) is sometimes made of cast iron, and so arranged that a hollow case 
surrounds the hearth, H, through which the air passes on its way to the tuyere, by which 
contrivance the blast is raised to a high temperature. . The air enters tlmough the pipe, 
0 and, following the course of the arrows, is driven through the tuyere into the h^h. 

Fig, 608. 



As the ore is reduced, the lead flows down the channel, into the pot, B. The force 
of the blast can be regulated by the valve, V. . . ..u u 

The hearth is first carefully warmed by a wood fire, when the reservoir in the heartn, 
H, is filled with lead, which soon melts, and upon which the charge fioats dunng tne 
operation. The smelter places several pieces of wood before the blast, and then charg^ 
with raw galena. The whole soon becomes heated, the reduction follows, and toa 
lead flows off into B. The first charge is followed by another, and thus the process ifl 
continued as long as the smelter wishes. a 

At Eossie, in New York, 76 cwt. of lead is obtained m 24 hours, and the cost oi 
working is about seven shillings per ton. 


The Scotch Hearth 

is in use in the northern counties of this country, ^d Mr. Phillips’ a<^unt of the 
mode of working it, is so admirable that we cannot ao better then quote it 

r This fhmace {fig. 609) is from 

Fig, 609. ^ 24 inches in height, and 12 to 

rrlB inches area inside, but its hon- 
I zontal section, always rectangular, 
varies much in its dimensions at 
different levels. 

The ore can be worked either m 
a raw or roasted state, but the 
is now generally used, as it yields a 
better produce, and works dry, al- 
lowing the blast to difihse itself more 
perfectly through the mass. 

^ - - In proceeding to smelt by me^ 

of an ore-hearth, two workmen are required to be in attendance from the 

to the end of each smelting shift, the duration of which is from to 16 , 

The first step in commencing a smelting shift is to fill up the hearth-bottom 
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roace below the wOikstone with peats, placing one already kindled bdbm the 
noaale of the beUowe. The |towerM blast Tery soon sets the whole in a blase; and 
by the addition of small quantities of coal at intervals, a body of fire is obtained, 
filling the hearth. Boasted ore is now put upon the surface of the flie, between 
the forostone and pipestone, which immediately becomes red-hot and lednced, 
the lead fh>m it sinking down and collecting in the hearth-bottom. Other portions 
of ore, of fix)m 10.or 12 lbs. each, are introduced from time to time, and the oontents 
of the hearth are stirred and kept open, being occasionally drawn out and examin^ 
upon the workstone, until the hearth-bottom becomes full of lead. The hearth 
may now be consider^ in its regular working state, having a mass of heated fbel, 
mixed with partly fbsed and semi-reduced or^ called browse^ floating upon a stratum 
of melted lead. The smelting shift is then regularly proceeded with by the two 
workmen, as follows: — The fire being made up, a stratum of ore is spread upon the 
horizpnt^ surfluse of the browse, and the whole suffered to remain exposed to the 
blaA for about five minutes. At the end of that time, one man plunges a poker into 
the fluid lead in the hearth-bottom below the browse, and raises the whole up at 
different places, so as to loosen and o^n the browse, and in doing so, to pull a part of 
it forwards u^n the workstone, allowing the recently added ore to sink <h>wn into the 
body of the hearth. The poker is now exchanged for a shovel, with a head 6 inches 
square, with which the browse is examined upon the workstone, and any lumps that may 
have been too much fused, are broken to pieces ; those which are so far agglutinated by 
the heat as to be Quite hard, and further known by their brightness, are picked out, and 
thrown aside, to be afterwa^ smelted in the slag hearth. They are called “grey 
blags.” A little slaked lime in powder is then spread upon the browse, which has been 
drawn forward upon the workstone, if it exhibit a pasty appearance ; and a portion of 
coal is a'dded to the hearth, if necessary, which the workman knows by experience. In 
the meantime, his fellow- workman, or shoulder-fellow, clears the 0 {)ening through 
which the blast passes into the hearth, with a shovel, and places a peat immediat^y 
above it, which he holds in its proper situation, until it is fixed, by the return of uJl 
the browse from the workstone into the hearth. The fire is made up again into the 
bliape before described; a stratum of fresh ore spread upon tlie peat; and the operation 
of stirring, breaking the lumps upon the workstone, and picking out the hard slagsjpe- 
peated, after the expiration of a few minutes, exactly in the same manner. At every 
stirring a fresh peat is put above the nozzle of the bellows, which divides the blast and 
causes it to be distributed all over the hearth ; and as it bums away into light ashes, 
an opening is left for the blast to issue freely into the body of the browse. The soft 
and porous nature of dried peat renders it very suitable for this purpose; but in some 
instances, where a deficiency of peats has occurred, blocks of wood of the same size have 
been used with little disadvantage. As the smelting proceeds, the reduced lead, filtering 
down through all parts of the browse into the hearth-bottom, flows through the channel, 
out of which it is laded into the pig-moulds. 

The principal particulars to be attended to in managing an ore-hearth properly during 
the smelting shift are these : First it is veiy important to employ a proper blast, which 
should be carefully regulated, so as to be neither too weak nor too powerful. Too weak 
a blast would not excite the requisite heat to reduce the ore, and one too powerfbl baa 
the effect of fusing the contents of the hearth into slags. In this particular, no certain 
rules can be given ; for the same blast is not suitable for every variety of ore. Soft, 
free-grained galena, of great specific gravity, being very fusible, ancf easily reduced, 
requires a moderate blast ; while the harder and lighter varieties, many of which con- 
tain more or less iron, and are often found rich in silver, require a blast oonsidcmbly 
In all cases, it is most essential that the blast should be no more than 
sufficient to reduce the ore, after eveiy other necessary precaution is taken in working 
the hearth. Secondly: — The blast should be as much divided as possible, and made to 
pjws through every part of the browse. Thirdly : — The hearth should be vigorously 
stirred at due intervals, and part of its contents exp^edupon the workstone, when the 
partially fused lumps should be well broken to pieces, and those which are farther ' 
vitrified, so as to form slags, carefully picked out. This breaking to pieces, and .ex- 
Insure of the hottest part of the browse upon the workstone, a most beneficial 
*nt*ct in promoting its reduction into load ; for the atmospheric air immediately wts 
K heated state, the sulphur is readily consumed, or converted into 

«ulphuTou8 acid, leaving the lead in its metallic state ; hence it is tliatthe reduced lead 
wways flows most abundantly out of the hearth immediately after the return of the 
>*ow8€ which has been spread out and exposed to the atmosphere. Fourthly: — The 
of lime used, should be no more than is just necessaiy to thicken the browse 
•uluciently, as it does not in the least contribute to reduce the ore by any chemical 
^^ion ; its use is merely to render the browse less pasty, if, from the heat lieing too 
or from the nature of the ore, it has a disposition to become very soft. Fifthly : — 

x X 2 









Coal should he also supplied judiciously, too much unnecessarily increasing the bulk of 

the browse and causing the hearth to quite full. ^ . * 

VHien the ore is of a description to smelt readily, and the$e8llh is well managed in 
every particular, it works with but a small quantity Pf broiljso, which feels dry when 
stirrecC and is easily kept open and permeable to the blast. The reduction proceeds 
rapidly with a moderate degree of heat, and the slags produced are inconsiderable ; but, 
if in thin state, the stirring of the browse and exposure upon the workstone are discon^ 
tinued, or practised at longer intervals, the hearth quickly gets too hot, and im- 
mediately begins to agglutinate together, rendering evident the necessity of these 
operations to the successful management of the process. It is not difficult to understand 
why these effects take place, when it is considered, that in smelting by means of the 
ore-hearth, it is the oxygen of the blast and of the atmosphere which principally accom- 
plishes the reduction ; and the point to be chiefly attended to, consists in exposing the 
ore to its action, at the proper temperature, and under tl^ most favourable cirgam- 
stances. The importance of having the ore free from impurities is also erident, for the 
stony or earthy matter it contains impedes the smelting process, and increases the 
quantity of slag. A very slight difference of composition of perfectly dressed ore'may 
be ^readily understood to affect its reducibility ; ana hence it is that ore from different 
veins, or the same vein in different strata, as before observed, is frequently found to 
work very differently when smelted singly in the hearth. It happens, therefore, that 
with the best workmen, some varieties of ore require more coal and lime, and a greater 
degree of heat, than others; and it is for this reason, that the forestone is made movable, 
so as either to answer for ore which works with a large or a small quantity of browse. 

It has been stated that the duration of a smelting shift is from 12 to 15 hours, at 
the end of which time, with every precaution, the hearth is apt to become too hot, and 
it is necessary to stop for some time, in order that it may cool. At mills whore the 
smelting shift is 12 hours, the hearths usually go on 12 hours, and are suspended 5 ; 
four and a half or flve bings* of ore (36 to 40 cwt.) are smelted during a shift, and the 
two men who manage the hearth, work each four shifts per week, terminating their 
week’s work at 3 o’clock on Wednesday afternoon. They are succeeded by two other 
workmen, who also work four 12-hour shifts, the last of which they finish at 4 o’clock 
on Saturday. In these 8 shifts, from 36 to 40 bings of ore are smelted, which, when of 
good quality, produce fbom 9 to 10 fodders of lead. At other mills, where the shift is 
14 or 15 hours, the furnace is kindled at 4 o’clock in the morning, and worked until 
6 or 7 in the evening each day, six days in the week ; during this shift, 5 or 5k bings 
of ore arc smelted and two men at one hearth, in the early part of each week, work 
three such shifts, producing about 4 fodders of lead ; two other men work each 3 shifts 
in the latter part of the week, making the total quantity smelted per week in ono 
hjparth from 30 to 33 bings. 

. Hea^rth-ends and Smelter' s fume. — In the operation of smelting, as already described, 
it happehs that particles of unreduced and semi-reduced ore are continually expelled from 
the hearth, partly by the force of the blast, but principally by the decrepitation of the 
ore on the application of heat. This ore is mixed with a portion of the fuel and lime 
made use of in smelting, all of which are deposited upon the top of the smelting hearth, 
and are called hearth-ends. It is customary to remove the hearth-ends from time to 
time and deposit them in a convenient place, until the end of the year, or some shorter 
period, when they are washed to get rid of the earthy matter they may contain, and 
the metallic portion is roasted at a strong heat, until it begins to soften and cohere 
into lumps, and afterwards smelted in the ore-hearth, exactly in the same way as ore 
undergoing that operation for the flrst time, as already described. 

It is difficult to state what quantity of hearth -ends ^re produced by the smelting of 
a given quantity of ore, but in one instance, the he^h-ends produced in smelting 9751 
bings, on being roasted and reduced in the ore-hea^h, yieldea of common lead 315 cwt., 
and the grey slags separated in this process gave,|ft treatment in the slag-hearth, 74 
cwt of slag lead, making the total quantity of lead 362 cwt., which is at the rate of 
3 cwt. 2 qrs. 23 lbs. from the smelting of 100 bings of ore. 

Tbe cost of smelting well-dressed ^ena at the ore-hearth is as follows ; 

8. d. 


Labour 

. 6 1*9 

Coals 2’2 cwt. 

. . 0 4*4 

Wood 1*2 „ . . . 

. 0 9*1 

Lime 0*6 „ . . . 

. 0 3*6 

Bepairs .... 

. 0 1*7 

JJn^ne Power: Wages. 

Coals 6*2 cwt 

0 10*4j ^ 


9 6*7 


• 1 bing at 8 cwt. 
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aa umpr constructed, often allows the fumes to All the mill, when- 
ever the draught is defKoap, andthus proves iiyurious to the health of the work people. 
Under all circumstances, a large volume of air passes into the flue, and so far dimmishet 
the condensation of the lead-f^e. 

In order to diminish the objection, the writer introduced the following modifications, 
shown 610. 

FHg. 610 . 



The hearth is covered with a hcwd of brick- work, a, at the back of wliich there is an 
opening into the flue. This opening can be enlarged or diminished by means of a 
damper, worked from the outside at b. The opening in front can also be regulated by 
means of movable iron plate, c, which can be raised or lowered according to circum- 
stiinccs. Ihe hood is firmly bound by iron straps, d t/, which are maintained in position 
b} screw-bolts above and below the hearth. The opening e, under the arch J", almws the 
workman to regulate the blast, which is admitted at the back through the ordinary luyero, 

Phe ore is charged through the opening gi, in the side of the h^, and the furnace is 
Worked from the front, in the manner just described. 

We have now finished our account of the reduction of lead ores, and regret that wc 
ure compelled to omit many details relating to the various modifications adopted in 
uernmny and elsewhere, whicb are treated at great length in KerPs valuable Hmdbuch 
ct Metallurgischen Huttenkundc, to which we beg to refer the reader for further 
information. 

Chemical Reactions in ihe Blast Furnace, 

The substances which compose the charge in blast furnaces, are generally either in 
^ Th powder more or less fine, or in masses more or less fused. 

1 ^ form of powder, and consists chiefly of carbonate and sulphate of 

^ . The dross and lead skimmings are in coarse powder, and contain oxide of lead, 
n some metallic lead mixed with the ashes of the fUel and other earthy matters. 

* silicate of lead ; while the test-bottoms 

ores ^ silicates of lead, &c., or of phosphate of calcium and oxide of lead. The 
and the grey slags are veiy varied in their composition, containing sulphide and 
I'r. tu sulphates and silicates of lead, calcium, barium, &c., and differ as much 

■" their mwiawcal condition. 

^ e chemical reactions resulting from the fusion of so varied a mixture of compounds, 
th complex character, and change even in the different parts of the 

furnS^^ The uncombined oxide of lead, wliich happens to be present in the 

down t powder, or as a poro^ mass, m reducw, and as this lead trickles 

*oa«tin^ hearth, a considerable portion is volatilised. It is necessaiy, therefore,^ in 
^hich ^ ^ temperature high enough to fuse them into masses, 

the furwIL^*^^ «pon, on the surface, by the reducing gases in the upper part of 
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The sulphide of lead is not easily decomposed by the Tapomr, and reaches 

the lower zone almost unaffected. The sulphate of lead st^ds'm the same nelation. 

The compounds of iron, on the contrary, undergo a striking change, and in ^t, play 
the part of reactires in the lower zone, in consequence of their reduction in this part of 
the fcmace. A high furnace is necessary to complete this reduction, but such a furnace 
would b^unsuitable for lead for the reasons previously mven. The size of the pieces 
* of these iron compounds, must therefore be regulated by the height of the furnace, being 

smalkr as the furnace is lower. , . a i 

Lower Zone,--VOA matters thus prepared m the upper zone, soften, and graduallv 
enter into fusion as they descend, undergoing very complicated chemical changes which 
are difficult to regulate, and in which the reducing gases exercise little action, but 
where the solid ftiel comes into operation. 

The favourable working of the furnace is also assisted, inasmuch as the matenalsare 
not all equally fusible, and do not all soften at the same time. The matters containing 
the oxide of lead and the slags, melting first, gradually absorb the gangues and produce 
silicates rich in lead. The sulphates are rapidly decomposed by the melted silicates, 
and they produce very little sulphides under the reducing action of the solid fuel Any 
sulphide of lead present, mixes with the metallic silicates, the reduction of the lead- 
compounds commencing only after the formation of the silicates. The reducing action 
is due chiefly to the metallic iron and solid fuel, the sulphides of barium and calcium 
also assisting in the production of the metallic lead. . , . i. , , 

Action of ike /ron.— This metal decomposes part of the oxide and sulphide of lead, 
forming sulphide of iron and oxide of iron, which combines with the silicates. The 
sulphide of iron acts energetically on tl 




^ ^ the silicate of lead, producing sulphurous acid, 

protoidde oflron,"and metal^^^ lead. When the roasting has been complete, there is 
little or no matt formed, and when a sufficient supply of iron has been produced m 
the upper zone, the lead is ^ll precipitated and the slags then contain no oxide of lead. 

The solid fuel assists the action of the iron, but its contact is of course much less 
intimate than that of the metal, which ought therefore to be always present m the pro- 
portion of an equivalent for every equivalent of lead. Under such circumstances, the 
slag is very fusible, and does not contain particles of lead, which being reduced in the 
lower zone the loss by volatilisation is as small as the volatile nature of this metal 

^Th^important point consists in the reduction of sufficient iron in the upper zone, 

without necessitating the employment of a very high furnace. In a lU 

taining 40 per cent, of lead, there ought to be 9 per cent, of iron in the metallic state 

or an equivalent quantity of iron ore. « • a. i 

Iron borings, cast iron, &c. have been used, but the proportion of this metal must 
still be in equivalefat quantities to the load, and they do not act so well as iron hneiy 

divided, produced by the reduction of the iron ores. j * to fh« 

Action of the CoAc.— The reducing action of the solid fuel may be made to take m 
nlace of the iron, but unless the gangues and other substances contain sufficient oxido 
if iron to produce a ftwible elag, the latter will consist only of earthy bases ^mnng 
a high temperature for fusion, and thus increasing the loss of lead by volatilisatipn. 

Coke has no action on the sulphide of lead, and as the fuel is cha^d m la^e p eoes, 
ito reduting action is limited to surface contact. The f»el should therefore ^ 
to powder, tnd intimately mixed with the ht de fn^on while the roasting of the lead 
co^unds should be as complete as possible. This latter operation 
requ^ a long time, and iU expense would prove a great objection. We made wme 
^riments in this subject, and found that it fequired upw^ of thirty hours 
roasting to bring the sulphur, in pure galena, dowp to 4i per cent _ 

The employment of the fuel in powder, is alsWtended with fte inTOnvenience 

- great heat at the furnace-mouth, and the reducU^ takCT P'"® Xrc- 

^teh causes a great loss of lead and silver by volatihsation. It is ... ”, 

fore to employ veiy low fhmaces, and to conduct the fusion very slowly ; ^ut wi^® 
the aidof tL^n there is always an increas^lossof lead, when the On 

upon the fuel, and with such furnaces, the iron-(»mpounds act god 

the contrary, in a furnace of suitable height, the intimate mixt^ of the non ores a 
the fiiel, is very effective, the whole of the metal ^ing as a fc-jlitates 

The reduciM action of the fUel is attended with another diffiralty, as 't^®" 
the conversion of the sulphates into sulphides, which then go to 
matt. In the case of the sulphates of baryta and lime, the redumng oi. 

Srf is how^«!^some extend beneficial, as these substances assist m lecomposing th» 

A^matts are poor in lead and silver and not in large 
is notvery objectionab&T We have often worked a fumaM where the matt wnh^ 
OTly l-I ^r cent, of lead, and 10 dvrt. 10 grs. sdver per ton. They indicate, when 
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•tlierilip«rf^ roasting in the lead-compounds, or a deficiency of the reducing agents, 
Minludes^ iron, baripm, or calcium. 

J^tea as BMuii^g Agent-^T\i\a mineral should be previously roasted to 
a P^on of the sulphur, when it is to be used in the blast-furnace, but its 
^^lovm^ has a tendency to increase the formation of matt. The same effect is 
n^u^ to a greater extent, when the galena employed is loaded with pyrites, since 
Smc two sulphides enter into combination in the upper zone of the fbma^ and the 
matt oroducM does not act so vigorously upon the silicates as the sulphide of iron . 
alone. The matt therefore partly escapes decomposition, and the quantity is accordingly 

^ /VmS^This substance, being in the form of powder, ought not to be charged direct, 
but it should undergo a preliminary treatment in a reverberatory fiirnace. It is 
advisable to mix it with some lead- compounds and a quantity of sand, varying from 15 
to JO per cent., according to its contents in lead. The charge is rapidly heated to the 
Tjoint of fusion, and about 8 per cent, of fuel, in small pieces, added. The whole is then 
J^ll worked, to mix the fuel as intimately as i^ssible, which promotes the separation 
of the lead obtained by the reduction of the silicate of lead. 

AcrnoN of the Ganoubs. Carbonate of tVow.—TJiis substance is converted, more 
or less into sesquioxide of iron during the roasting process, and only interferes with 
the oxidation of the galena when present in large quantities. It acts in the furnace 
in the manner already explained, and must be regarded as a useful impurity ; but 
when present in larger quantities and intimately mixed with the lead ores, it prevents 
the aimlomeration of the powder, even when sand is added. Under such circuinstances, 
the r^ucing action must be moderated in the upper zone of the furnace, and the union 
of the oxides of iron and lead with some fusible siliceous slags, must be promoted. 
The furnace ought to be low, and driven with a gentle blast ; but with all precautions, 
there is a tendency to gob the furnace. ^ , 

Iron When this mineral is present, the roasting requires a longer time, and 

it is dimcult to prevent the agglomeration of the ores, with an undue formation of 
sulphates. Towards the end, the heat must bo raised, and the presence of an excess of 
sand is necessary. The loss of lead and silver by volatilisation in such ores is less, 
however, probably, from the rapid formation of sulphuric acid by the oxidation of the 

pyrites, and the conversion of the lead and silver into sulphates. v n 4. 

When the roasting is complete, the only reducing agent necessary in the blast- 
furnace is coke, the action of which has been previously explained. . , , . .. 

The arsenical pyrites is always injurious ; the formation of arsenious acid during the 
roasting, increases the volatilisation of the silver, but the greater part of the arsenic 
remains behind in the form of arsenates. In the blast-furnace, romo more amnic is 
volatilised in the upper zone, and part remains combined with the lead and in the matt 
in the form of arsenuret of iron. 

Sulphide of antimony , — During the roasting, the volatility of the antimony increa^ies 
the loss of lead and silver, and towards the end of this operation, it is impossible to 
decompose the antimonates, even with an excess of gangues and fusible silicates. 

In the blast-furnace, the antimonates are gradually reduced by the gases, the iron, 
and the solid fuel, with the same facility as the compounds of lead. A part 01 the 
antimony is volatilised, by which the loss of lead ana silver is increased, and anot cr 
portion passes into th^lead and matt. The presence of this substance necessitates the 
use of an increased proportion of iron and coke. The antimony also accompanies the 
lead in all the subsequent operations, although the greater portion can be removed in 

**’ the blast-fiirnace, the coppar is nearly all reduced at the aamo 
time aa the le^ and when a matt ia formed, a portion of the copper la alwaya present. 
The lead, however, always carries away some copper, which reappears in all the sub- 
sequent operations, after giving a characteristic appearance both to lead and btharee. 

£fen<fe„During the roastiig, the blende is more rapidly oxidised ‘ban the ™lenis. 
being converted into oxide and sulphate of xinc, which is decompos^ with di^lty 
in the second period, while the inftisibility of the oxide impedes the « “e 

other materials It is, therefore, necesssary to add some argilla<»ous compounds Jo 
•ueh galenas, and prolong the roasting process These compounds of 
voUtile, but, being infiisMe, are more liable to be earned off with the cuirent of fume, 
of which they aSrays form a lai^e proportion ; th^ fumes 
than those tamed ui treating eimilar ^enas free ^ fi^rthe 

in what state of chemical combination the silver exists in fume, but fro m the fa cts 
observed ia treating ores with different gangues, it would appear that the presence oi 
•ilver in the ftimes is due more to mechanical than to chemical . 

In the upper zone of the Uest-fiirnace, the oxide of zinc is partiaUy reduced, and as 
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the metal descends, it is volatilised, when it acquires a dark red heat, and burns at th# 
mouth of the furnace, spreading its oxide on all sides. This metal has ns 

beneficisd action on the reduction of the lead ^ ^ 

In the lower zone, the* oxide of zinc combines with the silica and retards thefbsion 
while the iron does not easily reduce it, and the metal, once formed, is volatilised 
without any appreciable action on the silicates with which it comes in contact. 

The slags contain some oxide of zinc, which render them of a refractory character. 
The lead produced, does not contain much zinc, as the temperature is toq high to favour 
the combination of the two metals. ^ ^ 

When the roasting has been imperfect, the sulphide of zinc is partially^tiixidised by 
the aqueous vapour in the upper zone of the furnace, but the greater portion unites with 
the sulphide of lead, and forms matt. The greater porosity of these roasted materials 
from the presence of the infusible zinc-compounds, increases the reducing action o^the 
gases in the upper zone, and this again adds to the quantity of matt which is formed. 
This zinc-matt is, however, not so fusible as the others, and consequently remains 
longer in contact with the sUicate of lead, on which it exerts a reducing action, the 
only benefit derived from the presence of blende. 

The volatility of the zinc increases the loss of lead and silver in various wa^S, by its 
direct action, as well as by its rendering the roasted materials more porous, in conse- 
quence of the infusibility of its compounds in all the operations of roasting, smelting, 
and treatment of the fume. 

The great object therefore in treating such ores is to diminish the chances of volati- 
lisation, by perfect roasting, and the addition of fusible slags in sufficient quantity to 
overcome the infusibility of the zinc compounds. The beneficial action of iron pyrites 
in such ores, is due to the facility with which it melts, thus counteracting the opposite 
tendency of the blende ; but the quantity necessary to accomplish this effect may, if 
the percentage of blende is great, prove so large as to render the ore too poor for any 
kind of metallurgical treatment. 

ZZ. The Reflningr of the Ikead. 

All lead ores contain more or less silver, and as the latter metal is reduced along 
with the lead, its separation becomes an object of commercial importance. The cost of 
separating silver by the old plan of cupellation, renders it impossible to refine load 
with less than eight ounces of silver per ton, and the world is indebted to the late Mr. 
Pattinsonfor the discovery of a beautiful process, by» which lead with no more than 
J oz. will now pay for its extraction. 

The separation of silver, therefore, now involves three operations, viz. desilverisa- 
tion, cupellation, and the reduction of the pot-dross and litharge. 

1. Desilverisation. — Pat tin son’s Process. 

This process, known among the workmen as the se/parating process, and calhd in 
France, Pattinsonage, consists in slowly cooling the melted lead in iron pots, during 
which a portion of the contents assume a crystalline form, and sink to the bottom. 
These crystals contain less silver than the portion which remains in a liquid state. 

The composition of this desilverised lead, from different localities, is given in the 
table below. 

Analyses of Desilverised Lead. 


AUenau. 

Stolberg. Billach. Eachweiler. Pirach and Jung. 

English. 

Streng. 

Streng. Streng. ^ * Streng. Streng. 

streng. 

99-957 

0021 

0-016 

0-006 

99-936 99-975 "^-907 99-892 

0-007 0-012 ■ 0-053 0 061 

0-050 0-007 0-026 ' 0-041 

0-006 0-006 0-003 0004 

99-980 

0-016 

trace 

0-008 

trace 

O-OOl , trace 0 011 0002 


100-000 


100010 


Lead . 
Antimony 
Copper 
Iron . 

Z 


The pots are large metal pans, and aregenerallv set m a row of 10 or mora those to 
the left being called the woricing pots, and tnat to the right, which is smaller, 
the market pot, from the circumstoce, that the poor lead is ladled from it into th® 
pig moulds, ready for market. 

The mode of setting a range of these pots is so clearly shown in .^. 611, as to 
snpersede the necessity of any description. 







scerior AT.c.H. section at. i.k horizontal at.l.m. plan at top 
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The operation is conducted in the following manner : — One of the pots about the 
middle of the range is filled with pigs oflead, which are melted. The dross which forma 
on the surface is dimmed off by a small perforated ladle, when the fire is withdrawn 
from the grates below this pot. The lead, as it cools, is constantly stirred, and any 
portion which solidifies round the edges, is removed by an iron paddle or slice, and 
Sxed with the molten lead. In a short time, the crystals, above mentioned, make 
their appearance, and continue to increase in quantity as the cooling progresses. The 
woikmh then dips a large perforated ladle, represented in fg. 612, into the mass of 
liqiJflead and ciystals, and withdrawing it, allows the liquid portion to drain away, 
which he hastens by an occasional shake of the ladle. He then attaches to the shank 
of the ladle, a hook, which is suspended at the end of a chain hanging upon the joists 
of the roof, and holding on by the handle, swings the ladle full of crystals over the 
next pot to his right, into which he empties the crystals. He continues this operation 
until the necessary quantity of lead has been crystallised out, when the liquid portion 
is ladled into the adjoining pot on his left. The same operation is repeated with all 
the intermediate pots, until the desilverised lead arrives at the market-pot, and the 
enriched lead reaches the rich pot, whence the lead is taken for cupellation. 

The proportion of lead crystallised out in each pot varies very much with the 
richness of the lead at the command of the refiner, and especially if he has original 
leads of different values, by which he can keep up a continuous supply of lead to each 
pot. When the original lead is poor, then what is known as the low system, is adopted, 
where as much as seven-eighths of the lead is separated ; but with richer lead, the high 
system is followed, and as little as two-thirds is removed as crystallised lead. 

During the operation, the laige ladle is liable to cool by its repeated exposure to the 
air, and in consequence the perforations become closed by the adhesion of the lead. 
This difficulty is overcome by occasionally dipping the ladle into the small intermediate 
pots on the one side, which are kept full of lead, maintained at a higher temperature 
^ a small fire beneath them, as shown an 611. ... , 

The shaking or jerking of the large ladle by the workmen when draining the crystals, 
would ultimately injure the pot, to protect which, a pig of lead with a bar of iron cast 

Fig, 613. 
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narleM ta each renewal, the upper porUon of the hrickwork ia eorared in 
“ '“^fSrfM^ha circular metal elab, on which the narrow rim of the pot rests, ty 
a sarinK of expense m the repairs is effected. _ , 1 . i j ij i. 

* TW« nScess is alro accompani^ by another advant^ m punfeng the 1^ Each 
.• J« the^ is melted, the surface becomes covered vrith a scum, whiSh contains more 
imwity along with the oxide of lead, and this dross being always skimmed 
of the lead is continuously improved as it approaches the market-pot. 

• • .2™.tLce is so well recognised, that lends containing only one ounce si1t« per 
ton 'and eve^ss, are regularly ^ated by this process, especially when the lealis to 
hfl used in the manufacture of white lead. 

An average cost, founded on the crystallisation of 
ounces of silver per ton, was found to be as follows : 

• 

Labour .... 

Coals, 6-2 cwt. . 

Eepairs .... 

The expense of labour is an important item in Pattinson’s pw- 

noT^but pJiworW men arc capable of managing the crystallising ladle. This 
Twl'^on a«rected*the^^^^ of the late Mr. I. Ih Stagg, who succeeded in con- 
" an ^naretiis for obviating tl.is difficulty. This arrangement, known as Staw s 

?f rdi“luS“ 

an oar atu8 —This gentleman has also patented arrangements 1>3[ which tha 

The crystals remain behind for further treatment. 

Parke 8* Process. 

This process depends upon the superior attraction of silver for sine over lead, and 

5”^". SS“1d"dS thi 

?,• £t5rsSi“sl." .Si » »•-“> -d' 

‘‘This alloy is afterward, heated in a sloping ”»<-;;f^X'oVpeCio“.°'Th: 
lead, which contains 1,000 ^7"^“ ^distil off the^ tine, l^e residue con- 

portion left in the retort, is heated in 1^ rimVinnl lead and zinc It is melted 
tains silver mixed with the impuritire of the ongmal lead and smc. « u me«~ 

wiffi le^ and enpeUed to "hrilloy in close retort, or muffles, bv which it 

his specification — viz. for 20 cwt. of lead containmg 

14 0 *. of silver per ton. . • 

Th. loss of leS ii this p^lieess U «iid to be ui;outt per cent., but on account of- 
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the difflcnlty in treating the alloy of zinc and silver, Messrs. Neville are understood 
have abandoned the plan. ^ 

Sepairation of Copper in CryetdllUation, 

. bas published the following results of an inquiry to ascertain how far the 

impurities of lead, viz. silver, copper and iron, are removed in this process of crvstalli- 
sation. ’ 

Th^ original lead contained : 


1 2 


Silver , 


. 0 0046 

0-0062 


Copper 


. 0 0066 

0-0164 


Iron . 


. 0-0066 

0-0068 


Sulphur . 


. trace 

trace. 


various products of the process 

contained : 



Rich Pot: — 


Silver. 

Copper. 

Iron. 

Before crystallising . 


. 0-0108 

0-0344 

0-0312 

Crystals, 26 pts. 


. 0 0052 

0-0162 

0-0086 

Fluid lead, 85 pts. . 

Second Pot : — 


. 0-0140 

0-0476 

0-0122 

Before crystallising . 


. 0-0052 

0-0154 

0-0068 

Crystals, 96 pts. 


. 0-0020 

0-0066 

0-0118 

Fluid lead, 25 pts. . 

Third Pot: — 


. 0 0126 

0-0286 

0-0146 

Before crystallising . 


. 0-0020 

0-0102 

0-0118 

Crystals, 70 pts. 


. 0 0010 

0-0038 

0-0198 

Fluid lead, 25 pts. . 

Fourth Pot : — 


. 0-0100 

0-0240 

0-0082 

Refined load . 

. 

. 0 0014 

0-0064 

0-0112 


From this Mr. Baker very naturally draws the conclusion that there is an alloy of 
copper-lead which remains fluid when crystals of lead are formed, and that when‘tlie 
former metal is present in moderate proportions, it may bo separated from the latkr 
by a process similar to that of Pattinson. 

This statement has been disputed by Keich and Strong, who deduce from their ox- 

E eriments the conclusion, that the copper is not separated ; but the writer, without 
aving analysed the different leads, inclines to believe in the correctness of Mr. Baker’s 
conclusions. 

2. CuPELLATioN on Refining of the Rich Leap. 

Although it may be difficult to assign a correct interpretation to Hebrew terms of 
art, yet we think it is clear that the use of lead in purifying other metals was known 
in very ancient times. Jeremiah would seem to allude to this fact in the passage in 
ch. vi. ver. 29, and similar reference is made in Ezekiel xxii. 18-22, Malachi iii. 2, 3. 
The first notice of the process of cupellation among the ancients, appears in the 
works of Dioscorides; and Pliny and Geber describe an operation which is a true 
cupellation by means of lead. In 1343, Philippe le Bel issued an ordinance prescrib- 
ing the use of cupels for testing the precious metals. In 1666, Agricola in his work, 
J)e re Metallica, fully describes the whole process, with instructions how to make the 
tests ; this was followed by the work of Barba, Arte de lot Metalee, in 1640, where the 
construction of the refining furnaces is minutely explained.^ 

The chief object is generally to separate the silver fr<^ the lead, but when an oxide 
of lead in the form of litharge is wanted, then the former befeomes a secondary operation. 

There are many modifications as to the form of fur^e, mode of refining, &c., but 
only what may be called two distinct methods of cupellation— viz. the Enelish and 
German. ® 


The English By stern. 

The peculiarities of this system consist in the cupel being movable, and the lead 
being fed at intervals. 

The fhmace, which is termed a Ttefinery, is represented in figs. 614, 615, where two 
cupels can be worked at the same time when necessary ; a n are the positions of the 
cupels or ^ts, one of which is shown resting on an iron waggon, h\cc, the pots contain- 
ing the rich lead in a melted state, which is ladled into an iron gutter, ad, to supply 
the test ; e e, the point where the blast enters, and// the opening or gate, through which 
lith^ is blow over into a pot below ; gg, the fire grates, and hh the ash pits ; 
fiii the flues, and kh the chimneys. 


£ 


s 








ifSiBca 


Tho bottom or solo of this reverberatory furnace is formed of bono-ash, finely ground, 
which is prepared by moistening it with a very weak solution of pearl-ashes. This 


mixture is placed within an oval iron 
fnimo-work, formed of an iron ring 
a fl, {jig. 616) about four inches deep, 
called the test-ring, and iron bars cross 
the bottom h h. The bone-ash mixture 
is then carefully and firmly beaten 
down with iron rammers. The centre 
of this mass is then scooped out by 
means of a small trowel, as seen at c, 
and the portion round the sides and 
ends, d d d, left as walls to retain 
the melted metals. 

Ah the success of the cupellation 
depends in a great measure on the 
careful preparation of the cupel, an 
a]>pnratu8 has been contrived to give 
a proper consistence to the boue- 


Fig. 616. 



Fig, 617. 








ription unnecessaiy. 


maralus is shown in fig. 617 in such detail as to 
It is worked by hydraulic pressure. 
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The test is ^owed to diy in the air for some time, and then placed on the waggon 
which is run into position. The test is then wedged tight up against an iron ring 
built firmly in the masonry. The fire is now ligh^ and the test carefully annealed 
otherwise it is liable to crack. When perfectly dry, it is heated to a dullredness and 
then ^ed witli the melted rich lead. " 

This lead soon becomes coated with a greyish dross, but as the heat increases, the 
surface of the lead appears, and the formation of litharge commences. The blast is now 
turned on, and while supplying the oxygen necessary for the oxidation of the lead, it 
drives the litharge to the mouth of the refinerv, where it fiows in a continuous stream 
over the gate into a little iron pot placed on wheels for the convenience of removal 

When there is only enough rich lead to yield a small cake of silver, the refining is 
completed in the same test, and in that case, the workman cuts down the opening in the 
bone-ash at this end of the test, which is called the gate, to the level of the melted lead 
until the fining of the silver commences. • 

When there is a stock of rich lead, the concentration of the silver is confined to the 
first test, which is called the lead-teat. As soon as the silver amounts to about 8 per 
cent, of the contents of the test, a small hole is carefully drilled in the bottom, and the 
rich ^oy is run into moulds. The hole is then closed by a pellet of bone-ash, and 
another cupellation commenced. The rich alloy is afterwards refined in the same 
manner in another test, hence called the ailver-teat. 

When the lead has been nearly all oxidised, the film of silver becomes thinner and 
thinner ; it then exhibits a succession of the beautiful iridescent tints of Newton’s rings, 
and at length the film of oxide disappears, revealing the brilliant surface of silver 
beneath. Such is Dr. Miller’s admirable description of this beautiful phenomenon, 
known as fvlguration of the metal, or as the men call it, the brightening of the 
plate. 

At this ^int the blast is turned off, the fire withdrawn, and the silver allowed 
to cool. When the silver has aet and begun to harden, the w^ges are removed, and 
the test with its cake of silver falls on the iron waggon. When cold, it is removed, the 
impurities adhering to its under surface are chipped off, and the silver is ready for 
fusing into ingots. 

During the cupellation, the silver absorbs oxygen, which is evolved as the metal 
cools, forming craterdike eruptions on the surface, and the extent of these pro- 
tuberances is a very good indication of the purity of the silver. 

There is not much silver lost in the refinery by volatilisation, bi^t a com- 
paratively large absorption takes place in the test. We have assayed several test- 
Dottoms, and have found the contents in silver to vary from 74 oz. to 116 oz. per ton 
of test. 

Chamhera' Steam Blast . — The blast employed in refining must be soft, and is best 
suppli^ by means of a fan, but a very excellent plan of Mr. Chambers was tried by 
the writer, and furnished very good results. It consisted in substituting a steam jet 
for the blast of air, and as the steam passed through a wide nozzle, it carried sufficient 
air along with it to oxidise the lead, while mixing a body of steam with the lead fume, 
which was thus more completely recovered in the long fines by the condensation of the 
steam. 

A more simple and compact form of refinery is shown in figa. 618, 619, where the steam 
blast-pipe is represented entering the furnace at a. This refinery is idso fitted with an 
iron hood, 6, placed in front of the working door, where occasional puf& of fUme are 
blown over the workman. This fume is carried off by an iron pipe, c, into the chimney, 
and this protects the men from the iiyurious cons^uences of inhaling the lead smoke. 

The following statement as to the cost of refini^^ founded on the cupellation of 
rich load, which produced upwards of 60,000 oz. ^ fine silver : 


Labour . 

Coals . 4*7 cwt. 

Pearl-ashes 0 6 lbs. 
Bone-ashes 187 „ 

Repairs . 

Engine Power : Coals cwt. 6-2 
Wages . 


. 0 10-4 
1 0*3 


a. d, 
3 10-3 
0 9-4 
0 40 
3 3-8 
0 2U 

-1 107 


Per ton of lead 10 4*2 


or 8s. l*l<f. per 100 oz. of silver. 

When the silver has been removed, the test is broken up, those portions of the bone- 
ash which are free from lead, being removed for subsequent use, ana the rest is generaUj 


MEAD : CUPELLATION. 


i^ed to the dag-hearth or blast-ftoace, where the bone-eeh of ooune ia lost Mr, 
j^aon recovers this bone-ash as follows 

Johnson* s JVocess.— He reduces the cupel to a powder, and mixes it with acetic acid 
of 1*030 to4*048 specific gravity, in sufficient quantity to render the mixture of a thin 


jliijllili''''!'' 


, billin' 




fonsistenee to admit of its being well agitated in a dolly tub. The ^atw 

^ead dWlves and bv renewing the acid, a further quantity is removed, so that, on 

ths reddue to sepaiute all the solution, the bone-ash is sufficiently pure to 

•gain in miartTig tests. The solutions yield the lead, m .the form of sugar of lead, by 

eoncenUation. 


ii 




m LEAm mvELLATim. 

The German 

difl^ the English in forming the hearth of marl instead of Boneoash * and m 
making it of larae dimensions, and 'charging all the lead at one time. * 

The form and eonstruction of this furnace is shown in fy. 620 , which ^Ifeken fiom 
an excellent treatise on the Metallurgy of Lead by Dr. Lambom. The comer on the 
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right IS removed, to show the interior. The circular portion contains the hearth and a 
rectangular fireplace. The foundations, F F, are built of stone, cramped with iron roda 
and pierced with openings to carry off the moisture. A, represents the fireplace in 
which either wood or coal can be burnt. The liearth is formed of bricks set on edge 
on a bed of scon» which has been well beaten down. A layer of marl, also carefuUy 
beaten with iron rammers, is formed on the bricks, and this bed is generally renewed 
at each cupellation. A wall, K K, surrounds the hearth, and serves to support a 
movable cap, C, which is formed of sheet iron, strengthened by bars on its upper side, 
and. lined with clay secured by numerous iron straps. The cap is suspended by chains 
from the crane, B, and supported by a lever, L, so that it can be raised or removed on 
one side, when necessaiy. The opening, G, opposite the fire-bridge, B, serves to in- 
troduce the materials of which the hearth is cons^cted, as well as the lead to be 
refined, and acts as a chimney to cany off the produ^ of combustion. The workman 
watches the operation through an opening in the corltigii^ which is removed in the wood- 
cut, through which the vapours pass away. The blast enters at T, through two tuyeres, 
whose nozzles are frequently covered by two small valves, called butterflies, to difluse 
the blast over all the surface of the bath. 

When all is re^y for work, a thin bed of straw is laid upon the hearth, on 
which the pigs of rich lead are piled. The cap, C, is then lowered on the walls, and fluted 
with clajr all round the edges. The fire is then lighted, and soon after the lead is 
melted, its surface is covered with a dark crust called abeugs, consisting of the oxides of 
the foreign metals, and other impurities from the lead. This crust is drawn off through 
the working door, opposite T. The fire is kept up to maintain the lead at a dark-red 
heat, while the impurities, termed abstrichs, continue to separate. The table which 
follows, contains the analysis of some of these products. The next produci which 
appears, is known under the name of cupreous or wild Litharge, and at th^and of some 
hourS) the formation of the true lithaige commences. The heat is now Jbaintaiiied 
between a cherry and a bright rod, until the operation is complete. 


Ill 



mAD i REFINING, 

Analyses of thTPraduots of CupeUaiion, 



There are two varieties of litharge obtained, distinguished by their colour, 
and rtd^ the former bein^ in ftised pieces, while the latter is in flakes. The difference 
arises their mechanical condition, which results from a difference in the cooling. 

Analyses of Litharge. 


locality . 

Frclb.r«. HaLbrUcke. 


Unter- 


yellow. 

red. 

black. 


Harf, last. 

Authority . 

iCeritcn. PlatCncr. RammeUborg. 

BrUel. 

Ulrich. 

Protoxide of lead 

96*21 . . 96*35 

91-68 

99*69 

58*13 

„ of copper . 

0*82 0*95 1*35 

059 

0*40 

0*28 

Sesquioxide of iron . 

0*41 . . 066 

0*59 

trace 

35*25 

Oxide of bismuth 





Protoxide of zinc 

1*31 




Protoxide of silver 

0*003 



0*71 

Arsen ious acid . 

1*21 \ , r.. 




Teroxido of antimony 

> 1*56 




Silicic acid 

. . . . 0*45 

0*59 


8*75 

Carbonic acid 

2*70 

2*00 



bime .... 

. . . . 049 





The period when the operation approaches a termination is marked by the brighten- 
ing of the melted mass, when some hot water is thrown over its surface, and as soon as 
the silver begins to solidify, cold water is used to harden the cake. This silver contains 
2 or 3 per cent, of lead, and is refined by another process. 

Separation of Lead from Bismuth, 

This process of cupellation has been employed byPaterato separate the two metals, 
lead and bismuth. At Joachimsthal in Bohemia, the small quantity of bismuth in the 
ore gradually accumulates in the rich lead, and when the latter is submitted to cupel- 
lation, a green litharge makes its appearance towards the end of the operation. 'This 
•ulwtance, called “ Black Litharge,’’ is reduced and refined in the usual way. The lead 
IS first oxidised, and leaves the bismuth, nearly pure, on the test This impure metal 
M refined in a second cupellation, and the bismuth so obtained is veiy pure, as indicated 
by the following analysis ; 

Bismuth . 99*58 

Silver . 0*42 

Iiead . . trace 

Iron . . trace 

100*00 

The odginal alloj obtained by reducing the black litharge, consisti of: 

Bismuth . 34*5 

, Load . . 65*5 

- 100*0 

Voi. m, L L 
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he iwogreBS of the (junction is q^fhUy WRtohed,V4|jM 


4sflolved in nitric acid, and an ezneii^hf ^dro aotd is addialx 

metals int<f chloildes^ Strong a]^hoI^jj;^i|i^dkl, 

silver me sbisn^nth is thio^ dawn SjSblfeion tar 

ammonia, then »^j«^|^-and weighed. ' ' ' ''^.v '■ " • ! ' ■ . 

An oxide* o^ lead is in demand for the iJreparatidfe^^ o^^ bf lea^ 


An oxide o^ lead is in demand for the preparati;^ w ^ and jothet 

purposes, and this substance is produced in tw * forms, as 
litharge. 

Flake lAtharge. — ^When litharge is manufacture for sale, the puxeisl lead, nof^M 
in silver, is selected for cupellation. The refining process is conducted as alrc^^ 
describe^ but the oxide of lead at the commencement and terminatum <^e cupeiUa^ 
tion is rejected. 

The litharge, as it flows from the tcst^ is received in large pots fitted on wheels, in 
whiah|^ is allowed slowly to cool. In some cases, the pote are heated so that the 
i^^^l^ay be more gradual, as the proportion of the flake litharge depends upon this 
When the pots are emptied, the mass of litharge falls, and the whole is 

lose 

from the dnst^ The finej^e litharge is collected and packed in casks. ■ ' , 

LeingdM Litharge. — tS portion of litharge which does not fall, but remains in hard 
fused pieces, is employed for tho manufacture of levigated litharge. 

The process consists in simply grinding this fused litharge between horizdntal stones 
with afttpply of water. The miU employed for the purpose is seen in $g8. 621, 622. 



Ik'iis 




Motion is communicated to the driving wheel, a^ on the upright shafts h, whidi works 
into the wheels,, c c c, on the spindle d d d, turning the upper tj« 

pairs « e e. The litharge, along with a small stream of water, is fril into the lo^ 
pairs, as it is seldom necessary to pass it through two sets of stOn y<^ 
mass then falls into the dolly-tubs,//, which are a^tated by mean# 
y g driven by the belts, h A, working round a sheave, t, on the upngbllhaifts^ 
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water along tha mut^ k§ % k, and depaaitiinlia^ 
^ UN jLept liidl of water. Tbe orerflow eacapea at as iA^jtlai 
iolii Ihote uw. |i^a 0 all worked by gearing, r. @a 

ainain al]^ 




I e I 


nyinnH 


iiiniiiii] 


5?^pl«e»; C, fire-bridge ; D, hearth j E, working door; F, the iron ipont; 

hr - ^ „ 

mpt witb a quantity of coal, on which a mixture of the oxidea 






■' ' ''• '* 

and cod is tlirown near to^tlie fire-bridge. The ignition of ^e fhel and the tednd^ 
'"gdies in the fiimaoe soon causes a reaction of the metallic oxides, and the liquid 
m^tal trickling down through, the porous mass,^finds its way to the ]pmt, F, whence it 
flows into the metal pot, 0. . The charge is frequently turned over by an iron rake to 
present fresh 8ur£ac6.;to the reducing action of the fuel, and to facilitate the escape of 
the le^. Fresh chaises are introduced during the shift, and at the dose of the day, 
the residual matters, teamed are raked out. 

In smelting works, there ought to be at least three of these reducing furnaces, in 
which oxidised products of the different operations can be reduced, viz., one for pot- 
drosses, another for litharges, and a third for calciner’s dross, to be described in the 
next section. This necessity arises from the difference in the quality of the lead pro- 
duced, and which, by being mixed, would afterwards entail an unnecessary expense. 

The dross is reduced in precisely the same way as the litharge, but when it is very 
impure, the addition of a little soda-ash facilitates the operation and increases the px)- 
dyce of metal. The dross from the poor pans must also be kept distinct from that of 
the rich pans, as the difference in the contents of silver saves some expense in the sub- 
sequent desilverisation of the two leads. 

'The ^Same remark applies to the litharge, especially that which flows off towards the 
conclusion of the cupellation. 

The cost of reducing litharge and pot-dross is nearly the same, and the following 
details inay be taken as au.average : 

8. d. 

' Labour ... 2 8*7 

Coals, 4*1 cwt. . .0 8-2 

Kepairs . , . 0 1*0 

3 6*9 per ton. 

ZZZ. Softening of bard Ziead. 

All the lead produced at the blast-furnaces, and some leads obtained from poor ores 
in the reverberatory furnaces, arc so hard from the presence of impurities or other causes, 
as to render them unfit for treatment in the desilverising process. The lead obtained 
from the English slag-hearth (p. 520) is also of tlie same character, and, until within 
about the last twenty years, was sold for running lead-joints, &c., irrespective of its 
contents in silver. The composition of some of those hard leads is given in the follow- 
ing table : 


Analyses of Hard Leads, 


Authority . 

flle- 

wend. 

Muller. 

Rich- 
ard- 
» on. 

Ker- 
s ten. 

Bl- 

Hchoff 





Streng- 

^V*®.***, streng and 

1 o...b.ck. 

Locality . 

Alten- 

au«nr. 

Untet- 

han. 

Oker- 

hUtte. 

Ehk- 

liah. 

Frei 

berg. 

Hoix- 

a|ift'l. 

K.tz- 

enihai. 

Ville- 

foti. 

Pexey. 

Pont- 

gibaud. 

Claua- 

thal. 

Span- Xjiu 
tsh. terthal. 

Andre- 

a»berg. 

Leatl . 

8.191 

84-72 

8240 

99-27 

91-61 

81-27 

91*40 

9.5-60 

93-00 

91-4 

86-34 

9V8I 1 83-65 

77-75 

Aiulmony. 

1601 

1032 

1004 

0 67 

6-32 

16 40 

8-20 

2-40 

700 

8-2 

14-06 

3-66 16-00 

2127 

Arsenic . 


2-00 

3-00 

, , 

1-02 


0*40 


, , 

0*4 


1 


Copper 

*0-04 

1-6S 

2*28 

0*12 

0-90 

2-29 

. . 

traces 

traces 

. . 

. • 

0-32 1 0-13 

0 16 

Iron . ) 
Zlne . I 

0*04 

0-88 

1-08 

0-04 

0-63 

0-04 

. . 

. . 

. . 

. . 

0*10 

1 }0-30 

0-42 

Sulphur « 


• • 


• • 

0-20 
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The writer having carefully examined the WB slag-lead, found that its hardness ww 
mainly due to the presence of antimony. He then suggested the erection of furnaces in 
which this lead, m a melted state, could be exposed to a current of hot air. The result was 
the production of a good soft lead, at so reason^^jlc a cost as to render the process 
available as a regular operation in smelt mills. * ' ^ 

Soon afterwar(&, the first cargoes of the now well-known Spanish hard lead arrived at 
LPvorpool; but the smelters there would not purchase them, and one cargo was tran* 
shipped to Newcastle-on-Tyiie. This lead could not be softened in the brick furnace^ 
being so fluid when melted, as to find it« way out of the furnace in all directions. The 
late Mr. G. Burnett, who consulted the writer on the subject, and witnessed the treatment 
of the slag-lead at Mr. Beaumont’s works at Blaydon, then proposed the simple but 
admirable plan of lining the furnace with a metal pan. Thus was laid the 
of a trade with Spain, which has gone on increasing, until, it is said, upwards of 20,000 
tons of this description of lead are annually produced in that country. 

Calcination of the Lead. 

'The furnace generally employed in this operation, termed cedeining or . 

tlie workpeople, is represented in the figs. 625, 626 in elevation ana vertiw 
4^ is the fireplace; B, ash-pit; fire-bridge; D, cast-iron pan; flue; 
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pla 


diann^ for I3ie escape of moisture; G, aworking door; and H, the spout for runniiig 
aIP tiiA soft lead. 


, piicass**^— * ^ • 9 o 9 —— avsk auaauaauc ’ 

off the soft lead. 

The lead is either thrown into the pan in pigs, or previously melted and ladled into 


Fiff. 025 . 

















,.y: 


:m lead. 

examined wien cold, and if it is soft to the scratch, with a flaky, crystalhne appearance 
on the surface, the contents of the pan are ready to be run off through the iron spout, 
' into a pot on wheels, whence it is ladled into pig moulds. 

An improvement has been made on the above simple form of furnace, which is shown 
in^s. 627, 628, representing a front view and a longitudinal section. The hard lead is 
melted in the pot, a, which is heated by the fire, b. The calcining pan, c, is supplied 
with melted lead from the pot by raising the plug, d. The soft lead is run into the 
pot, a, and then cast into pigs. This form of furnace possesses great advantages when 
softening extra-hard lead, as the calcining pan can easily be kept always full, with 

^^?he produce of soft lead from the hard leads, of course, varies greatly, as will be seen 
from the following table, which contains the results of the treatment of many hundreds 
of tons of most of the descriptions named : • 


Good Spanish hard lead ^ . . 

Hard lead from crystallising dross 
Hard lead from economic furnaces 
English slag lead . 

Slag lead from Spanish dross . 
Slag lead from refuse products . 
Tea lead . . • • • 


93*2 per cent, soft lead. 


90-3 

84*3 

871 

66-9 

67*3 

76-4 


We have mentioned tea lead as among the hard leads which can be treated by this 
process, and we have found that tin is as easily separated thereby as antimony. 

The following hard leads were mixed and submitted to calcination : 



tons. 

cwt. 

Ordinary Spanish hard lead . 

, . 1436 

9 

Ore slag lead • 

. . 100 

18 

Dross „ • . • 

. . 69 

12 

Spanish „ • • « . 

Mill „ • • • • 

. . 60 

. . 128 

9 

16 

English „ • • • • 

76 

16 

Tea hard lead • • • 

. . 9 

16 

Fume „ • • • 

. . 3 

19 


tons 1885 

Ts 

ton, for : 

8 , d. 


Labour 

. 2 6-3 


Coals, cwt. 6 

. 0 100 


Kepairs 

. 0 1-6 



3 4-9 



Pofftifex and GlassfordPs Process. — Tliese gentlemen employ the ordinaiy calcining 
pan-furnace, and when the charge has been in operation for a few hours, the dross being 
removed as usual, a few pounds of the following mixture is spread evenly over tlio 
surface of the bright lead. The doors are closed, and in about 10 to 20 minutes, a 
brown or yellowish-brown cake collects on the surface. Fresh fuel is then thrown on 
the fire, and in a few minutes, when the smoke has cleared away, the doors are opend, 
and the cake is removed. This is repeated until th^cake formed possesses a bright or 
brown colour. When the alkaline mixture is u^, with a charge of 9 or 10 tons of 
lead, about 66 lbs. are required during the 24 hoinrs’ operation. When the other mix- 
ture is employed under the same circum8tances,%e quantity required varies between 
40 and 60 lbs. 

The mixtures recommended are as follows : ^ 

1. For lead containing from 3 to 16 per cent, of antimony, the mixture consists ofJ 

3 parts of nitrate of soda, 

4 „ soda-ash. 

4 „ burnt lime. 

2. For lead containing 2 to 3 per cent, of antimony, and from ^ to 1^ per cent of 
silica, the mixture consists of equal parts of soda-ash and caustic lime. 

We undtrstand that this process has been discontinued, and if it be true . 5 
antimony exists in the hard lead in the form of an alloy of antimony and lead, whiw 
when the whole is melted, rises to the surface in consequence of its lower specific gravity, 
we cannot see how the time of softening should be shortened with advanta^, at the «Jtti» 
cost of so expensive an oxidising agent as nitrate of soda. In the old mode of workinft 
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when the enrfeee of the lead is kept constantly clear of dross by the calciner, the alloji 
as it rises, is immediately oxidised by the current of hot air, whereas in this process, a 
considerable time is lost in allowing the mixture to act, and before the crusts are 

^^^^Biffker of Sheffield has, howexer, succeeded in using the nitrate of soda and bisut* 
nhate of soda to advantage in this process, possibly from the fact that the impurities in 
his lead are so much smaller than in those of Spain, and by performing the operation, 
it is said, in crucibles. 

Reduction of the Dross. 

This process is performed in an ordinary reducing furnace, of smaller dimensions 
than usual, as the charges are smaller and require more attention to prevent the loss of 
antimony by volatilisation. The writer also introduced the use of a little soda-ash with 
the coal, when mixed with the dross, which was found to render the slag which is 
formed, more fusible, and enabled the workman to work at a lower heat The following 
analyst of the hard lead obtained from this dross, with and without the addition of this 
flux, prove ie advantage of its employment : 


Lead . 




without the 

8oda>ash. 

. 82-88 

With per cent, 
of foda-ASh. 

58-70 

Antimony . 

• 

. 

. 

. 1609 

40-66 

Copper 

. 

. 

. 

. 0*68 

0-32 

Iron . 



• 

. 0-36 

0-32 





100-00 

100-00 


With the use of this flux, and continuing the calcining operation on the produce of 
the reducing furnace, the metals obtained were found to possess the following com- 
position, according to the analyses of the writer : 


English Hard Lead. 


Lead . 
Antimony . 
Copper 

Iron a 

• 

Original lead. Ut 

. 99-27 

0-57 

. 0-12 

. 0-04 

calcination. 

86-53 

11-29 

traces 

0-34 

Snd calcination. 
52-84 
47T6 
traces 
traces 



100-00 

98-10 

100-00 

Leatl 

Antimony . 
Copper 

Iron , • 

• 

Spanish Hard Lead. 

Original lead. Ut 

96-81 

3-66 

0-32 

. 0-21 

calcination. 

64-98 

29-84 

5-90 

0-20 

2nd calcinalton. 
66-60 
43-40 
traces 
traces 



100^ 

100-92 

100-00 


It was found impossible to separate any soft lead from the product of the s^nd cal- 
cination, all the metal becoming oxidised. This alloy is found of great use in casting 
type furniture, and in making some of the coarser kinds of type. 

The cost of reducing the dross, per ton of lead produced, is as follows . 


Labour . 

Coals, 7*6 cwt. 
Soda-ash, 34 lbs. 
Kepairs 


8. d, 
6 2T 

1 3-2 

2 1-6 


8 6-8 


Separation of the Antimony, 

Instead of reducing the dross which yields the lead of the second calcinatioD, the 
writer proposed to grind it to powder, and treat it with acetic acid, by which »11^« 
l^ad is dissolved, and yields sugar of lead by evaporation and ™ 

insoluble residuum, when reduced in the usual method employed for antimony on§, 
furnishes this metal very readily, and of t&ir quality. 

The same process is applicable to the separation of the oxide of tin when the dross 
bwn lbrm.d by treating tea lead. 


/ 
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Cort of treating Spanith Hard Lead. 

The Spantth hard-lead trade f “adrit°^ 

in conclumng this account of .i-.» ^nd preparing the soft lead for market, 

interest to Jve the cost calculated on^20^cwt. of the original * 

The cost of each item of expense is ^ fourth, on 

thus the second item is on 6 per cent ^ ^ginal lead ; the serenth, eighth, and 

i6i per cent ; the fifth, on 7 P“ f “J; ‘^rk of ^he cstablUhment. A aimilar stat^ 

hlra Wn uninteUigible to moet readers. 


Q>st of Softening and Befining Spanieh Lead. 

£ s. a, 

1. Calcining 

2. Crystallising . . • • 

3. Refining . \ J 

4. Reducing lith^e and pot-dross 
6. Reducing calcining dross . 

6. Smelting refuse producta 

7. Grinding materials . 

8. General labour . 

9. General charges 


0 3 4*9 
0 10 4-4 

a 0 11 1 
0 1 2-8 
0 0 7-2 
0 0. 4-2 
0 6*8 
2 4T 

a 8-2 


0 

0 

0 


£1 3 4*7 


XV. Smelttax of the SI«. and otlrer Product.. 

All the waste products resulting from all la and dross 

slags from the reverberatory furnace and or - ' „„j,mitted to a process of re- 

cinders from the reducing “^1 w;.„^ 

duction, in this country in » •„ a blast furnace. We will describe 
Tmltfi::! and one of the continental plans as an 

illustration of the other method. 

1. The English Slag Hearth 

is known among the Gormans as the form and 

the FrtmoU as the fourneau-a-manche, • ^ .^liat resembles tl\o 

construction of this furnace are shown in Jigs. 629, 630, &c. 

ore-hearth. 630. 



f??l 

"r 

a 

c 




Hearth -the sole-plate, G, f^^rers, e^h of the long ^ide8of 

hearth, 6. There ai^ TaUs L well as thd^sast-iron plate, or d 

the sole-plate, which in made ^stiron up to the horizontal 

which forms the front of the sha . sandstone. A cistern, r, stands m 

from below by a fire. -iih .mBll cinders, beaten down, and reaching to 

The bottom of the f^Me is fill ^ ^ ^ ^ gimilar cinders, which 

,rithin 4 or 6 inches of the tuyere. accompany the metal. Peat is 

Mtet the lead from the toble »la« u^h^ »m^^^ blmd turned on. 
then piled up above the bed of jS^hrown in and a layer of grey slag or other 

W^en the p«t is ignited. “7«. '9^®^* .t intervals I the o^““ 
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,e^ obuin^l U l^y. v~y «d impur*. «d i. afterw«d. to th. 

‘^nr with cc^ air «.n«u.ed 392 cubic fct of air p« uuuut^ 
wdcoaf. _ i >■ ■»• 

Labour. • * ., * * ’ . 8 11 « 

Coke 7 tons at 24». 6d. . • ___-— ^ 

«n«t* £ s. d, 

. .378 

labour • * ; oA« A/? ’.734 


ssrispussssss 

wh^rth' contents are drawn off „„i „t Rome diRtance from 

Ur^re^sTof^he 

]f ly* u<5ii 






,;es 




^9'- 






',&tv 


'Vcri^i; 


Mv- 


\:.^ *•! /* * 


P. 

... rr,V 


■if# 




Cstatl/'J 




their noizl«S su or scren meues loufa- 
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success of the operation greatly depends upon the proper mana^l^ent of this point, as 
these channels prevent the oxidation of the lead, which would give rise to the formation 
6f ftisible silicates of lead. 

Under all circumstances, a large quantity of lead is volatilised, and the whole of the ' 

vapours escaping from the tunnel-hole, pass through a series of chambers, C 0, before ^ 

entering the chimney, D. The fume which condenses is occasionally removed through ‘ » 

the doors, d, and is again thrown into the furnace along with other products. 

The scori® flow continuously into the fore-hearth, where they solidify and are 
drawn down the inclined plane, p, by the workman, to the floor of the mill. When the 
basin, d, becomes filled with metal, it is tapped into. the reservoir, a. 

The products which are collected in the outer basin consist of lead, upon which a 
matt floats. This matt solidifies first, and is removed for further treatment, when the 
l^ad is passed through a metal sieve, and cast into pigs. 

The matt contains sulphide.s of lead and other metals, and when they accumulate, they 
are roasted in heaps to expel the sulphur ; but so imperfect is the operation, that some 
portions must undergo as many as four roastings. 

When the roasting is finished, the residue is smelted in the German slag-hearth, 
along with test-bottoms and other waste products. The de fusion is composed of: 

32 parts of roasted matt. 

80 „ rich grey slags. 

4*5 „ te8t-l:)ottom8. 

2 „ abstrichs. 

2 „ lithai^e-cinders. 

1 „ granulated cast iron. 

The furnace used in the smelting of these products is shown in figs. 632—634. It is 
Fig. 632. 





LEAD: CONDENSATION OP LEAD FUME, «« 

The ftiel employed ia coke, and during the smelting, |Murt of the iron of the matk 
combines with the silica of the slags and cinders, forming a new, very hisiUe sl^. 
Another ^rtion of the iron reduces the sulphide of lead, producing metaUio lead and a^ 

*^he following table contains the analyses of some slags made in smriting cup^^ 
oottoms, &C. : 

Analyses of jAodslags from Blast Furnace* 


Authority . 

BrUel. 

Ber- 

thier. 


Kar«> 

ten. 

Berthter. 

Locality . 

• 

Claui* 

that. 

PouUaouen. 

Hart. 

Pontglbaud. 



28-76 

36-20 

34-80 

40-00 

38-70 

20-00 

22-00 

38*70 

Oxidfi of lead . . 

44-60 

26-80 

6-60 

34-80 

7-40 

traces 

36-60 

16-00 

Protoxid e of iron 

6-87 

19-40 

34-40 

6-60 

28-40 

37-90 

4-20 

23-70 

Oxide of manganese . 

0-42 

0-60 

0-60 

3-00 

2-40 




Siiboxide of copper . 
Alumina . . • 

0-21 

8-92 

4-60 

* 4-80 

1-60 

12-90 

8-70 

10-00 

6-20 

11 60 

Ijiino . • • 

7-83 

4-40 

7-00 

1-00 

12-80 

4-40 

30-20 

9 00 

Magnesia . 

0-53 

. . 

. • 

0-90 

0-60 

• • 

1-00 

1-00 

Teroxide of antimony 

0-70 








Oxide of zinc . 

. . 

6-20 

0-50 






Protosulphide of iron 

. a 

2-20 

9-00 






Sulphide of zinc 

• » 

• * 

* • 

• • 

• •* 

lU Zv 
17*60 



Baryta 

• • 

• • 


' 

• • 


A A -1_ 



This matt is treated in the same manner as oeiore, oui m uio iuurtu ma.u 
has accumulated to such extent, that it is called the copper matt, and is treated for that 

Tlds accumulation of copper is always observed, however smaU the percentage of 
copper in the original ore. The copper, having a stronger affinity for sulphur than lead, 
go«*H on accumulating in these malts, and generally pays for its extraction. 

The mixture smelted in these Clausthal furnaces, consists of : 

34 parts of ore containing 24 of galena. 

4 to 5 „ cupel bottoms. 

1 „ the abstrichs from the refinery. 

89 „ ore slags. 

4^ „ granulaU^d cast iron. 

which mixture is stated, by Rcgnault, to produce 19 pts. of metal, and 7 or 8 pts. of 
the first matt, containing 2^ pts. of metal. 

V, Condensation of the ]bead Fnme, 

Since attention has been drawn to the great loss of lead in smelting its ores, 
numerous plans have been proposed to recover a portion of the meUl in the form of 
fume, no fewer than sixteen patents having l>een enrolled for t his object. 

Where sufficient space exists, the plan most generally adopted is that of long fines 
and chambeis. In some cases these flues extend for 5 mi es In ^r. BeanmonU 
tensive works, his able engineer, Mr.Sopwith, added nearly ft miles of flue to one inill, 
the flue being 8 ft. high by 6 ft. wide. The saving in lead m these flues of Mr. 
Beanmont, is said to exceed £10,000 per annum. 

Of the many plans which have been suggested, wc will select two which are in suc- 

cessflil operation. 

1. Stokoes Condenser. 

This apparatus is represented \afig. 63ft, and has been found to answer remarkably 
well at Langley mill, as the details of an experiment, given on p. 525 amply prove. 

A is the top of the fume-flae ; B is a wheel fixe.l in a motel ease set in rotrtion by 
steam orwater power, with a speed oflO.tOO revolutions per minute, "hich the f^s 
is withdrawn from the flue and forced through the condenser. ?•>'« 
anguUr, divided longitudinally by woorlen rails K A, Uid honsonta ly, ^ “ 
U7er of pebble-stones, or other filtering material, w nla^. The condewer is f^her 
sepirated into compartments, D. D, by the vertiesl divisions, C, C, 
r^h the top. and below the surfece of the water. The water flows from an opra 
trough, M. divided crossways, immediately a ^ve B D, into 

each of which is sgun subdivided by four or low parallel partitions. The bottom 
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of tbme cuterDB, E {$ perforated. The water is supplied by a pipe, D G and the 
bottom of the condenser is kept filled with water to the level shown at F F. * 

The ftime is with^im from the flue, and forced up and down through the filterinir 
in the direction of the arrows, until the residual gases escape at H, into the 
chi^ey, L. These ftunes, in their passage through the condenser, come in contact 
inth the water from E E, which is constantly falling in fine showers over the filtering 

Fiy. 635. 



beds. The water carries down all the fume into the reservoir. F- F when/*i^ .*a 
occasionally drawn off at K. * * waenco it is 

The following table (p. 625) gives the results of an experiment, on the larne scale 
wicn one ox these condfmsers. ° * 

Stagg* 8 Condenser, 

“ repr^ientcd in fig. 636, in which a is the fume flue, hhhh,& cistern 
constructed of wood or any other malcrinl, with partitions, dividing it alternately 

Fig. 036. 






e*it-Le"for^hl”uncoIidTn*ed'gXT 

is drawn through the water f^rh. J *'«"g set in motion, the fume 

into tanks to allow the fume to sulS ’ * *■““ 

I., .tig, a. „ i ,. S :'.8 " 


Nature of (Umace. 


Ore hearth • , 

Reyerberatory , , 

Refining and reducing. 
81ag hearth . 


Qiuutitf of lend Volume of nnoke 
operni^ upon or pro. emitted from tucb 
duced |>er «nnum. furnace per nioute. 

. cubic feet. 

250 1,000 

500 ^ 1^500 

50^ 1,500 

3,000 


Annual Mfing 
eflbcted on each ope* 
'•‘too In Jeml. 






Balance in long fine slags, &c., 

proved by ££!^ial experiin<*nt. 
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The eompooition of the fhmes produced ttom different operations and loealitiei^ is 
given in the following tables: 


Tablb t — Analyses of Fumes from the Beverberatory Furnaces, 


Locality . 

• • 

Pontgibaud* 

AlfttOO 

Moor. C0“«“i. 

Redruth. 

Freiberg. 

Authority . • 

Berth! er. Rirot. 

Berthier. 


Rammeltberg. 


Protoxide of lead 
Sulphate of lead 

Arsenious acid 
Sesquibxide of iron 

Oxide of zinc . 
Carbonate of lead 

Sulphate of zinc 

Sulphide of lead 
Oxide of copper 
Alumina . 

Silicic acid 
Clay 


6000 3900 65-60 

2-00 1-50 


10*20 42*60 

65-60 89*00 


2*70 13*80 

36-00 . . 


3493 

( Arsenic & 
antimony 
O-W 

(Protoxide 
\ 3*80 

2716 
Lime 0*71 
j Magnesia 
; 0*39 



Locality 


Tablb ll.-— -Analyses of Fume from the Bejinery, 

• • I Pontgibttud. Villefo 


Protoxide of lead 
Sulphate of lead 
Arsenious acid . 
Oxide of antimony 
Oxide of zinc . 
Oxide of bismuth 
Carbonate of lime 
Carbonic acid • 
Silicic acid • 
Clay 


Tablb lll,^Analys €s of the Fumes from the Blast Furnaces, 
I^ocality . • . . . 


40-00 

71*20 

20-00 


3*00 

• • 

• 17*80 

/ • • 

• • 

17-00 

• • 

• • 

• . 

6-00 

20*00 

4*60 


Oxide of lead . 
Sulphate of lead 
Arsenious acid 
Scsquioxide of iron 
Oxide of zinc . 
Carbonate of lime 
Carbonic acid . 
Sulphuric acid 
Silicic acid 


berg. Fontgibaod* 

27*90 10 00 e^idiol 
13-00 *7 00 . ' 


Halt- Pont- 
briicka. gibaud. 

1*60 80-1 
• • 9*0< 


3*00 13*00 

49-60 10*00 12-00 3*10 96*00 


Metalho lead 







LEADt Alloys. 627--683 

AUbOn OF« Lead ibrnia alloja with MTexal metals by timpld fhsioii, 
and many of these alloys are definite chemical compounds, which produce mechanictil 
mixtures when fused with either of the constituents in excess. This latter fact has 
given rise to the metallurgical operation of oliquation. 

1. With Antimony. — Lead alloys itself with this metal in several proportions, 
and the alleys are harder, more tender, and oxidise more easily than lead ; they are 
also more fusible, as well as harder than either metal. 

An alloy of equal parts of the two metals is porous and brittle : 2 pts. of antimony 
with 1 pt. of lead pr^uce a very hard alloy, capable of receiving a fine polish, and 
used to make the keys of wind instruments; 3 pts., and even 4 pts. of antimony to 
1 pt. of load produce a hard but malleable alloy. An alloy of load and antimony is 
used in making tyj>e~7n€tal, a little zinc 8eing sometimes added. Some type-founders 
ad^ pt. of tin, but this addition is only suitable for stereotype plates. The plate on 
which music is printed is composed of 12 pts. tin, 7 lead, and 1 antimony. The 
ordinary composition of type-metal is 83 pts. lead and 17 antimony. 

Emery wheels and grinding tools for the lapidary are formed of an alloy of antimony 
and lead. 

Mr. Jas. Nasmyth has suggested the use of lead as a substitute for all works of art 
hitherto executed in bronze or marble. Ho states that the addition of 6 per cent, of 
antimony gives it not only hardness, but greater Ciipability to run into the most delicate 
parts of the work. An alloy of this description, analysed by Karsten, and correspond- 
ing with the formula Pb®8b, was found on the hearth of a smelting furnace at the 
Mulder Works: it contained 9010 p.c. Pb, 6*48 8b, 1*42 Zn, 1-60 Cd, 0*24 Ag, and 
traces of Ni, As, and S. 

2. With Arsenic. — The presence of this substance renders lead brittle, greyish 
white, and very fusible. The application of heat expels a portion of the arsenic, but 
the remainder resists the highest temperature. 

This alloy constitutes the metal of which shot are cast, 40 lbs. of metallic arsenic 
being mixed with 20 cwt. of load. It also exists native at Olausthal in the Hurts, 
and 18 composed of 67*63 p.c. Pb, 24*19 As, 4*41 mispickol FoAsS, 2*26 Fe, 0’64 8, 
and 0*7 Co. 

3. With Bismuth. — This metal unites with load in all proportions, with condensa- 
tion. Some of the alloys are more malleable tluin load, but the malleability diminishes 
as soon as the quantity of bismuth equals that of the load. 

When 3 at. lead are united to 2 at. bismuth, the mixture has only one solidifying 
point, viz. 129^^ C., but in PbBi, this point is 146°; in PbBi* it is 143°, and with 
Eb’Bi* the temperature is between 163° and 171^. 

These alloys have no special application in the arts, but they are used to adulterate 
mercury. An alloy of 1 pt. \em, I pt. bismuth, and 3 pts. mercury, is really an 
amalgam, which is sufficiently fluid Xaj pass through chamois leather. 

An amalgam of 2 pts. bismuth, 4 pts. lead, and 1 pt. mercury, is solid in the cold, 
but when pieces of it are rubbed together, they immediately melt. 

Lead and bismuth occur associated in nature, in the mineral Kubellitef already described 
(p. 448). 

4. With Bismuth and Antimony. — When antimony is added to the previous 
alloy in quantity equal to the bismuth, a metal is obtained which expands on cooling. 
Advantage is taken of this in casting stereotype plates. Tliis alloy, according to 
Mackenzie, contains 70 p.c. lead, 16 antimony, and 15 bismuth. 

6. With Chromium.— The alloy which contains 0*26 of chromium is fusible at 
150° C., ashy-grey, but whiter than lead. It can be hammered into thin sheets, which 
are very brittle. Nitric acid dissolves the lead without attacking the chromium. . 

6. With Copper.— The alloys of lead and copper are difficult to prepare and to pre- 
serve at a high temperature. The copper must bo introduced into a bath of lead 
heated above redness, and the alloy rapidly cooled ; even then some portions are 
reddish-coloured, indicating the commencement of a disunion of the elements. If the 
alloy is heated to the melting point of lead, the latter abandons the copper, which is 
left in the form of a porous mass. 

' The process of eliquaiion is founded upon this fact, and as the silver present in the 
copper has a great affinity for the lead, the latter carries off the silver, which is sepa- 
rated in the manner alre^y described (ii 32). 

In. smelting sulphide of copper containing sulphide of lead, the latter metal passes 
off in great measure in tlie soorim in the first operations, but is found in the c^^pper 
of the subsequent treatment. 
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Therd would appear to be two alloys of these metals, one containing more conne 
and melting ^ a higher point than the other, which contains more lead. 

Small quantities of leil diminish the ductility of copper at ordinaiy temperatures, 
and at a red heat. Copper containing even 01 per cent of lead, may still be usedj^ 
ordinary purposes, but it cannot be formed into thin sheets or wire. 

The alloy of 4 pts. of lead to 1 pt. of copper is employed for casting laige movable 
types. 

7. With Manganese.— When a mixture of 892 pts. of protoxide of manganese and 
2789 pts. of litharge are heated with a little charcoal in a charcoal-lined^cible a 
homogeneous, compact, and ductUe alloy is obtained, which can bo rolled into thin 
sheets of great lustre. 

8. With Mercury.— This metal is easily* alloyed with lead, either by introducing 

the former into the latter in a melted state, or by triturating lead filings with the 
mercuiy. ® 

The amalgam possesses a brilliant white colour, and stUl remains liquid even 
Vith as much as 33 per cent, of lead, but it soils the fingers. The amalgam of equal 
parts can be crystallised, and a piece of lead plunged into this amalgam is found 
covered with crystals when it is withdrawn. 

The amalgam has a higher specific gravity than either of the metals, owing to the 
contraction winch they undergo in combining. 

The presence of 0 0002 to 0 C0025 of lead improves the mercury for use in barome- 
ters and t hermometei-s, as the latter metal has then not so great a tendency to form 
globules oil the convex surface of the glass. 

9. With Mercury and Antimony.— Wcttcrstedt has found that the addition of 
a small quantity of mercury to the alloy of antimony and lead removes the tendency 
ot tins metal to oxidation. He has proposed to use the triple alloy as a sheathing fof 
ships. It iM composed of 94'4 per cent, lead, 4 3 antimony, and 1-3 mercury, and is 
said not to he so rapidly encrusted with barnacles, &c. as copper sheathing. 

10. Witli Potassinm and Sodium.— The alloys of lead with these metals are 

formed nvIkmi a reducing alkaline flux is fused with oxide of lead, as first noticed by 
V ; and Serullas has described the properties of one of these alloys, obtained 

when 100 pts. of litharge; are strongly heated with 60 pts. of cream of tartar. The 
alloys cun a so ho prepared directly; that contaiuing 25 per cent, of its volume of 
potassium IS brittle, with a coarse-grained fracture. A similar alloy with sodium is 
b msh jv„d imaioaV, .< but that with one-third of Bodium is brittlo. These aUoys, 
dist ilh'd with the iodides of ethyl, methyl, &c.. yield the lead-compounds of the alcohol- 
radielcs. (See Lead kadicles, Ouoanic, p. 060.) 

fused with this metal in all proportions, but the density 
1 ^ correspond with the specific gravities of the two 

metals. 1 he following table contains the results of Kupffer’s experiments 


Composition of the 

SpeciOc Gravity. 


Meltlns 


Found. 

Calculated. 

Difference. 

Point. 

Lead, pure , 

Tin, pure . , 

SnPpb* . 

Sn Ppb* , , 

8nl»pb* , 

8nPpb« . 

PpbSn* . 

PpbSu* 

. . 

Ppl>8n* 

PpbSn* 

11*3803 

7-2911 

9*4263 

10*0782 

10 3868 

10 6551 
8*7464 
8*2914 
8*1730 
8*0279 
7*9210 

. . 

9*43’66 

10*0936 

10*4122 

10*6002 

8*7518 

8-3983 

8*1616 

8*0372 

7 9626 

- 0-0103 

C 0-0164 
* ‘ 0-0264 
0-0431 
0-0064 
0-0069 
0-0096 
0-0093 
0-0116 

3360 

230 

241 

239 

196 

186 

189 

194 


The lead, to soft in itself, has the singular property of increasing the haidncM of 
the tin : it slightly darkens the colour, gives a grained fracture, and causes the necu- 
liar creaking sound, produced on bending tin, to disappear. 

The alloys of lead and tin are distinguished by the facility with which they Ignite 
and burn. The alloy of 4 or 6 pts. of lead and 1 pt tin bums like charcoal at ated 
heat, the combustion continuing like that of an inferior peal, with the formation of 


• So s 118 : Ppb s 107. 
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m 


Tin. 

Lead. 

Melting Point. 



Tin. 

Lead. 

Melting P 

1 

25 

668® 

No. 

7. 


1 

3340 

1 

10 

641 

1 , 

8. 

2 

1 

340 

1 

5 

611 

tt 

9. 

8 

1 

366 

1 

3 

482 

10. 

4 

1 

366 

1 

2 

441 


11. 

5 

1 

378 

1 

1 

370 

it 

12. 

6 

1 

381 


cauliflower excreacenceB. This action appears to b« due to the affinitj whi^ forfiti 
between the two oxides. The oxides so formed, when fused either alone or fdih sflica 
and an produce a white opaque enamel used for and also in 

The soldere used by plumbers vary much in cotoposition, but there are three com* 
monly known as fine solder, composed of 2 pts. of tin and 1 pt. of lead ; common solder, 
conUuning equal pts. of each metal; and coarse solder, composed of 2 pts. of lead to 
1 pt. of tin. Tomlinson gives the following table of the composition of these ailoyi 
und their melting points:— 

No. 1. 

» 2 . 

. „ 3. 

» 4. 

» 5 . 

„ 6 . 

No 6 is also called plumber’s sealed solder, which is assayed in the same waV al 

. .. 1 ..1 UQ 41... nrx«Y..^Qntr Vrt R im 


pewter and then stamped by the officer of the Plumbers’ Company. No. 8 is ua 
soldering cast iron and steel, sal-ammoniac or common resin being used as flu^ 
This ^oy is also used for tinned iron, with chloride of sine or resin as the 
flux. 5old and silver are also soldered with No. 8, and Venice turpentine for a flux. 
The same alloy is used with copper, brass, gilding metal, pn metal, &c., and sal- 
ammoniac, chloride of zinc, or ream as the flux ; with zinc, and chloride of zinc as flux; 
with lead and tin pipes, with a mixture of sweet oil and resin as flux ; with Uritanuia 
metal, and chloride of zinc or resin as flux. The aUoys 4 to 8 are used for ordinary 

plumber’s work, w'ith tallow as flux. , . i • • - * 

Peu'ter is another alloy of these metals, and the trade m this article is so important 
in this countiy, that the pewterers have formed an incorporated company ever since 
1474. 

Common pewter is composed of 80 pts, of lead and 20 pts of tin, hut other metals 
are sometimes added, such as copper, antimony, and zinc. The manufaetun*ro ()f 
p« wter state that a better pewter is obtained by working up old pewter with fresh 

luitzapfel gives the following account of these alloys ‘^Some pswters are now 
ma le as nearly as common as that of equal parts of the metals: when cast they are 
black, shining, and soft ; when turned, dark and bluish. Other nowters only contain 
I or i of lead; these, when cast, are while, without gloss, and hart; such are pro- 
nounced very good metal, and are but little darker than tin. The hrench legislature 
sanctions the employment of 18 per cent, of lead with 82 per cent, of tjn as quite 
harmless in vessels for wine and vinegar. The finest pewter, fluently callrt tm and 
temptr, consists mostly of tin, with a very little coppcT, which makes it hard and 
Buoiewhat sonorous, but the pewter becomes brown-coloiped when the copper is in 
excess. The copper is in(‘lted, and twice its weight of tin is mlded to it, and fWuri 
about A to 7lbs. of this alloy, or the temper, are added to every block of tin weighing 
from 360 to SOOlbs. Antimony is said to harden tin, and to preserve a more sih'cry 
colour, but is little used in fiewter. Zinc is employed to cleanse the metal, rather than 
as an ingredieut. Some stir the fluid pewter with a thin strip, half zinc and half tin; 
others allow a small lump of zinc to float on the surface of the fluid metal, while they 

are casting, to lessen the oxidation.” i , rri 4 

hlaie pewter is the hardest, and is used for making plates and dishes. The pewter 
called trifie is used'for beer-pots, and ley for the larger wine measures. 

Pewter wares are formed either by hammering or by casting, plates and dishes being 
hammered, while measures and spoons are wist. JVwter is alw made in the foi^ of 
slu^ets for engraving cheap music, the softness of the ineUl allowing the notes to be 
formed by means of punches, instead of engraving with a burin. 

I^Apidaries, jewellers, and watchmakers use lajis and polishers of pewter. 

Although lead is so poisonous a metal, it can be employed m domestic utensils, 
when alWod with tin, which would appear to iicutniUse this action of the lead In 
an aUoy of 3 pts. of lead and 1 pt. of tin. Proust and other chemists have found that 
vinega; dissolves out nothing but the tin; but for domestic utensils, Vauquelin has 
sboira that the lead ought not to exceed 17 or 18 per cent. An alloy of 8 pts. of lead 
and 6 pts. of tin is used for tinning oerUin articles of wpper. a oa 

The briUiants of Fahlun are made rtfh alloy of 19 pts. of lead aDd.29 pts. of 
tin, which are fused together and aUowcd fowl for a short time. At this point tJie 
alloy adheres to a glasa tube cut into focota, on which il is allowed to solidify, and 

voL.m. mm 
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ftom which it caa afterwards be easily removed. A lens plunged into this alloy forms 
a brilliant mirror. ... 

These alloys form superior baths in which to temper vanous articles of sted; the 
following table contains all the information on the subject : — 


Alloy. 

Temperature. 

Objects to be tempered. 

Lead. 

Tin. 

C. 

F. 

14 

8 

213*4° 

415*4° 

Lancets. 

16 

8 

221 

429*8 

Other surgical instruments. 

16 

8 

225 

437 

Razors. 

17 

8 

240 

464 

Penknives, scalpels, cold-chisels. 

28 

8 

267 

494*6 

Shears, gardeners’ tools. • 

38 

8 

262 

603*6 

Hatchets, axes, planes, dressmakers’ scissors. 

60 

8 

275 

627 

Table-knives, large scissors. 

96 

8 

284 

643*2 

Swords, watch-springs, &c. 

100 

8 

289 

652*2 

Strong springs, poniards, augers, small 
saws, &c. 


For higher temperatures recourse must be had to other baths. 

Alloys of lead and tin are also employed in making anatomical injections. 

12. With Tin and Bismuth. — Those ternary compounds are well known under 
the name of fusible alloys. They melt at low temperatures, some even below the heat 
of. boiling water. This is one cause why they are so rarely obtained in a perfectly 
homogeneous condition. 

There are several of these alloys known by the name of the first observer; thus, the 
following all melt below the boiling point of water : 


Observer. 

Lead. 

Bismuth. 

Tin. 

Melting point. 

Homberg. 

. 1 

1 

1 

122*00 C. 

Ruse . 

. 1 

2 

1 

93*76 

Newton . 

. 6 

8 

3 

94*44 

Lichtenbeig . 

. 2 

5 

3 

104*00 

Kraffl . 

. 2 

6 

1 


In whatever proportions the three metals are mixed, they exhibit one fixed solidifying 
point, at 98^^ C., and two higher points which are variable. 

Whi-n 120 lbs. of an alloy, consisting of 3 pts. tin, 2 lead, and 6 bismuth, are melted, 
they yield, on cooling, tolerably definite crystals, which melt below 100° C., and con- 
tain nearly equal numbers of atoms of the three metals, or 1676 per cent, tin, 26*56 
lead, and 67*68 bismuth. 

The melting point of fusible metal is raised by the addition of potassium. 

This alloy presents many anomalies in its dilatution and contraction ; thus, at a 
temperature from aero up to 36° C., the volume increases in the proportion of 
100 : 100*83, and it diminishes up to 66° C. in the ratio of 100*83 : 99*13, which is its 
point of greatest density; it then begins to expand. It is remarkable that its 
maximum volume, reached at 36° C. is the same as that which it possesses at 96° C., 
which is the melting point of Rose’s alloy. 

It is impossible to determine the melting point of those alloys except by experiment; 
thus, in Newton’s fusible metal, which melts between 19^° and 200° F., the theoretical 
point ought to be 620°, as shown by the calculation, 

8Bi X 600° + 6Pb x 600 4- 3Sn x 442 . w 


The following table contains the melting points of various alloys of these three 
metals: 


BUroath. 

Lead. 

Tin. 

Mel ting point. 

Bismuth. 

Lead. 

Tin. 

Melting point. 

8 

12 

8 

130*90° C. 

8 

8 

8 

12210°C. 

8 

6 

3 

94*44 

8 

10 

8 

127*60 

8 

6 

a 

97.78 

8 

10 

8 

147*40 

8 

8 

3 

109*64 

8 

16 

10 

149*60 

8 

8 

4 

112 20 

8 

16 

12 

141*90 

8 

8 

6 

116*06 

8 

16 

14 

139*70 
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m 

IBMtth* 

. LsmI. 

Tin. 

Msltifif Point. 

BUmuth. 

Lead. 

Tin. 

MoltlntPoInl. 

8 

16 

16 

140*80° C. 

8 

28 

24 

i63 oo<» a 

8 

16 

18 

144*10 

8 

30 

24 

170*60 

8 

16 

20 

147*40 

8 

32 

24 

176*00 

8 

16 

22 

162*80 

8 

32 

28 

165*00 

8 

16 

24 

164*00 

8 

32 

30 

163*90 

8 

18 

24 

152*90 

8 

32 

32 

168*40 

8 

20 

24 

151*90 

8 

32 

34 

167*30 

8 

22 

24 

161*80 

8 

32 

36 

168*40 

8 

24 

24 

162-90 

8 

82 

38 

169*60 

8 

26 

24 

168*40 

8 

32 

40 

160*60 
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It is remarkable that the tin, which melts below the fusing points of both b^d and 
bismuth, should raise the melting point of these alloys. 

These alloys are of great value in regulating the tempering of delicate articles of 
cutlery. They are also used for taking impressions of medals, bas-reliefs, and on 
the Continent for producing costs of metals by the clichi process. They can also bo 
employed to take casts from the surface of wood and embossed paper. Beautiful 
casts of the internal ear, showing the complexities of its bony cavities, have been made 
with them; also cake-moulds for the manufacture of toilet soaps. 

Two of these alloys are well known in this country under the names of Britannia 
mttal and Queen's metal. The former is composed of oqusil parts of brass, tin, anti- 
mony and bismuth; the latter of 1 part each of antimony, lead and bismuth, with 
9 parts of tin. Both are used for making teapots, spoons, &c. 

A safer and better alloy is said to be made by adding to 100 pts. of French pewter, 
6 pts. antimony and 5 pts. brass, to harden it. 

In Birmingham, teapots, milk-jugs, &e. are made into form by a process called 
spinning, which consists in bringing the Hhe<*t of pewter against a rapidly revolving 
tool, by which, with' a little dexterity on the part of the workman, it is gradually 
fashioned. 


13. With Tin, Mercury, and Bismuth. — The addition of mercury to tln^ three 
iTK'tals forming th^ previous alloys renders them much more fusible, and con)inunioate« 
some new properties. 

D’Arcet’s alloy, similar to Newton’s, when amalgamated with mercury, melts at 46'^ C. 
This alloy or amalgam is specially valuable in making anatomical jireparations. It is 
infroduotd into the parts of the body in the liquid state, and allowed to solidify. The 
hesh and other animal matters are ufbTwards dissolved and removed by a strong 
solution of potash. 

The interior of glass tulK*s, globes, &c. are tinned by moans. of this amalgam, which 
is iKiured into the ves-sel by means of a funnel, in the liijuiil state, and gently agitnteil. 
The surplus is then poured off, and the operation is complete. Glass of different 
colours is employed, and objects of groat beauty are thus easily prepared. 

The best compound is composed of 1 pt. lead, I tin, 2 bismuth, and 10 mercury. 
The first three are fused together, and then tho mercury is added. 

14. With Tin and Copper. — An alloy of these metals was used by the Homans for 
ca.sting statues, &c. It was formed of 67T2 jicr cent, natural bronze, 22 37 old bronze, 
6'2d tin, and 6'26 lead. 

Bronze is made of copper and tin, to wdiich some manufacturers add a little lead, 
and in the analyses of several ancient coins by BhiJlips, lead appars to have been an- 
important constituent. (See Table, v«>l. ii. p. 45.) 

When lead is mixed with copper iii the proportion to 6 to 1, ordinary pot-metal u 
formed, called dry pot-metal, a quality which is characteristic of these alloys. 

British hell-metal consists of 6*6 per cent, zinc, lOT tin, 4*3 lead, and 80*0 


cojmer. , 

Biddery ware is made in India by combining 2 pts. of tin, 4 pts. lead, and 16 pts, 
copper, and is afterwards melted intne proportion of 3 pts. to 16 pts. of zinc. 

The other alloys of copper to which small quantities of lead are added are described 
in another part of this dictionary. 

16. With Zinc. This metal communicates hardness to lead, and the property of 

receiving a fine polish, without diminishing the malleability. The two metals may bo 
fused in any proportion, but the alloys are all decomposed at a white heat, the zinc 
being volatilised, and carrying off with it largo quantities of the lead. 

The presence of lead in zinc, however, is said to be injurious to the latter metal 
when rolled into sheets, diminishing its elasticity and probably its tenacity. 

^en equal quantities of lead, zinc, and bismuth are fused, an alloy is obtained which 
melts in boiling watesr. 
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The alloy of lead^ tin, and jnne, ZnSn*Pb*=ZnSn*.2PbSn*, has but one eolidifyine 
points viz. at 168® 0., but all other alloys have also two higher points, 6 and e. 


Zinc. 

3 

Atomf. 

Tin. 

11 

Lead.* 

2 


Solidifying point*. 
a. b. c. 

168® . . 182® 

1 

6 

1 


168 

171® 

204 

1 

9 

1 


168 

178 

183 

1 

9 

2 


168 



1 

12 

2 


168 

, 

178 

1 

12 

8 


168 

172 


1 

18 

4 


168 

172 

178 

1 

21 

6 , 


168 

, , 

175 

1 

33 

10 , 


168 

. . 

178 

BBAB, AWTZMOirZBB OF. 

(See p. 

532.) 




ZiBAB, ABSBirZBa OF. (See p. 532.) 

XiBAB, BROMZBB OF,PbBr*, is obtained by the same processes as the chloride, 
which it resembles in crystalline form. It is somewhat less soluble in water, and 
melts out of contact with air, at about the same temperature as the chloride, to a white 
horny mass. By fusion, in contact with the air, it is converted into a basic bromide 
or oxybromide. It unites with the bromides of potassium and sodium, forming crys- 
talline double salts, which, however, are decomposed by water. 

Acetobromide of lead, Pb"Br*.Pb"(C*H*0*)*, orPlumhohromacet | 

is obtained like the corresponding chlorine-compound (p. 539), which it resembles in its 
properties and reactions. (C a r i u s.) 

ZiBABi BBOMOCABBOITATB OF. An insoluble compound, produced by 
boiling together equivalent quantities of bromide and carbonate of lead. It fuses 
readily, and when further heated gives off carbonic anhydride, and leaves an oxy- 
bromide of load. 

A broTnophoephate and bromophospkite of lead may bo formed in like manner. 

XiBABf OBZiOBZBB OF. PbCP, Magistcrium plumbi, sometimes called Horn- 
lead . — Lead unites but slowly with chlorine, the combination not being attended 
with visible combustion ; it is also but slowly attacked by hydrochloric acid, and 
only when in contact with the air; on the application of heat, it dissolves slowly, 
witii evolution of hydrogen. The chloride is prepared by boiling the protoxide, or 
carbonate, or sulphide of lead, with water, into which hydrochloric acid is dropped as long 
as the resulting chloride of lead continues to dissolve, or by adding hydrochloric acid 
or chloride of sodium to a concentrated solution of a lead-salt. Chloride of lead has 
also been found, as a natural product, called cotunnite, in the crater of Vesuvius, 
after the eruption of 1822, mixed with chloride of sodium, and chloride and 
sulphate ot copper. This native chloride occurs in triinetric crystals, in which 
ooP : ooP = 99® 46'; oP : Poo » 149® 14'; and the ratio of the principal axis, 
brachy diagonal and macrodiagonal, is as 0*6953 : 1 : 1 1868. The observed planes 
are ooP, ooPoo , ooPoo 2Poo , Poo . Also acicular crystals. It is soft enough to be 
scratched by the nail, and has a specific gravity of 5*238. Lustre adamantine, inclin- 
ing to silky or pearly. Colour wliite. Streak white. (Dana, ii. 97.) 

Chloride of lead dissolves in 135 pts. of cold water, in less than 30 pts. of boiling 
water, and separates from the solution in long, flat, needle-shaped crystals. It dis- 
solves in pure water, and in strong hydrochloric acid more eiisily than in the dilute 
acid, and therefore separates from the acid solution on federate dilution with water, 
and from the saturated aqueous solution, on addition o^Qrdrochloric acid. It is also 
somewhat soluble in weak alcohol, very sparingly in al^onol of 76 per cent., and in- 
soluble in alcohol of 94 per cent. Its solubility in water is greatly diminish^ by the 
presence of chloride of calcium. In solutions of alkaline hyposulphites, or of acetate 
of sodium, on the contrary, it is much more soluble than in water, so that, on mixing 
a solution of 190 pts. acetate of lead with 68*6 pts. chloride of sodium, only 43 to 48 
jjts. of lead-chloride are prt‘cipitaTed, whereas 1-39 pts. are formed. A solution of the 
chloride in strong hydrochloric acid is not precipitated by sulphydric acid, but on ad- 
dition of water, pnn’ipitation immediately takes place. A solution of lead-chloride 
mixed with aqueous sulphydric acid containing hydrochloric acid, forms a yellow or 
reddish-brown precipitate of sulphochloridc of lead (p. 559). An aqueous solution of 
the chloride mixed with sal ammoniac is not precipitated by sulphuric acid. 

Chloride of lead melts when heated out of contact with air, and may be sublimed, 
though with difficulty ; the fused moss solidifies on cooling, to a white translucent 

• Atomic weight of tine «= of tin m 1IS( oflcMl « 907. 
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flssupedmasa of specific gravity 6*8, formerly called horn -lead. When heated in 
contact with the air, it fumes strongly before the heat rises to redness, then turns 
yellow, and is converted into an oxychloride (p. 566). When it is heated in a stream 
of carbonic arids, chloride of carbonyl (phosgene) COCl*, is formed, and metallic lead 
is semrated (Gob el). It quickly absorbs ammonia-^as. When it is moderately 
heated in phosphoreitcd hydrogen gAs, hydrochloric acid is given off, phosphorus distils 
over, and metallic lead remains. A solution of hypochlorous acid converts it into 
peroxide of lead. 

Acetochloride of lead, Pb"Cl*.Pb"(C'II*0*)*, or Plumhoc h loracetin, 
monoclinic crystals, by mixing recently procipitatotl chloride 

of lead with acetate of lead, and a sufficient quantity of glacial acetic acid to form a 
viscifl mass, which solidifies in a short time, and either fri'oing this mass fi\)ra excess 
of acetic acid by pressure, or heating it in a sohUmI tube to 130 ^ or 140 ® or togetlier 
with acetate of ethyl, by the action of acetate of lend on chloride of ethyl. It dissolv^es, 
though with difficulty, in acetic acid without decomposition, but is decomposc<l by water, 
with separation of a small quantity of Icad-chlorido, and formation of the compound 

(CGPO)«>o« 

Pb"Cl*.3Pb"(C'*II*0*)* or which dissolves in the water, and may be re- 

crystallised without decomposition. It is decomposo<l, however, by glacial acetic acid, 
which leaves the original compound. The coinp^mnd, | qP is analogous to glycolic 

C*IPO 10.. 

chloracotin, ("• 568), and may therefore be called plumboch loracetin. 

(Carius, Ann. Ch. Pharm. cxxvii. 87.) 


(C0)\ o* 

X.BAO, CHliOROGARBOlTATB OP. 2PbCl.Pb‘CO», or / I This 

p(,*; JCP 

compound is produced jis a white insoluldo powder, by boiling 1 at, c.iirbonate of load 
with 2 at. (or more) of the chloride, and water. It also occurs native, though rarely, 
as corneous lead or korasin, in acute quadratic pyramids in which P t P in the 
lateral edges = 113® 48', and in the terminal edges ^ 107® 22'. Observed faces 
cePoo , P, 00 P, P and others. Cleavage distinct parallel to ooP. The minenil likewise 
f)ccurs in botryoidal and stalactitic forms. Hardness « 2-5 to 3 0. Specific gravity 
« 6 0 to 6’1. Colour white, grey, an<l yellow. Streak white. Transparent to translu- 
cent. Fracture conchoidal. Ibithcr sectile. It occurs at Crawford, near Matlock in 
Derbyshire, in minute crystals at a lead mine near Klgin in Scotland, and at Tamowita, 
in Upper Silesia, where also largo pseudomorphs of lead-carbonate (cerusite) in the 
form of this mineral are found. 


lk)th the natural and the artificial compound fuse rea^lily, and are converted at a* 
higher tomperaturo, with loss of 7'6 per cent. CO*, into the oxychloride, PbCP.PbO. 

XiBAR, CHZiORZODXSB OF. Obtained in pale yellow four-sided needles, from 
a solution of the iodide in boiling hydrochloric acid; it is gradually decomposed by 
wator, which extracts the chloride of lead. (Labour^, J. Pharm. [3] iv. 328.) 

ZiBAD, ORZiOROFZiTI’ORZBB OF. PbClF. — Formed by precipitating aqueous 
fluoride of sodium with a boiling solution of chloride of load, or with a mixture of 
acetate of lead and chloride of sodium. It is a white pow<ler, which melts when 
heated, without giving off water or acid. Dissolves in water without decomposition, 
and easily in nitric acid. (Berzelius.) 

ZiBAB, CBXiOROPKOBFBATB OF. When a boiling solution of chloride of 
lead is poured into a boiling solution of phosphate of sodium, the latter being in excess, 
a pr^ipitiite containing PbCl*.Pb*(PO^)*.IPO is formed, insoluble in water, but soluble 
in nitric acid, which converts it into a nitrophrsphate (Heintz, Po^. Ann. Ixxiii. 
122). When, on the contrary, a boiling solution of phosphate of sodium is poured 
into an excess of chloride of lead, a precipitate is formed which, aocordiug to Heintz, 
i^s composed of PbCl*.2Pb*(POD*, but according to Oerhardt (Ann. Ch. rhys. [3]xzii. 
50.’i), of PbCl*.Pb*H*(POD*. The same compound is formed when a soluble phosphate 
Js precipitated by a load-solution in presence of a soluble chloride. 

The compound PbCl*.3Pb*(PO*)* occurs native aspyromorphite, sometimes pare, 
srmetimes naving part of the phosphorus replaced by arsenic, sometimes associated 
with fluoride and pnosphato of calcium. (See Ptromobphitk.) 

XdBU, ORZ.OROFROSFBZTa OF. Lead-salts added to a solution of alkalino 
phosphite, obtained by dissolving trichloride of phosphorus in water, and nentiulising 
w»^ an alkali, throw down a precipitate containing a compound of chloride and phos- 
phite of lead, from which boiling water extracts the former. 
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HWraCTIOir Airo mTItHATlOV OT* L Reactions in the 
dry Lead'Salts heated on charcoal with carinate of sodium or<yanide of potas* 

Slum, give, in the inner blowpipe dame, bluish-white, malleable beads of metallic lead, 
surrounded by an incrustation of oxide, brownish-yellow while hot, but light lemon- 
yellow on cooling. Added, in rather large quptity, to a bead of microcosmic salt, they 
* give on cooling, a bead having an enamel-white cdour, or yellow if quite saturate. 

11. Reactions in Solutions. 

Soluble lead-salts are colourless ; the metal is precipitated from their solutions by 
ginc or iron. 

Sulphydric acid and alkaline sulphides throw down sulphide of lead as a black or 
brownish-black precipitate, insoluble in cold and dilute solutions of acids, alkali^ and 
alkaline sulphides. In exttemely dilute solutions, only a brown colouring is produced. 
If the solution of the lead-salt contains free hydrochloric acid, the precipitate is red or 
yellow, and a large excess of hydrochloric acid prevents it altogether. 

Hydrochloric acid^ added to solutions not too dilute, throws down chloride of lead, as 
a white precipitate, slightly soluble in cold water, but more so in boiling water, deposited 
in needles on cooling ; less soluble in dilute hydrochloric acid than in water, but pretty 
freely in the strong acid ; apparently unaifected by ammonia, but rendered insoluble iu 
water, from conversion into oxychloride. 

Sulphuric acid and soluble sulphates throw down sulphate of lead as a w’hite pre- 
cipitate, scarcely soluble in cold water, (_. Fresenius), and in dilute sulphuric acid 

F re sen ius), almost absolutely insoluble in alcohol; soluble in strong hydro- 
chloric acid on heating ; in nitric acid more readily when strong and hot ; in concen- 
trated sulphuric acid, slightly ; in ammoniacal salts, more espe^Mally the acetate. 

Caustic potash or soda throws dow'n the hydrate of lead as a white preci{)itat{', 
soluble in acids, or in excess of the reagent. 

Ammonia throws down a white precipitate of basic lead-salt, insoluble in excess. 

Chromate of potassium throw's dow'u chromate of lead as a yellow precipitaU*, in- 
soluble iu water (slightly soluble in excess, according to Conybeare), 8olul>le in potash, 
insoluble in dilute nitric acid, converted by ammonia into a red basic chromate. 

Iodide of potassium produces a bright yellow precipitate of iodide of lead, wliich 
dissolves in boUiny water, and separates on cooling iu crystalline spangles, exhibiting a 
beautiful play of colours. 

Limits of HKAcrnoNS of tests for Lkad. 


Olio part of 

In wator, 

Hpagent. 

Authority. 

Lead 

100, 000 or more. 

Sulphydric acid. 

A. S. Taylor. 

Lead, as nitrate 

200,000 


Lassaigne. 

Oxide of lead, as do. . 

350,000 

M 

Halting. 

Nitrate of lead 

100,000 


Pfatf. 

Oxide, as nitrate 

20,000 

Sulphuric acid in cxc. 

Pfaff and J farting. 

Lead, „ , 

25,000 

jSuIpbale of sodium t 
( (in 15 minutes). ) 

liassaigne. 

Oxide, „ 

l___ . _ . 

70,000 

Chromate of potassium. 

Harting. 


The reactions with sulphydric, sulphuric and hytjiroehloric acids, taken together, 
serve to distinguish lead from all other metals. Tlie resfetdons with iodide and chromate 
of potassium are also very characteristic, 

III. Quantitative Estimation. 

1. Gravimetric methods. — Lead is generally most conveniently estimated os 
sulphate. The concentrated solution is mixed with a slight excess of dilute sulphuric acid 
anp about twice its volume of alcohol, fiUert'd after a few hours, the precipitate then 
WMlied with alcohol, and dried, and the filter burnt off. Or, a considerable amount of 
sulphuric acid may bo substituted for the alcohol, in which case the wash- waters must 
beals^ acidulated with sulphuric acid, and the hist washings displaced by alcohol. In 
burning olf, as much of the precipitate as possible is to be detached from the filter, 
which should be burnt separately, to guard against reduction of lead. In all cases it 
is safest to employ a poioelain crucible. 

^ 2. Lead also be weighed as oxide, into which it may be converted directly by 
ition, or after previous precipitation as oxalate or carbonate (results low), or os 
ite on a tared filler. 
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Volumtifio m€i\ods,—‘VLtiXkj methods have l^n proposed fbr the Tolum^trie 
ffitimation of lead, but the peatep number give only approximate results, 1. Flores 
Po monte adds to the lead-solution a quantity of caustic potash or sodi^ sufhcient to 
redissolve the lead-oxide at first precipitated, and then adds to the boiling liquid ftom 
% burette, a m?aduated solution of sulphide of sodium as long as a precipitate is thereby 
produced. The greater part of the sulphide of lead cakes together, but the liquid 
remains brownish, so that it is difficult to see when the precipitation is complete. * 
The method is, however, useful for technicid purposes. The strength of the solution 
of sulphide of sodium must be determined every two days. 

2. M arguer itte adds to an alkaline lead-solution, a graduated solution of perman- 
qanate of potassium^ which throws down the peroxides of lead and inanpinese, con- 
tinuing the addition till the liquid oxhibita a permanent m*een colour. The solution 
bumps very strongly when boiled, and the ready alterability of the solution of the 
permanganate necessitates frequent titration. 

3. Pappenheim, according to Mohr, adds to the lead-solution a graduated solu- 

tion of sulphate of potasmini, till the liquid no longer produces a yellow spot of ic^ide 
of lead on paper prepared with solution of iodide of potassium. This method yields 
nearly exact results. . - , , » 

4. Streng (Ann. Ch. Pharm. xcii. 413) supersaturates a solution of a lead-salt, 
or sulphate of lead suspended in water, with potiisli ; adds an excess of solution of 
chloride of liniCy and boils for a while, whereby the lead is entirely converted into ner- 
oxide. The precipitate is collected on a filter and wa.shed with hot water ; a hole is then 
made in the bottom of the filter, and the precipitate washed through into the vessel in 
which it was formed ; solution of stannous chloride is passed through the filter from a 
burette till all the peroxide of lead is washed off; the filter is again wash ml with hot 
water ; and an excess of the tin-solution is added, whert'hy tlie peroxi<le of lead is con- 
verted’ into chloride, which is then dissolved by heating it with water and hydro- 
chloric acid. If the excess of stannous chloride in the litjuid bo then determined by 
means of a standard solution of chromate of potassium, the whole of the data for calcu- 
lating the amount of lead present in the liquid under examination will bo obtained. 
This method is exact and often conv«uiient. 

6. The following process, given by H enipel (.Tahresber. 1853, p. 627), is, however, 
simpler, and has the advantage of admitting of a double verification, ITie loa<l is 
precipitated with a measured quantity of a graduated solution of oxalic acid added in 
excess; the liquid is neutralised with ammonia, and tlje precipitate collected on a 
filter; the amount of oxalic acid in the filtrate is then deU*rniined by means of a 
standard solution of permamjanate of potassium ^ and by deducting this amount from 
the total quantity of oxalic acid used, the quantity of oxalic acid combined with the 
lend is found, and tlience the amount of the leatl may bo calculated. 

The result may bo checked, either by digesting the precipitate in dilute sulphuric 
acid, which sets the oxalic acid free, and estimating the amount of oxalic acid in 
the filtrate with a solution of permanganate — or by igniting and weighing the 
precipitate. 

Mohr completes fin determination without filtration. He adds to the solution, m 
a fiask holding 300 cubic centimetres, a drop of tincture of litmus ; then adds, from a 
burette, a standard solution of oxalic acid as long as a white precipitate is formed ; 
satunites with ammonia till the liquid turn.s blue ; fills the flask with water ; loaves tho 
liquid to stand for about half an hour till it is sufficiently clarified to allow of 100 cubic 
centimetres being removed clear with the pipette; and determines tlu' free oxalic acid 
therein by means of a solution of permanganate, the quantity of which, multiplied by 
3, gives the data required for determining tho quantity of oxalic acid added in excess. 
It appears, however, that a small quantity of nitrate of lead is always precipitated 
tf>gether with the oxalate, fo that the quantity of oxalic acid used always appears too 
small. Mohr estimates the errors thence arising at 2 per cent. (Handw. d. Chern. 

Aufl. ii. [2] 33). On the whole, the volumetric methods of estimating lead do not 
appear to be so advantageous as the gravimetric methods. 

IV. Separation of Lead from other Metals^ 

From all metals, not precipiUble as sulphides in acid-solution, lead may be sepa- 
rated, bypassing sulphydric acid aas to saturation through the solution, prc^viously made 
ttioderately acid witn hydrochloric or nitric acid. The solution should also be mode-, 
rately dilute. If no other metal, precipitable by the gas, be present, the predpiUto 
will be sulphide of lead with an uncertain quantity of sulphur. If this is deflagrated 
with nitre, and the sulphur estimated as sulphate of bantim, the dilFerenoe bdween 
its wei^t and that of the precipitate, thorouglily dried at 100®, will dve the lead. Or, 
by oxiwaLaig the precipitate in a porcelain vessel with fuming nitric add, after dstachiog 
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it as much as possible from the filter, burning the filter, and adding the ash, we obtain 
a mixture of sulphate of lead with a little nitrate. This may be converted into sulphate 
by a slight excess of pure concentrated sulphuric acid ; the precipitate is then ignited 
and weighed, and the lead calculated therefrom. 

Of the metals precipitable by sulphydric acid, gold, platinum, arsenic, tin and 
antimony may be further separated by digestion of the mixed sulphides in sulphide 
of ammonium containing an excess of sulphur. If, after this treatment, any silver, 
mercury, bismuth, cadmium, or copper be left with the lead-sulphide, they 
may be separated by one of the two following methods : — 

If no bismuth is present, the solution containing the mixed oxides, is treated with 
carbonate of sodium, and then digested with cyanide of 'potassium, when, on filtering 
carbonate of lead will remain alone on the filter. ’ 

From bismuth, the lead may bo separated by the following method, applicable 
also to its isolation from mercury, copper, and cadmium, but not from silver, if 
present in any quantity Evaporate with excess of sulphuric acid until fumes of acid 
appear, cool, and dilute with water ; filter at once from the sulphate of lead ; wash with 
acidulated water and alcohol ; then dry and weigh. 

The method of precipitation by sulphuric acid, or a soluble sulphate, serves, indeed, 
to separate lead in solution without any preliminary treatment, from all metals, ex- 
cepting barium, strontium, and calcium (and perhaps silver, vid, supX and from these 
earth-metals it is easily separatt^d by sulphydric acid. 

, In alloys, lead may bo very conveniently separated from bismuth, tin, and antimony, 
and with rather more difficulty from arsenic, by converting all the metals into sulphides, 
and heating the sulphides in a stream of dry chlorine gas; all the other metals will 
then bo volatilised, the lead alone remaining. 


V. Valuation of Lead Ores, 

a. By the nut way.—K very convenient process for determining lead in ores, es- 
pecially in galena, consists m oxidising them with fuming nitric acid, adding sulphuric 
acid in considerable excess to the slightly diluted solution, filtering and washing the 
lesidue, as before directed, and after weighing, boiling it repeatedly with a strong 
solution of acetate of ammonium, which dissolves the lead-sulphate. The insoluble 
residue deducted from the first weight gives the amount of lead-sulphate, from which 
the lead may be calculated. 

b. By tU dry fc<7y.— For the purposes of assaying, lead ores may be divided into 
two principal classes t — 

A. Ores &c. which contain no sulphur, arsenic, or phosphorus. 

B. Ores containing one or more of the above elements. 

A. hirst class. In the assay of these ores, two j^oints require attention; heating 
with a reducing agent for Uie separation of the lead, and with an alkaUne flux to 
facilitate the formation of a clean button. Charcoal and argol are among the best 
reducing agents ; carbonate of sodium, liorax. deprived of its water by previous fusion, 
and suit, are useful us fluxes. Black flux, or a mixture of carbon in a fine state of 
division with carbonate of potassium, may also be employed. The following mixtures 
will give some idea of the proportions in which these reagents should be employed, 
but tiny must, of course, vaiy somewhat for different ores : 



Sample. 

Argol. 

Charcoal. 

Carbonate of 
XMiium. 

iiorax glact. 

Salt. 

No. 1. 
2. 

200 gr. 
400 „ 

100 

200 

• • 

300 ^ 
400 " 

200 

200-250 grs. 

3. 

400 „ 

200 

, , 

400 

200 

tt 

4. 

400 „ 

. , 

50-60 

600 

n 

5. 

400 „ 

200 


400 


n 

6- 

400 „ 

600 

black flux, and a covei 

r of borax 

»» 

1* 


1, Kecommended by Mitchell for oxides, carlionates, cupel-products, &c. 

*• >» »» cupel-bottoms and other refractory products. 

” fumes, siliceous slags, &c. 

4, 6, 6. Phillips:— The salt is not mixed with the other reagents, but employed 
to cover the whole mixture. ^ ^ 


Ores of ^is class may also be assayed by the following process, proposed by the 
writer:-— Weigh out oO gre. of ore on a counterpoise. Fuse, at a rii heat, about an 
ounce of crude cyanide of potassium in a crucible capable of holding at least double 
the quantity; when fused remove it from the furnace, and add the ore m small portion! 
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with a spatula ; rinse the last traces off with a little more cyanide, and replace it for 
a minute or two in the fire, then take out the crucible, and tap to collect the lead into 
a button. 

B. Second class. — Ckilena, pure, and mixed with gangue, is included in this classy 
for the assay of which several methods, more or less accurate, are employed, as— 

1. Iioasting the aalena, by which it is converted into oxide, and treating the pro- 
duct as an ore of the first class. This process, besides being exceedingly troublesome, 
gives little more than three-fom*ths of the lead actually present. 

2. Fusion with 3-4 farts of alkaline carbofinte ; the mixture to be heated slowly 
till fused, which gives about 90 per cent, of the lead present. 

3. Fusion with carbonate of sodium and nitre^ by which the sulphur of thc ore is re- 
moved as sulphate of potassium; if an excess of the nitrate is employed, a portion of the 
lea^ is oxidised and lost Several assays must therefore be made to discover the best 
proportions. This process answers very well for obtaining a button to be afterwords 
assayed for silver, in which case a slight excess of nitre must l>e used to ensure com- 
plete oxidation of the sulphur, without which some silver is liable to be retained as 
sulphide in the slag. 

4. Fusion with mi tallic iron, which has been variously modified as to details. The 
oldest plan is that given by Berthier, in which the galena is simply mixed with about 
30 per cent, of finely divided iron, covered with a layer of some flux and heatetl ; it 
gives an amount of metal 7-10 per cent, below that actually present. Small iron 
nails are also recommended by Berthier, which is not a satisfactory process, ns the 
nails become fixed in the button. Mitchell suggests the use of tonpenny nails; 
riiillips, of iron crucibles, and lastly, a mixture of iron-oxide with a re<lucing flux. 
Of these different modifications, the process of Mitchell is especially useful on account 
its simplicity and accuracy. We extract Mr. Mitchell’s oum description in full: 

“ To 200 grains of finely pulverised galena add 60 of argol, and 200 carbonate of 
HOtla ; place the mixture in a crucible, the inside of which has been smeared with black- 
lead; introduce three tenpenny nails head downwards; tap the crucible on the mixing 
bench, so that the contents may occupy as little apace as may bo; cover with alxiut 
200 grains of salt, over that 200 grains of bonix. Prepare two crucibles thus, place 
them in the furnace, and raise the heat rapidly to nearly a bright rod ; uncover the 
furnace, and allow the crucibles to remain for 8-10 minutes ; again cover the furnace 
and mise to a bright red: the crucibles will then bo ready for removal. Besides tho 
time occupied, tho termination of the assay may be judged by tho flux flowing smoothly. 
When this occurs, seize hold of the crucible with tho large longs, and witli a smaller 
pair take hold of one of the nails; rinse it well in the flux to remove any small glo- 
bules of lead ; and then reject it. Thc two other nails are to be treated in the same 
way, tho crucible removed, tapped on tho funiace top to collect all globules, and set 
aside to cool. So also with tho second crucible. When cold they are broken, &c., ns 
usual ; the assays should correspond within one-eighth of a grain.” 

Tho following is an account of tho process employed in the lead-works of North and 
South Wales, as an example of the rougher methods often adopted in smelting works 
with gocKl practical results. 

In the Welsh lead-works, the assays are generally made on 10 ounces of tho ore us 
received, wet or dry. This is melted in a stout iron dish 
{fg. 637) with a cover, in a smithy fire ; when melted, the 
slag is skimmed back and the produce weighed, <*ach 
ounce representing 10 percent., and each dwt. ^ percent. 

In the assay of galenas, some modification may be re- 
quired; according to Mitchell, by fusing anfimonial ga- 
lenas with carbonate of sodium, pure lead is obtained, 
but with black flux, the lead contains much antimony; 
and if iron, either alone or mixed with black flux, be em- 
ployed, all the antimony is obtained with thc lead ; but 
repeat^ tentative assays must be made to obtain the best possible result. When a 
lead ore contains oxidised compounds of sulphur and arsenic, reducers alone will not 
answer ; but if they are mixed with an alkaline carbonate and metallic iron, good 
results are obtained. The assay may be conducted as in Mitchell’s process for ga- 
lenas. 

A notable loss of lead is sustained in all the aK>vc processes, arising chiefly from 
the volatility of this metal and its oxide: hence the necessity of making allied- 
assays at the lowest temperature compatible with perfect fusion, and of not keeping 
the assay in the furnace longer than is actually necessary. An error in the opposite 
direction may arise from the presence of foreign metals in thc ore, which are more or 
less completely reduced .and alloyed with the lead, increasing its weight ; such, for 
example, as silver, copper, tin, or antimony. Zinc is eompletcly removed if tho heat 
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te rofficient, bat it entails a loss of lead. Iron does not m dam with the lead, miless 
the assay be much oyerheatedL The separation of most of these metals from lead by 
the dry way, is impracticable, with the exception of silver in argentiferous lead, which 

will bed escribed under (see below). 

Whatever process is employed to determine the lead, some standard is adopted by 
the manufacturer, to which to refer in calculating the value of the ores. For example 
in Wales the “ standard ” is 77 per cent, or 7 oz. 14 dwts. on the assay. The value of 
this standard fluctuates with the market price of lead, and for eveiy variation of a dwt 
or half a per cent, an established addition or deduction is made in the price. Any 
silver present is calculated in ounces on the ton, and paid for per ounce. 

The following tables have been constructed to save trouble in calculating the results 
of assays : — 


Produce of Lead per ton of Ore, calculated from Assay, 


^ Per cent. 

/ cwt. 

qr«. 

lbs. 

Per cent. 

cwt. 

qr«. 

lbs. 

1 Per cent 

/ cwt. 

qr». 

lbs. 

i 

0 

0 

11 

6 

1 

0 

22 

II 30 

1 ^ 

0 

0 

1 

0 

0 

22 

7 

1 

1 

16 

40 

8 

0 

0 

2 

0 

1 

16 

8 

1 

2 

11 

60 

' 10 

0 

0 

3 

0 

2 

11 

1 9 

' 1 

3 

5 

60 

12 

0 

0 

4 

0 

3 

6 

10 

2 

0 

0 1 

70 

14 

0 

0 

6 

1 

0 

0 

20 

4 

0 

0 

80 

16 

0 

0 


Produce of Lead per ling of Ore, calculated from Assay. 


Per cent. 

cwt. 

qrg 

lbs. 

Per cent. 

cwt. 

qrs. 

lbs. 

Per cent. 

cwt 

qr». lbs. 

•10 

0 

0 

•896 

1-00 

0 

0 

8-96 

10-00 

0 

3 

5-60 

•20 

0 

0 

1 792 

2-00 

0 

0 

17-92 

20 00 

1 

2 

11-20 

•30 

0 

0 

2’688 

3-00 

0 

0 

26-88 

30 00 

2 

1 

16-80 

•40 

0 

'0 

3‘684 

4-00 

0 

1 

7-84 

40-00 

3 

0 

2 -2 40 

•50 

0 

0 

4-480 

5-00 

0 

1 

16-80 

60-00 

4 

0 

0- 

•60 

0 

0 

6-376 

6-00 

0 

1 

25-76 

60-00 

4 

3 

5-00 

•70 

0 

0 

6-272 

7 00 

0 

2 

26-72 

70-00 

5 

2 

11-20 

•80 

0 

0 

7-168 

8-00 

0 

2 

15-68 

80-00 

6 

1 

16-80 

•90 

0 

0 

8-064 

9-00 

0 

2 

24-64 






Estimation of the Silver. — The separation of lead and silver in the dry way, by tlio 
process known us cupellation, depends on the fact, that while lead, when exposed to 
the air at temperatures above its melting point, is rapidly oxidised, silver remains unal- 
tered. If, therefore, an argentiferous lead is heated in a current of air, on a support of 
such u texture that the litharge formed from the lead shall be absorbed as f}U‘^t as 
produced, the silver will be finally left in the form of a button. This support is called 
tlio “cupel,” a flat, slightly hollowed-out dish of pounded bone-ash, compressed by a 
mould into the proper form. The process is conducted in a furnace, such as is shown in 
figs. 638, 639, where a is the ash-pit door ; d' and /, doors for supply of hiel ; cT, the open- 
ing by which access is obtained and the supply of air regnlltea to the muffle m. This 
mulfle is a small fire-clay oven, situated in the centre of thwre.and pierced by slits at the 
sides and inner end, which, when the door is opened, esflihlish a current of air through 
the apparatus, while it is maintained at any desired tem^rtilure by means of a dampiT. 
In using the apparatus, the raulflo is first raised to a red h^at ; 4 to 8, or more, well-dried 
cupels are then introduced, and the door closed. When they have attained a clear 
rea heat, the door is opened, a button of lead is placed in each cupel by tongs, and the 
door again closed. On opening it partially, the buttons are seen “uncover^,” or pre- 
senting a bright metallic surface, and a dark ring instantly begins to form round the 
circumference of the lead, as the litharge formed by its oxidation is absorbed by the 
cupel, the rings gradually extending as the buttons diminish. The moment when the 
oxidation is completed and pure silver left, is recognised by a peculiar phenomenon 
known as the “ brightening ” of the silver button, which appears, for an instant, 
to revolve rapidly on its axis, while covered with a play of prismatic colours. The 
jflay of colours disappears, and the button becomes still and lustrous. It is then 
with^wn from the furnace, detached from the cupel, cleaned, and weighed in a 
nalance turning with *001 gr. Simple as the process appears, some practice is 
required, and many points demand attention, before uniform results can be obtained. 
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The temperature should be the lowest at which the assay will oroeeed steadily, as a 
0 Misible amount of silver is volatilised with the vapour of lead. The temperature, on the 
other hand, must not be reduced too low, as the absorption of the litharge by the cupel 
is then impeded. Again, the draught, if too rapid, cools the cupel unduly, and if too 
slow, does not effect the oxidation with sufficient rapidity, thereby increasing the loss 
by volatilisation. Further, the absolute quantity of silver remaining the same, if the 
quantity of lead be much increased, the loss in silver ^11 be greater. But, if the 
silver-lead be very rich, a loss will arise firom the absorption of tlie alloy into the pores 
of the cupel, men the heat is too great, the cupels are whitish and the metaUio 
matter they contain can scarcely be seen ; the fume is scarcely visible, and rises rapidly 






to the arch of the muffio. Wlicn the heat is not strong enough, the smoke is thick 
and heavy, falling in the muffle, and the litharge esn hv seen forniing Ii.mpH and scalf^ 
alxmt the assay. When the heat is properly managed, llic cupel im red, and tlie f.isCMi 

metal luminous and clear. , . r o i 

I^tly, a source of loss arises from what is term(‘d <• vege ation of (he button, 
which is due to the absorption of oxygen by the mo fen metal. When the «^dal is 
cooliDK, in a button of any aiao, the 8urfiU-o cool* an-l Hob.liflcK before the centro haa 
abandoned its mcehanieally diasolved g.i«, which, when it ih Id, crated force* it, way 
thromrh the external crust, raising it into fantastic arlaircsccnt fomis, which, once seen, 
suffiriintly explain the term. Hut a* piirtioiiH are frcii.ently projected outwanis by 
the sudden action, it is necessary to cover the cupel, wf.ile still hot, with a previously 
heated old cupel to secure its very gnidual cooling. It is only, however, in be e^e 
of buttons mCch larger than a pin's heed that tins preeautimi u. cssen lal. The 
weight of the cupel ought to be about one-thi^ gn-ater than llial of the lead to b« 
cupelled ; a good cupel will absorb its own weight of litharge under ordinary circum. 

'**jS is not the only metal which may *e separated from silver by this proeew. 
Bismuth may be perfectly “ chis II.-.1," and copper, antimonv, '.ro". <■". &«., may b. 
"passed” by the addition of sufficient lca«l to carry tlicir oxides into the cupel. 

Thefollowing tables are useful in an assay office, where nnmerons assays are mad. 
from time to tiL. and they arc construct, ^d for diff^nt weiglits of Uaid cupolled, U 
weU as the prodwe per 20 <nvt. or ton and per 21 cwt. or Mdcr of lead .— 
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Yield of Silverier ton^ calculated from Assay <)/'400^r^. 


m 


400 gr«. give 

Yield per ton. 
ox. dwt9. gri. 

400 grt. give 

Yield per ton. 
oz. divtx. grs. 

400 gri. give 

Yield per ton. 
o»- dwts. gr,. 

0*001 

0 1 15 

0*05 

4 

1 

16 

0*8 

65 

6 

16 

•002 

0 3 6 

•06 

4 

18 

0 

0*9 

73 

10 

0 

s 

•003 

0 4 21 

•07 

5 

14 

8 

1*0 

81 

13 

*004 

0 6 12 

1 -08 

6 

10 

16 

2*0 

163 

6 

16 

*005 

0 8 4 

■09 

7 

7 

0 

3*0 

245 

0 

0 

*006 

0 9 19 

10 

■ 8 

3 

* 

4*0 

326 

13 

8 

'007 

0 11 10 1 

' *20 

16 

6 

16 ' 

5*0 

408 

6 

16 

*008 / 

0 13 1 

*30 

24 

10 

0 

6-0 

490 

0 

0 

•009 

0 14 16 

*40 

32 

13 

8 

7*0 

571 

13 

8 

*010 

0 16 8 

*50 

40 

16 

16 

8*0 

653 

6 

16 

*020 

1 12 16 

*60 

49 

0 

0 

9*0 

735 

0 

0 

*030 

*040 

2 9 0 

3 5 8 

•70 

57 

3 

8 

100 

816 

13 

8 


Yield of Silver per 'ton, calculated from Assay of 1 og. 


1 oz. gives 
grs. 

Yield per ton. 
oz. dwt>. grg. 

1 oz. gives 
grs. 

Yield per loo. 
oz. dwts. grs. 

1 oz. gives 
grs. 

Yield per ton. 
oz. dwts. grs. 

0001 

0 

1 

11-84 

0-05 

3 

14 

16-0 

08 

1 

59 

14 

16-0 

*002 

0 

2 

23-68 

•06 

4 

9 

14*4 

0-9 

67 

4 

00 

•003 

0 

4 

11-52 

•07 

5 

4 

12-8 

1-0 

74 

13 

8-0 

•004 

0 

5 

23-36 

*08 

5 

19 

11-2 

2-0 

149 

6 

160 

*005 

0 

7 

11-20 

*09 

6 

14 

9‘6 

3-0 

224 

0 

0-0 

•006 

0 

8 

•23*04 

*10 

7 

9 

8-0 

4-0 

298 

13 

8-0 

*007 

0 

10 

10-88 

*20 

14 

18 

16-0 

5-0 

373 

6 

16-0 

•008 

0 

11 

22*72 

*30 

22 

8 

0-0 

6-0 

448 

0 

0-0 

*009 

0 

13 

10-56 

*40 

29 

17 

8-0 

7 0 

522 

13 

8-0 

*010 

0 

14 

22-10 

*50 

37 

6 

16-0 

8-0 

597 

6 

16-0 

•020 

1 

9 

20-80 

•60 

41 

16 

O'O 

9-0 

672 

0 

0-0 

*030 

2 

4 

19*20 

1 -70 

52 

5 

8-0 

10-0 

746 

13 

8-0 

*040 

2 

19 

17-60 







Table of Silver per Fodder of Lead, calculated from Assay of\ oz. 


1 os. gives grs. 

oz. dwts, grs. 

1 oz. gives grs. 

ox. 

dwts. grs. 

!l oz. gives grs. 

oz. dwts. grs. I 

0*001 

0 

1 

13 6 

0*009 

0 

14 

2 

1 0-08 

6 

5 

10 

*002 

0 

3 

3-2 

*010 

0 

15 

16 

*09 

7 

1 

2 

•003 

0 

4 

16-0 

*020 

1 

11 

8 

*10 

7 

16 

9 

*004 

0 

6 

6*0 

•030 

2 

7 

0 

*20 

15 

13 

14 

•005 

0 

7 

20*0 

*040 

3 

2 

17 

*30 

23 

10 

9 

•006 

0 

9 

9*0 

*050 

3 

18 

9 

*40 

31 

7 

4 

•007 

0 

10 

23-0 I 

*060 

4 

14 


L 

39 

4 

0 

•008 

0 

12 

13-0 

*070 

5 

9 

« 1 




VI. Atomic W eight of Lead, 

The Atomic weight of this metal has been determined chiefly by the experiments of 
Berzelius, made m 1830 and 1845 (Pogg. Ann.xix. 300; Lehrbuch, 5‘« Aufl. iii. 1187). 
By reducing pure protoxide of lead with hydrogen gas, he found that 100 pts. of the 
protoxide contain r 1724 pts. oxygen, whence, regaining the protoxide as Pb*0, and 
putUng oxygen -16, the atomic weight of lead is 103*54 ; if, however, a certain number 
of the determinations, which do not agree venr well with the rest, be left out of account, 
the atomic weight is found to be 103*57. The extreme limits of the determinations 
in question were 103*36 and 103*65. WiAin the same limits also are comprised the 
older deteminations of Berzelius (1818X which gave 103*56; also those of Turner 
in 1835 (Ann. Ch Pharm. xiii. 14), which gave 103*61, and nearly also those of 
(Ann. Ch. Ph^. [21 xxxiv. 105), which gave numbers ranging 
from 108*64 to 103*74. The mean of all the best determinations is 103*56 ; or if Sad 
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be regaided as diatomiot and the protoxide be represented hy the fbrmnla Pb^'O, then 
the atomic weight is 207*12. T. R. 

nbVOXXBa or, PbF*, is obtained bv precipitating acetate of lead with 
hydrofluoric acid, or by decomposing carbonate of leM with the same iwid, as a white 
powder, sparingly soluble in water, easily fusible, soluble in hydrochloric and in nitric 
acid, by which it is decomposed on evaporation. When treated with aqueous ammonia 
or fused with oxide of lead, it is converted into a more soluble oxyfluoride, the 
solution of which has an astringent taste, and on standing in the air, deposits carbo- 
nate of lead, mixed or combined with fluoride of lead. 

Achlorofluoridoof lead has been already described (p. 639). 
BTBBOA.BUMXNOirS. See pLVMnoRKSiKiTB. 

BBAB, XOBXBB OF, Pbl*, is obtained by precipitating nitrate of lead with 
iodide of potassium, avoiding an excess of either sJilt. It is a precipitate of a fine 
light yellow colour; soluble in 1,236 pts. of cold water (Denort), and in 194 pts. of 
boiling water, forming a colourless solution, whence it crystallises on cooling in 
flexible, six-sided, laminar crysUils. It is obtained in the same form by mixing the 
solutions of iolide of lead and iodide of potassium at the boiling heat. It is not 
more soluble in water containing acetic acid than in pure water. According to Henry, 
it is not quite insoluble in alcohol. Ether, according to A. Vogel, extracts iodine frt)m 
it, leaving oxyiodide of lead. It dissolves in cold, and still more in warm aqueous sjil- 
animoniac, and crystallises therefrom on cooling in yellowish whiU) noodles (Poul 1 ay). 
In caustic ammonia, nitrate, succinate, carlionaUs and sulphate of ammonium, it turns 
white (Witts te in). When boiled with the carbonates of the alkalis or alkaline earths, 
it yields carbonate of lead and a soluble iodide. 

Iodide of lead, when heated, turns ro<ldish-yelh)w and brick-red, then rotl-brown, 
and molts to a liquid of the same colour, which solidifies to a yellow mass. When 
fused in contact with the air, it gives off a part of its iodine, and leaves an oxyiodide 
of lead. It is easily decomposed by chlorine. Zinc or iron boiled with it under 
water takes up the iodine and precipitates metallic lead. 

Iodide of Uad and Hydrogen, PbP.2HI, crystallises from a ^lution of iodide of load 
in warm aqueous hydriodic acid, in concentrically grouped, silky neoilles, which give 
off the whole of the hydriodic acid when heated, and part of it even when exposed to 
the air at ordinary temperatures. The acid may also be (‘xtractod by water. 

Animonio-iodide of lead, or iodide of jduinhammoniuin, NHPPbl’'*, is obtainwl as a 
white powder by passing ammonia-gas for a long time over finely-pulverised iixiido of 
lead, or by digesting it at ordinary temperatures with sal-ammoniac. It gives off its 
ammonia spontaneously on oxjx)bure to the air, and even in an atmosphere of ammonia 
when heatcnl. 

Aceto-iodide of lead, PbI.C*H•PbO^ or analogous to glycolic iodacotin 

(ii. 668), is obtained in a similar manner to the corresponding chlorine-compound 
(p. 639), with w'liich it is isomorphous. (Carius, Arn. Ch. Pharm. cxxv. 87*) 

An iodochloridc of lead, Pb’CPP, has lioen already described (p. 639). 

An iodide of lead and ammonium is formed, as a white precipitate, on adding iodide 
of ammonia in excess to nitrate of lead. • • i 

A compound of iodide of lead with chloride of ammonium, SNII^CM.Pbl*, is oUainod 
by dropping a solution of neutral acetate of lead into alK>iling mixed solution of iodide 
of poUissium and sal-ammoniac, as long as no permanent prwupitate is formed. On 
cooling, the double salt crystallises in slender yellow, shining nee<ilos, which, however, 
are decomposed by water, the sal-ammoniac dissolving out first. 

Another comiKmnd, 2NH‘Cl.PbI^2lPO, crystallises in white silky needles. 

Iodides of lead and potassium . — When I at. iodide of lead (PbP) and 1 at. iodide of 
potassium are dissolved in the smallest p^issible quantity of l>oi ling water, the s^ilytion 
yields on cooling, large yellow, shining, six-sided lamina;, having the composition 
kl.Pbl*. and on dissolving these crystals in a hot solution of iodide of potassium, 
white silky needles, consisting of 4KI.Pbr^ are deposited as the liquid cools. Hotb 
salts are decompos^ by water and by alc<jhol. 

OBXS. The following is a list of minerals containing load as an essential 
constituent, and available, when they occur an sufficient quantity, for the extraction of 
the metal : 

Aciculito. Aikinite. Belonite. Needle-ore. Alumiuate of lead (hydroted). Plumbo- 
Ptttrinite. 

Altaite. Tellnride of lead. PbTo. 
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Anglesitai Sulphate of lead. Lead-vitriol. 

PbSO*. 


Antimonial sulphides of lead : see Boulan- 
gerite, Boumonite, Brogniardite, Freis- 
lebenite, Geocron ite, Heteromorphite, 
Jamesonite, Kobollite, Plagionite, Ziuk- 
enite. 

Antimonate of lead. Bleinierito. 
Pb«Sb'''0*.4H’0. 

Araeoxene. Zinkiferous vanadate of lead. 

Arsenate of load : see Miinetite. 

Arsenomelano. 2PbS.AH'*S*. 

Binnite. A mixture of Arsenomeiane and 
Sclocroclase. 

Bleinierite. Antimonate of lead. 

Boulangerite. SPbS.Sb^S®. 

Bournonite (to which is related Wdlchite). 


Pb* 

(2PbS.Cu2S).Sb2S* = (Cu2)' 


S*. 


Sb=* j 

Brogniardite. PbAg=S^8b‘^S>. * 
Caledonito. (Pb;Cu)C0».Pb80«. 
Carbonate of load. Cernsite. White load 
ore. PbCO*. 


Cerasin. Corneous lead. 
Chlorocarbonato of lead. 
PbCP.PbCO^ 


Horn-lead. 

Phosgenite, 


Cerusito : see Carbonate of lead, 

Chileito. Vanadate of lead and copper. 

(Pb;Cu)«(V0^)*.3(Pb;Cu)0. 

Chiviatite. 2Pb8. allies*. 

Chloride of lead. Cotunnite. PbCl*. 
Chlorarsonate of lead : see Mimetite. 
Chlorocarbonato of lead : see Cerasin. 
Chlorophosphato of lead : see Pyromor- 
phite. 

Chromate of lead : see Crocoisite, Melano- 
chroite, lied lead ore, Vauquelinite. 
Clausthalito. Selenido of lead. PbSe. 
CorniK)U8 lead. Syn. with Cerasin. 
Cotunnite ; see Chloride of lead. 
Crocoisite. Chromate of lead. PbO. 

" S-|0‘ 

Cupreous sulphate of lead : see Linarite. 
Cupreous sulphatocarbonate of lead : see 
Caledonito. 

Cuproplumbite. 2PbS.CuS. 

Bochonite. Vanadate of lead. PbV*0*. 
Descloizito. PbW^O^ or 2Pb0.V’0*. 
Fmbrothite : see Boulangerite. 

Eusynchite. Syn. with Dechenito. 
Freislebenite. Pb*Ag<S\2Sb*S*. 

Galena. Lead -glance. Sulphide of lead. 
PbS. 

Geocronite. Arseniferous Schulxite. 
Heteromorphite. Feather-ore. Plumo- 
site. 2PbS.Sb’S». 

Hydroaluminous lead: see Aluminate of 
lead. 

Kilbrickenite. 6PbS.Sb*S*. 


Lead-glance : see Galena. 

Lead, native. 

Lead ochre. Native protoxide of lead. 

Lead ore, green : see Mimetite and Pvro- 
morphite. ^ 

Lead ore, red ; see Minium. 

Lead ore, white : see Cerusite. 

: see Molybdate of lead. 

Lehrbachite. Soienide of lead and mer- 
cury. (Pb;Hg)Se. 

Linarite. Cupreous Anglesite. Cupreous 
sulphate of load. CuH^O^.PbSOI. * 

Matlockite. Pb’^CPO. 

Melanochroite. Phoenicite. Phcenoco- 


chroi’te. 3Pb0.2Cr0« k 

Mendipite. Pb»CPO*. ^ ^ ^ * 

Menoghinite. 4PbS.Sb*S*. 

Mimetite, Mimetesite, Mimetene. Green 
lead ore. PbCP.SPb’As^O". To this 
is related Hedyphane, containing also 
calcium and phosphorus. 

Minium. Rod oxide of lead (p, 552). 

Molybdate of load. Wulfonite. Yellow 

lead ore. PbO.MoO* = 

Muriocarbonato of lead. Syn, with Ce- 
rasin. 

Nagyagito. Foliated Tellurium. .Tb: 
AiP).(Te;So). ' ' 

Neodlo ore : see Aciculito. 

Oxides ot lead : seo Load ochre. Minium, 
and Platt norito. 

Oxychloride of loiul : seo Matlockite and 
Mondipite. 

Patrinito : soe Aciculite. 

Phconicite or Phconicochroito : see Mo- 
lanochroite. 

Phosgenite: soe Cerasin. 

Phosphate of lead : soe Pyromorphite. 

Phigionite. 4PbS.3Sb''S>. 

Plattnerito. Peroxide of lead. PbO*. 
A doubtful species. 

Plumboresinito : soe Aluminate of lead. 

Plumbostib : seo Boulangerite. 

Polys phttjrite. Pyromorphite containing 
calcium. - ® 

Polytelito. , 4(Pb,Ag*)S.Sb*S*. 

Pyromorpl]^. Green lead ore. Chloro- 
phosphato Of lead. 3Pb*P*0* + PbCl* 
or PbF*.- 

Schulzite. 6PbS.Sb*S*. 

Selenate of lead. PbSeO*. 

Selenide of lead: see Clausthalite and 
Lehrbachite. 


Stolzite: Tungstate of lead. P1)W0<. 
Sulphate of loa<l : see Anglesite. 
Sulphatocarbonate of lead: see Lanaric- 
ite. 


Kobellite. I S*. 

(fslfiS)*! 

Lanarkite. Sulphatocarbonate of lead. 

PbC0».Pb80\ 


Sulphatotricarbonate of lead : see Lead- 
hillite, and Sulzannite. 

Sulphide of lead : see Galena. 

Sulzannite. Rhombohedral sulphatotri- 
carbonate of lead. PbSO *. 3PbCO*. 
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Telluride of lead : see Altaite, and Nag- 
yagite. 

Tongstate of lead : see Stolsito. 
Vauquelinite. gp^Q 1 4CrO*. 

Vanadate of leewi : see Dechenite, Des- 
cloizite, and Vanadinite. 


Vanadinite. 8Pb*V«0*.PbCl*. 
Wolchite : see Bournonite. 
Wulfenite. Molybdate of lead. 
White lead ore : see Cerusite. 

Zinkonite. PbS.Sb’S* = I S». 

si;>| 


The ores which are actually worked for lead have been already described (pp. 480, 
481) : for the rest, see the several articles. — Respecting the working of lead ores, see 
pp. 481 — 631 ; methods of assaying them, p. 643. 

jJHiLD, OXXBB8 OF. Lead forms five oxides, vis. : 

• The Suboxide Pb*0. 

The Protoxide PbO. 

The Red oxide. ..... Pb*0«. 

The Sesquioxido Pb’O*. 

The Dioxide or Peroxide .... PbO*. 

The protoxide is a strong base ; the sesquioxide and peroxide also unite with acids. 
The riKl oxide is decompose*! by most acids. All the oxides of Iwvd are easily reduced 
to the metallic state by charcoal at a rod heat. 

Buboxlde. Pb*0.— This oxide, which was discovered by Dulong, remains when 
oxalate of lead is cautiously hettt<'d in a retort from which the air is excluded. 
According to Polouze (Ann. Ch. Pharm. xlli. 209), the retort should bo lioated in an 
oil-bath to a temperaturo not exceeding 300°, the heat being continued as long as any 
gas is given off: the gas thus evolved is a mixture of 1 vol. carbonic oxide and 3 vol. 
carbonic anhydride : 

2PbC=0‘ = Pb*0 + CO + 300'^ 

The whole is suffered to cool before the suboxido is removed. It forms a bhu*k 
powder, sometimes dull, sometimes having a velvety lustre. It contains no metallic 
lead, for mercury extracts nothing from it, either dry or under w'ater; neither does it 
contain any protoxide, for the aqueous solution of acetate of lead do»*s not extract any 
protxjxide from it on boiling. But when heated to dull redness, out of contact of air, it 
IS resolved into a greonisli-yellow mixture of lead and protoxide (Boussingaulti 
Pelouze). After this treatment, meremry extracts l*aid from the substance, and a 
boiling solution of acetate of lead or acetic a<dd leaves the lead in the form of a net- 
work, w’hich, when pressed togedhor between the hngers, forms a dense mass havingthe 
metallic lustre. The suboxide heated in the air tak(*H fin*, burns with a glimmering 
light, and is converted into protoxide. Dilute aulphiiric, nitric^ hydrochloric^ or acetic 
acid resolves it into protoxide, which combines with the acid, and very finely- 
divided metallic lead. The same effect is produced by a strong solution of normal 
nitrate of lead; a dilute solution, on the contrary, takes up the whole of the suboxido 
and forms basic nitrate of lead. The suboxid*-, when inoisUmod with rapidly 

absorbs oxygen from the air, and is converted into the white hydrated pro^xide, the 
action being attended with rise of temperature. A mixture of finely-divided lead and 

litharge does not jueld the same result. , • . i 

The grey pellicle which forms upon load exposed to the air, has also, according to 

Berzelius, the composition Pb’O. 

Protoxide. Lead-oxide, PbO.-This oxide occurs native as lead- ochre a 
mMsive mineral, sometim.. with iwaly cryHtallino .Iructure, « "• 

Lustre dull Opaque. Colour betwrrn sulphur- and orpiinenl-yollow. “KV 

than AHoiournt does not soil. It is said to occur at Hadenweilcr, m H^cn and, 
according to GeroK, has been ejected from the voIctums 

in Mexito. It is found also at other localities in Mexico, and at Austin s mines, Wythe 

~”^^o;^dr/U U^lUed"p"i hy ipiiting the basic f -.‘he ^rbonato or 

oxSSe of lemLin a platinum ^eible.Tn “''■••i-‘f'‘‘"Vrw5lll to 

oxide does otherwise it will take up metal from the crucible, and if heated in 

i^tofuTn ^^e’, wSaVe up silica, ^he pure oxide thus obtained hm. a lemon- 
yellow colour, and s specific gravity of 9'4214. , nf massicot and 
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generally contaminated with silica, ferric oxide, cupric and cuprous oxide, antimonious 
oxide, and other oxides, is fused by the high temperature, and solidifies in a scaly, 
shining mass, sometimes of a yellowish tint {Argyritis^ Silber-gldtte), sometimes rather 
inclining to red {ChrmitUf Goldgldite). The oxide of copper may be completely 
removed by digesting the levigatedf litharge with aqueous solution of carbonate of am- 
monia (Bis chof, Schw. J. 64, 65). — The antimonious oxide is left behind on dissolving 
the litharge in boiling nitric acid, and may then be dissolved in hydrochloric acid 
(Anthon, Repert. 68, 387.) — The difference between red and yellow litharge is attri- 
buted by Leblanc (J. Pharra. [3], Sept. 8, 1845) to a mere diversity of physical 
structure, not of chemical composition ; for either modification may be obtained at 
plejwure by properly regulating the temperature and the rate of cooling; the red 
variety, which is specifically lighter than the yellow and more crystalline substance is 
formed most abundantly when the cooling is slow. (See also p. 614.) * 

Properties.— VvoUixide of lead appears to be both dimorphous and amorphous 
occurring in pale-yellow rhombic octahedrons and cubes, and regidar dodecahedrons’ 
and as a red amorphous powder. By the following processes it may be obtained in the 
crystalline state :~-l. iSg slow cooling after fusion. Litharge, when quickly cooled 
solidifies in a mass of crystalline scales ; but the portion which remains on the mufile 
sometimes crystallises in yellow, translucent, six-sided tables (Marx); in trimetric 
wtahedrons with a distinct plane of cleavage (Mi tscherlich) ; in regular dodeca- 
hedrons, the angles of which are indefinite, in consequence of the curvature of the 
faces (Gaultier de Claubry and Beudant). White lead fused by the blowpipe- 
flame on a copper plate or other non-reducing supix)rt, crystallises in scales on cooling • 
but from the middle of it there generally shoots out a mass, half a line long, sometimes 
in the form of a tnangular pynimid, sometimes in that of a nearly perfect rhombic 
dodecahedron, of a hyacinth-red tint while hot, becoming sulphur-yellow and trans- 
bieent as it cools, and opaque and dull when perfectly cold. This alternate fusion and 
crystallisation may be repeated several times.— 2. Jig fusion with hydrate of potassium. 
If 1 part of lead-oxide and from 4 to 6 of hydrate of potassium be fused for a short 
time in a silver cmcible at an incipient red heat, and the mass after cooling exhausted 
with wat<’r, tlie lead-oxide remains in tlio form of cubes and square tables (Becquer el, 
Ann. Ch. Phys. [2J, li. 105). — 3. By treating lead'Oxidc with potash or soda-ley. From 
a solution ot lead-oxide in soda-ley, saturated while hot, placed in a stoppered bottle, 
and then left to itself all through the winter, the lead-oxide crystallises in small white, 
translucent rhombic dodecahedrons (Bouton -Labi 1 lardi 6re, J. Pharm. iib 335)! 
The crystals are triinetric octahedrons, having the same angles as those obtained by 
fusion (Mi tscherlich). Strong boiling potash-ley saturated with lead-oxide yields, 
on cooling, yellow scales similar to those of litharge ; if the potash-solution is less fully 
saturated with lead-oxide, or if it has deposited the excess of that oxide in scales, no 
further disposition trikes place till after perfect cooling, whereupon red scales are thrown 
down, p(*rtectly soluble in acetic acid, and therefore free from minium ; if these scales are 
heated, they turn yellow on cooling. Bence it appears that litharge may have a red 
colour without containing minium or red oxide of copper (Mitscherlich, J. pr. Chem 
XIX. 461).-Boiling soda-ley of 40^— 41^ B., saturated with hydrate ©f lead, yields 
rose-red crystals of the protoxide on cooling. These crystals yield an orange-yellow 
powder, similar to that of litharge. At about 400® they turn black, increase in bulk, 
decrepitate with loss of 0*1 per cent, of water-and when heated to low rednes-s, 
assume a sulphur-yellow colour without changing their form. While still in the red 
state, they dissolve, though very sparingly, in nitric acid, either concentrated or dilute 
(Calvert, Compt. rend, xvi. 136). If hydrated lead-oxide bo boiled with a quantity 
of aqueous alkali not sufficient to dissolve it, the u^ssolved portion becomes con- 
vortcHl into crystalline anhydrous oxide ; the resulting sghjtion, when evaporated, yields 
more crystals of the anhydrous oxide, di.‘^tinguished ftbrt the former portion by their 
easy solubility in alkalis, even when dilute (Fr6my, J. Pharm. [3], lii. 30).— 4. By 
prtcipUating a lead-salt with excess of alkali. Solution of neutral acetAte of lead 
mixed with excess of ammonia and exposed to the sun for a few days, yields olivo- 
gwen, very hard cr^'stals of anhydrous oxide (Tiin nermann, Kastn. Arch. xix. 339). 
Behrens (J. Pharm. [3], iv. 4, 18) supersaturates the sugar-of-lead solution with a 
quantity of ammonia sufficient to re-dissolve the precipitate ; filters to separate any 
curtonate of lead that may have lieen formed ; puts the filtrate into a stoppered 
bottle ; **)d exjxises it to the rays of the sun. After a few hours, transparent crystals 
make their ap^arance, colourless at first, but afterwards becoming yellowish, and 
finally yellowish-grey. Their powder is white, but assumes a dark brown-red colour 
afWr long trituration.— 4 measures of solution of lead-acetate, saturated at 30®, mixed 
with 100 measures of boiling water, and then with 46 measures of aqueous ammonia, 
wposit, in the (murse of half a minute, a lai^ number of very delicate^ yellowish-white 
rhomboidal laminie^ having a silvery lustre and united in tufts ; these huninie must be 
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■ADarated by levigation from tho ciystidline grilles of hydrated oxide, which ihU 
do^ at the same time, then washed with boiling water, and dried in vacua Wlien 
ianited, they do not give off any water— or only a trace of it, with decrepitation— 
neiilier do U\ey lose their trjinsparcncy. They may bo obtaimnl without admixture of 
hydrate, by boiling 100 measures of a saturated solution of triplumbic awtatu witli 60 
measures of water, adding tlicreto a mixture of 60 measures of watcT at SO'^, und 
8 measures of aqueous aminoniji, and heating the mixture in tho vrater-bath. In tho 
course of a minute, crystals of the oxide svparjile, free from hydrate, tho formation of 
the hitter being preventt^d by the high teinperatuiH^ (Pay on, Ann. Oh. Phys. [2], 

Ixvi. 64). 6. -^V icad in co7itact with air ntui water. On the iKjt.toin ot ai 

lejwlen vessel* filled with water, there are first formed ai number of white flakes of 
hydrated basic carbonate of leaid, then sliining grt*y crystals of anhydrous oxid.s partly 
in soaloH like mica, jwrtly in rhombic dodecalu'drons wifli cube-fact‘s. When heated, 
they btH*ome opaque and orange-coloured, but without losing woigltt or lustre. (Yorke, 

Tho siKH'ific gravity of protoxidoof lead is 9 *20092 (K arst en), 9*277 (TTerapath), 
9*;iC3 (Playfair and Joule); after fusion 9*60 (Poullay). According to Leblano 
(Ann. C'h. Pharm. Ivi. 235), the sptHufle gravity of litharge is greater after slow than 
after quick solidification. Tho cubical expansion betwc*en 0 ’ ami 1(M)'* is 0*00796. 
At a hmI heat it melts to a clear dark reel liquiil, which soliditlrs to a reihlish-yellow 

crysUillino mass. , i 1 1 u 

'ProU>xido of lead unites readily with acith, forming neutral and very s(.Iul)lo salts, 
and likewise exhibits a decided chlorous or negative reaction towards strong haaeH. 
If dissolves iHwlily in caustic jwtash and soda. r>argta-\\\\U'T and limr-wafrr also 
dissolve it, and the lime-comi>ound is said U) crystallise in sparingly soluble needles. 
Jly boiling tho prf>toxide with milk of lime, ii Ihpiid is obtained which may be used 
fur pwiducing a black dye on liair, nails, horn, and wood. . . , , , 

An oxule of lead and silver, Ag-0.2PbO or Ag*PlA)», is obtained by adding caustic 
i>,UHh to a solution of a lead-salt mixed with a silver-salt, as a yellow precipitate 
insoluble in excess of the alluili,and thereby easily separaletl from admixml lead-oxide. 
It is easily solubl * in nitric acid; blackens on exposure to light; leaves, when igniUsI, 
a mixture of load-oxide and metallic silver; and when ouietly heated in hydmgeu 
gas is reduced to an easily fusible alloy of the two mcUils. (Wohler, logg. Ann 

"‘'riltoxi.Io of load disHoIvos, accordinR to lliooou, in 7,000 pin of puro walor. form- 
ins a Holution wliicli docomiwsos most s<iltH of tlio alkali-moUls. Tho «, ul.ilily is 
greatly diminished by the presence of cerUim salts, e.g. sulphates, phosphates and 
ciirUjiiutes, and increased by lluvt of ammonia and its salts (p. 47). 

Hydrate, or Hydrated is obtained on oddingasolution of neutral 

acetat,e of lead to excess of ammonia, as a white amorphous procipilato containing 
3Pb().2lPO (Payon), or 2Pb0.ir'0 (Schaff nor), or, according to older Htaternoiits, 
P1)0 UK) or l*bll'^0*. If the solution be heated, the anhydrous proU>xido is formea 
at, tho same time. When loatl is immorswl in pure water, by dmto of le.-ui is fonnod, 
ami partly dissolves (v. Bonsdorf f ). The hydrate precipitatwi on treiUing 
ucebit,o of lead with caustic potash is always mixed, acconiing to W i n ko I b 1 oc h, with a 
certain quantity of basic salt. According to ot her sUitemonts, however, the 
it contains may bo a>mpletely removed by digestion with a slight excess of alkali. 

The hydrate prepared by precipitation with ammonia, 
microscope to bo w^mposKl of prismatic crystals. It must be 
during w^hing, otherwise it will absorb carUmic acid. It rebuns lU 
but gives it up at a somewhat higher tempomturo, and is converted into tho anliy Irmis 

protoxide, which is red while hot, yellow after wading. oWTT* inn If»n nml 

* Hydrate of leatl Ukos up ammonui, forming the two compounds 2N11 .1 bO.U 0 an I 
2(Nn*.4PbO).IPO. (Calvert, Compt. rend. xxii. 480.) 

aed Oxide of I^eod. Ued Lead. Minium. Pb* 0 »» 2 PbO.PbO* or PbO.IW - 
This oxide is formed when the protoxide is kept at a low red heat f<>r a cjmsidcrahle 
IZ w^TThe Hir; nL, aft.r prevL* formation of 

and biuiic carbonate of l.,a.l, when load-ahavingn arc .trown X"rr,^ii'„ M 
Ijeinff looselv covered and then set aside for some months, the formation of 
lead Uiking^place chiefly on lho«o aurfacon of Uio metal which aro oipoiwl to Uu. 
air. In ^^nner, (Lwinga mado with lead turn red m tho c«ur«. of year.. 

^^**0*^0^111*) ocean native in rartoin li^litiM, mixed 
and probably roeulting from their oxidation, vix. at Blcialf and IWl m the Bifcl, at 
Bade^eUer in Baden ; at Brillon in Weetphaliaj on ‘g,^**'* 

dale, Yorkahire; in tho late of Anglesey, and at Au»t»n» Mmc, Wythe OoOBty, 
Virginia, where it accompanies ceruaitc. 

Vot. lU. B B 
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Bed lead h extenaively used as a pi^ent, and in the manufacture of fl’ 

It is prepared on the large scale in this country, chiedy in Derbyshire bv 
lead in a reverberatory furnace having two fire-lmrths^ coverea by mi 
arched roof; they are situated at the extreme end of the furnace, and are 
from the middle hearth, or lead-hearth, by low walls or fire-bridges. The fuel 
coke. About l,500lbB. of lead (one-tenth consisting of bard lead) are placed 
lead-hearth, and worked about, as soon as it is melted, with an iron crutch the^ d 
(massicot) as it forms being pushed to the side of the hearth. The tempewtu^ 
must not be raised above low redness, so that the oxide may not melt After 24 
hours, the massicot is taken out, reduce^ to very fine powder by grinding and levity 
tion, again placed upon the lead-hearth, and exposed to the same temperatui^’ 
before for 48 hours, or tiU a sample taken out appears dark red when hot, and brinht 
red on cooling. Tlie furnace must then be closed, and left to cool slowly, a condilfon 
mainly essential to the success of the operation. In Germany the conrersion of the 
massicot into red lead is effected in a peculiar furnace, in which the massicot is placed 
not on a hearth, but in barrel-shaped vessels open at both ends. Sometimes thi! 
ojxiratioii IS repeated in older to improve the colour. Carbonate of lead may also L 
of in,,ss,cot, for Conversion into red lead, but when the tempeLure is 
properly regulated, another pigment is obtained, called Oranae Lead. Ked lead thus 

« from the yellow oxide mixed with it, Dumas digests it 
r< peatedly with solution of lead-acetate ; Berzelius and Dalton recommend treatment 

reetV°o hl'''lT ^'’.‘'*'P“ rocommends 144 pts. at most, of strong 

moil n “ *“‘■8" quantity of water to 100 of minium, inasmuch as if 

more acid be used, the brewii peroxide is likewise formed. According to Dumas 

thofolf t^T‘“' “V''m *" P“"fia“t>on of minium, before thl 

whole of the free protoxide is extracted, even when the dilutest acetic acid is employed 

rontains all the foreign metallic oxides-such^^he 
oxides of copper, iron, and silver-with which the mlUsicot or litharge used in prl! 

?ed"bSll or Sk dl“t““?h ^th oxide of iLi, 

red bole or bnck-dust; these substances remain undissolved when the red lead is di- 

nflro . r "‘w? i hydrochloric acid extracts sesquioxide 

millureTveirow '^“8 adulterated is ignited, there rXaiiis a 

mixture of yc low lead-oxide and the red substances that have been added to it. 

Un tho small ^ale, red lead may be obtained of very fino colour by the following 
processes:—!. When 4 pts. of lead-oxide, prepared by igniting white lead are heated 
hhl T tr'' with 1 pt. of chlorate of fiotas^sium and 8 pts. of nitre 

£ Ibfofn^ hn?fh!”“'‘r‘V‘^TV“'''¥ hrown peroxile of lead is 

first obtiim cl , but th s, when further heated to dull redness, is converted with intu- 

niejcnco and thickon ng of the mass, into red lead. As s^n ^ Dm red IcjH begins 
to decompose at the edge of the crucible, the mass is suffered to cool, and the red b ad 
Iduliwr^ with water containing pota-di.— 2. By boiling peroxide of load with aqueous 
plumbate of potufesium, or 1 pt. of the peroxide with 5 pU. of lead- nitrate and a 
quantity of aqueous laitosh or soda sufficient to redissolve the hydrate of lead first pre- 
cipi toted, till a brown-red mixture of minium with a small quantity of the peroxide is 
piodnccd, and digesting this mixture, after washing, with oxalic acid, which decom- 
poses the perexido without acting on the minium. The minium obtained by this 
process is rather dark-coloured but becomes brighter whsn rubbed up with water ; it 

A^n ChThyrrsrixr lo«o'“ * “ 

ProwTt(>ji,-_Ked oxide of lead is a scarlet, crysfeOline granular powder : when 
heiited. It first assiinios a finer red colour, and then turns violet. .Specific gravity 8-62 

(Danl!ii" ^26^ * ®- 

Bed lead was formerly supposed, according to analyses by Kichter, Wiogleb. 

Korzo lus, to bo a sesquioxide, Pb'O'; but it is probable tliat tho 
pj^ucts examined by these chemists contained protoxide or carbonate of lead ; for 
JJunias lias shown that the perfectly pure red oxide specially prepar^ for analysis, or 
the commewial p^uct freed from protoxide by digestion with solution of acetate of 
T? lead and 9-37 oxygon, numbers agreeing exactly with the 

a compound of the protoxide and per- 
oxide of lead, 2Pb0.1 bO , or perhaps of the protoxide and sesquioxide, Pb0.Pb*0*. 
anal^ua to magne^c oxide of iron. J acq uelai n (J. pr. Chora, liii. 151) found that - 
a mixture of 1 aU PbO and 1 at. PbO*. heated to 460®, assumed a fine^red colour, 
gave off no ox^, and wm afterwards perfectly soluble in potash-ley and glacial 
acetw acid. It is possible, however, that there may be more than one red oxide of 
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lead inteniMdiate in compoaition between the proto* and Mroxides ; for a erjatalUsed 
led lead from a minium frrnaee, analysed by Houton-Labillardi^re, exhibited the 
composition 8PbO.PbO*. 

J) 9 CompotUum$. — 1. By rather strong ignition, red lead is resolved into the prot- 
oxide and 2*4 per cent, of oxygen gas (Dumas).— 2. By many oxidable bodies, at 
various temp^turos, it is reduced to the protoxide. Aqueous auiphurous and niirvas 
acids, at ordinary temperatures, convert it resp^'Ctively into sulplinto and nitrate of 
load; sulphurous acid acts very slowly in the cold, but rapidly on the application of 
heat IHchloride of tin converts it, with a rise of tempemturo of 13®, into cliloride of 
lead and stannic oxide (A. Vogel, Kastn. Arch, xxiii. 84). It is likewiso reduced 
by boiling with a solution of su^ar, and oxidises many organic acids. When 2 pts. of 
red lead and 1 pt. crystallised tartaric acid are rubbed up to a thin paste with a small 
quantity of water, the mixture becomes hot and whitish, and the o<lour of formic acid 
is givcib off (Bdttger). — 3. By a small quantity of hydrochloric acid, red load is con- 
verted into chloride of lead, peroxide of lead, and water: 

Pb*0* + 4HC1 - 2PbCl* + PbO* + 211*0. 

By a larger quantity of hydrocliloritt acid, into chloride of lead, chlorine gas, and water : 

Pb*0* + 81101 - 3PbCl* + 01* -f 411*0. 

4. By eldorinc-water, into chlorine and peroxide of lead : 

Pb*0* + Cl* - PbCl* + 2Pb()*. 

Similarly with bromine-water (Ldwig). Minium is not dctMimpoHod by nuTCurous 
nitnite or oxalic acid. (Levol.) 

Heated with strong sulphuric acid, it yields sulplinte of lead and free oxygen. By 
nitric acid, dilute sulphuric acid, and likewise by weake r acids, sueh »is ordinary aedio 
acid, it is resolved into protoxide and p(*roxide, the form(*r dissolving in the form of an 
ordinary lead-salt, while the latter remains undissolved. In glacial acetic acitl, howi'ver, 
it dissolves completely; and when considerable quantities of it, l)ut not (|uite sulfieiiiit 
for saturation, are dissolved in that acid at 40 ', the liquid on cooling d<‘poNi(s j)rismatio 
ery.stals of acetate of peroxide of lead, while an acetate of the h( Mpiioxide remains in 
solution (Jacquelain, J. pr. Chem. liii. 1>51). According to Sehdnhoin (ibid, 
Ixxxiv. 316), concentrated acetic acid .shaken up for about 16 minufes with levigated 
minium, takes up about 9 per cent, of it, forming a solution whi«‘h is quickly <leeoTti- 
I)OS(sl by heat or by dilution, but appeal’s to b<‘ stable at — 18®. Snlplinric acid jvhhsl 
to this solution throws down all the protoxide of lead contained in it, leaving a pure 
solution of acetate of peroxide, which deposits the peroxide slowly at ordinary tem- 
P'Tatures, quickly when warmed. Potash adtlcd to the solution of minium in acetic 
acid, throws down, not minium, but a mixture of the proto- and peroxides, which 
hlues tincture of guaiacum and iodised st-arch-paste, reactions not producisl by puro 
minium. The solution of minium, and that of tbo pure peroxide in acetic aei<l, imnie- 
<liately docoloriso solution of indigo; when shaken up with tlnely divided zinc, iron, 
lead, copper, or even silver, they form acetates of these metals and lose their oxidising 
properties. The samo solutions convert iodine into iodic acid, sulphurous acid into 
sulphuric acid, sulphide of lead into sulphate, and act strongly at conimun Uun- 
IsTatures on oil of tuq^ntine. (Sch dnhoiii.) 

Minium likewiso dissolves in cold concentnifed aqueous phesph^m'c iiiul arsenic acids, 
fonning salts of the peroxide. (J acquclain. see p. 656.) 

Besquloxide of Xioad. Pb*0*. -Hypochlorite of so'lium t hrows down from 
lead-salts, a reddish-yellow mixture of sesquioxide and chlori<le (jf lead, whieh,^ if 
Warmed or left to stand for some time, turns brown from formation of peroxide. lo 
obtain the sesquioxide free fixjin chlori<ie, nitrate of haul is supersaturiifed with |;)otush 
in sufficient quantity to redissolve fh<^ precipitate, aiifl then treated with hy[K>chlorifo 
of sodium. The yellow precipit^itc, when washe«l and drh*<l, yields a soft, non-crys- 
talline, reddish -yellow f)owder, which may he <lried over oil ot vitriol. At a red heat, 
the sesquioxide is resolvtsl into G’47 per cent, of oxyg<‘n gas. and 96 63 per cent, of 
prtjtoxiuc. By oxalic acid and by formic acid it is reduced to protoxide, with evolution 
of heat. With nitric, sulphuric, hydrofluosilicic and actitic acids, generally without tho 
application of heat, it is con vert wl into p<‘roxido and a salt of the prr>toxide. It 
dissolves in cold hydrochloric acid, forming a yellow liquid from which it is again pre- 
cipitatfd bv alkalis : the liquid, however, res^dves itself in a few minutes into chloride 
of lead and free chlorine. (W i nkelblech, Ann. Ch. Phann. li. 176.) 

The sesquioxide may also be obtained! by pnjsri pita ting a solution of th<' r<*<l oxide in 
acetic acid (trid. sup.) with caustic alkalis or alkaline carbonates. If the 6xed alkalis 
are used, the sesquioxide always retains a portion of the precipit inf, which cannot ^ 
reinoved by washing; bj;it by pouring the acetic solution into very dilute ummoni • 
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separating the precipitate quickly from the liquid, washing it with hot water containing 
a very small quantity of acetic aci^ and drjing at 100°, the sesquioxide is obtain^ 
pure, having the colour of ferric oxide, and differing in external appearance from that 
obtained by Winkolblech, but agreeing with it in composition and reactions. When 
heated to 160®, it becomes darker, like ignited ferric oxide, but does not decompose. 

The acetic solution of the sesquioxide may be mixed, without decomposition, with 
from 4 to 6 times its volume of alcohol of 96° Tr. (Jacquelain, /oc. cit.) 

Bloxlde or Peroxide of Ziead. Brown or puce Lead. PbO*.— This oxide 
is obtained: 1. Bv exposing the protoxide suspended in water to a stream of 
chlorine gas. Wohler precipitates a solution of 4 pts. of acetate of lead with a solu- 
tion of 3 pts. or father more of crystallised carbonate of sodium, and passes chlorine 
gas through the resulting thin pulpy mass, till the whole of the carbonate of lead is 
converted into brown peroxide, amounting to 24 pts., which may then be uawhod. 
No chloride of load is formed in this reaction, the whole of the chlorine combining 
with the sodium, while acetic and carbonic acid are set free. — 2. By fusing protoxide 
of lead with chlorate of potassium at a temperature short of redness. — 3. By digest- 
ing the red oxide in dilute nitric acid, which dissolves the protoxide, decanting off 

the nitrate of lead, and washing the remaining powder with boiling water. 4. By 

fusing the protoxide for a considerable time with hydrate of potassium, it then crystal- 
lises in black six-sided tables (Becquerel).— 6. According to Schdnbein (J. pr. 
Chem. Ixxv. 88), it is obtained, but always mixed with protoxide, when basic acetiito 
of lead is shaken up with aqueous ^roxido of hydrogen or ozonised oil of turpentine; 
if, however, the oil of turpentine is in excess, the peroxide is reduced to protoxide 
with separation of oxygen.— 6. When a solution of a lead-salt (nitrate or acetate) is 
electrolysed, metallic lead is deposited on the negative, and peroxide of lead on the 
positive (dectrode. 

According to Becquerel (Ann. Ch. Phys. [3] viii. 406), a hydrated peroxide of lead 
may be obtained electrolytically. 

The peroxide is also said to occur native, as pla ttn erite, at Leadhills in Scotland, 
in hexagonal prisms with replaced basic edges, pseudomorphous after pyromorphit<‘. 
Oleavage indistinct. Lustre metallic adamantine. Colour iron-black. Streak brown. 
Opaque*. 

TIio artificially prepared peroxide is a brown powder, which when heated gives off 
oxygon, and is converted into red lead or the protoxide. According to Suckow, it is 
also reduced to the red oxide by exposure to bright sunshine. When touched with 
the moist hands, it gives off an odour of chlorine or peroxide of hydrogen. With 
hijdrochloric add, it yields chloride of lead and free chlorine ; nitrous add converts it 
into nitrate of lead. In an atmo.sphere of pure sulphurous anhydridt it becomes red- 
hot, and is converted into sulphate of lead, and therefore serves to separate sulphurous 
anhydride from other gases. With ammonia it forms water and nitrate of lead; and 
when fritumted with one-sixth of its weight oi sidphur, it takes fire, and burns with a 
bright flame, forming sulphide of lead (Vauquelin); the addition of phosphorus or 
of strong sulphuric acid cau.ses a strong detonation (Grin del). Organic substances 
are rapidly oxidised by it ; when triturated with crystallised tartaric add, it becomes 
red-hot, and eliminates carbonic anhydride and formic acid (Walker). With Jth 
grape sugar, vivid ignition likewise takes place ; also with mannitc, or with Jth of cane 
sugar, liaccniic add, and ee^eexaWy gallic acid, also bike fire in contact wth it; a 
less violent action takes place with mude and oxalic acids, carbonic anhydride being 
formed in the latter case (Bottger). The peroxide 'likewise oxidises organic com- 
pounds in presence of water; thus it converts wric acid into allantoin and urea, 
forming at the same time oxalate of lead and lawrbonic anhydride (Liebig and 
Wohler). Boiled with grape-sugar and water, -it' oxidises the sugar, prwlucing 
formic acid and carbonate of lead. (Stiirenburg.) 

According to Munck af Rosenschold, it is the strongest of all negative electro- 
motors (ii. 421). 

Peroxide of lead does not unite readily with adds; compounds of this oxide with 
acetic, phosphoric, arsenic acid, &c., may however, be produced by treating red leil 
with the respective acids. (See p. 663.) 

The prismatic crystals of acetate of peroxide of lead, or peroxyplumbic 
acetate, which separate from a solution of red lead in glacial acetic acid may be dried 
to a certain extent between bibulous paper, but if the paper be renewed to complete 
the diying, ^e crystals turn yellow, and arc resolved into acetic acid and the brown per- 
oxide ; if still moist with acetic acid, they may be kept undecomposed in closed vessels. 
They melt at K0°, and at a somewhat higher tempeniture, decompose quickly and 
eoinpletel;^, leaving metdlic lead, and omitting an odour of acetone and acetic acid. 
When moistened with water, they are resolved into acetic acid and peroxide of lead ; 
the latter may be obtained pure by washing them with hot water. This reaction 
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Affords an easy means of distinguishing between the solution of the crystals of peroxy* 
olumbic acetate in acetic acid, and that of the sesquioxido in the sntno ncid, as tlie 
ktter yields, besides free peroxide and acetic acid, a certain quantity of neutral acetate 
of lead, which may be detected in the w'atcr. (J acq uclain, J. pr. Chem. liii. 161.) 

A solution of peroxyplumbic phosphate is obtained by dissolving minium in 
moderately concentrated aqueous phosphoric acid, and precipitating the dissolyoil pro- 
toxide with dilute sulphuric acid. The solution may be facilitated by mixing the 
phosphoric acid with sulphuric, nitric, or acetic acid, reroxyplumbic phosphate is 
more stable than the acetate, but on boiling the solution, oxygiui is rapidly evolved, 
and protoxide of lead remains dissolved, without separation of juu-oxidc. The same 
decomposition takes place slowly at common tempi'ratures, Thosphoric acid added to 
a solution of peroxyplumbic acetate increases its stability, and prevents the separation 
of peroxide. — A corresponding arsenate may be obtained in like manner, but it is 
more prone to decomposition than the phosphate. — A ooneentrated solution of tartaric 
acid shaken up with minium takes up peroxide, and a elear solution may be d»‘CJinted 
from the residue, but the dissolved peroxide is quickly decoin})ost‘d, its oxygen oxiilis- 
jng a j^rtion of the tartaric acid, and a precipitate of ordinary tjirtr.ito of lead being 

^ \vith bases, peroxide of lead unit(‘s more roadily than with acids, behaving towainls 
alkalis like a weak acid, and may therefore be called plumbic acid. 

Plumhate of potassium, K‘O.PbO^;lIP() or K’Pl.()V3irH), is obtained in small 
crystals by fusing the peroxide with excess of hydrate of potassium, aud dissolving 
the product in a small quantity of water. The solution, cviiporatod in a vacuum, 
yields rhomlwhedral crystals (Fr6my, J. Pharm. [li] iii. :r2). It may also be pro- 
pared by l)oiling the peroxide in a silver <lish with very strong potash-ley, till a sample 
dissolved in water yields a copious pnadpitatc of the ]>»'roxi(lc on addition ot miric 
acid. A little water is then poured upon the hot mass, and the resulting solution is 
decanted and left to cool; it then de|K)sits plumbatc of potassium in octalicdrons 
(Regnault). The crystals are decomixised by a small quantity of water, yi«‘hling 
peroxide of lead, and a solution of that oxide in the excess of alkali, which, hpweyer, 
IS decomposed by a larger quantity of wat(*r, the whole of tin* peroxide being precipi- 
tated as a brown powder. • • ^ 

The solution of plumhate of potassium forms with njetallic salts precipitates of 
analogous composition. ^ 

JHumbate of calcium is obtain(*d by digesting nitrate of lead at for tive hours, 
with excess of lime and chloride of lime. A colourless insolubh’ eom|H)und is tln*n 
formexl, from which acids withdraw the lime, leaving pure peroxi«le of lead. (Crum, 
Aim. Ch. Phann, Iv. 218.) 

OXTBKOMZBi: OT. Ph’PrH) » PbBr’.PbO.— This compountj is 
formed by igniting bixjmido of lead in conbict w’ith the air till it ceases to omit white 
fumoH (Balard); by heating bromocarbonato of load (p. 640), till all the carl>onic 
nidiydridc is expelled (Ldwrg) ; or by immersing bromide of lead for some days in a 
solution of the ncotato, and agitating from time time. It is a yellow jiowdor, which 
when heated to fusion, gives off dense white* fumes, and solielifios on cooling to a 
yellowish -white, tmnsluccnt, pearly mass. When docompos(5d at a high tem|)onitur<i 
by chlorine, it yields 94 9 per cent, chlondc of lca<l. 

XiBAB, OZTCB&OKZBaS Or, Chloride -of lead unites in five different pro- 
ptirtions with the protoxide, forming the following conqKninds: 

a. Pb«CPO-3PbCP.PhO.---Four parts of chloride lead ignited with one part 
of litharge yield a fused laminar {>oarl-grey mixture, which when triturated with water 
swells up to a bulky mass, having the .al)ovo a)rnis>sition. (Vauquelin.) 

b. Pb*CPO » PbCP.PbO. -- This compound ^jccurs native as matlockitc, in 
the old mine of Cromford, near Matlock in Derbyshire. It fonns dimetric tabulai* 
crystals exhibiting the combination, oP . ocP» . P . 2P3o . Angle P : P in the ter- 
minal edges - 104° 6'- in the basal edges « 120° .62'. (’h-avage basal, not pt'.rfcct. 
Hardness « 2*6 to 3. Specific gravity == 7 21 -6-3947. Lustre iwiamantine, 
occasionally pearly. Colour clear yellow'ish. sometimes a little greenish. Transparent 
to translucent. (Greg, Phil. Mag. [4] li. 120; JiammeUborg, Pogg. Ann. Ixxv. 
141.) 


The same compf/und is formed by igniting chloride of 1o»m1 in conbict with the air, 
till it no longer fumes, or by fusing chloride and carbonate of lead t/gether. t/arixmic 
anhydride is then set free, and a compound is fomifsi which is do<.*p yellow while 
fused, but on cooling assumes a lemon -yellow colour. a”d l^ecomes nm-rrsnis 
BtaUine (Ddboreiner). It is also obuined as a hydrate, 2lb*CPO.HO. when 
«>ceiitly precipitated chloride of lead is digested in a cold solution of neutral acetate 
of le«di also when a solution of common sail is dropped into the neutral acetate. Ihe 
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precipitate when heated gives off its water and melts to a deep yellow mass, becoming 
nearly white on cooling. 

Pattinson prepares this oxychloride on the large scale, for use as a pigment, by the 
following process: — Finely pulverised galena is heated with strong hydrochloric acid, 
whereby chloride of lead is formed, and sulphydric acid evolved ; this gas io collectf d 
in large gasometers, and used for the preparation of sulphuric acid by combustion in 
the ordinary lead-chambers. The liquid is allowed to cool completely in contact with 
the undissolved residue; this residue, which consists chiefly of chloride of lead, is washed 
with cold water to remove the easily soluble chlorides of copper and iron, and then 
gradually introduced into a vessel containing boiling water, which dissolves the 
chloride of lead, leaving a smaller residue consisting of gaugue, chloride of silver, and 
undecomposed galena. By melting this last residue with lime, a quantity of silver 
containing a little lead is obtained, even from ores in which the proportion of silver is 
too small for profitable extraction, either by the ordinary process of calcination, or by 
Pattinson’s condensation process. The hot clear solution of chloride of lead obtained 
as above is mixed with very thin milk of lime, sufficient to neutralise only half the hy- 
drochloric acid present. A precipitate of oxychloride, Ppb^CFO, is then formed, which 
may be used advantageously as a pigment in place of white lead, as it covers well when 
mixed with oil, and does not turn yellow in the dark, or blacken from exposure to air 
containing sulphuretted hydrogen, more quickly than white lead. 

c. Pb*CPO’ = PbCP.2rbO. — This compound forms the rare mineral mendipite 
(also called herzdite and ceraaite) found on the Mendip Hills in Somersetshire, whore 
it occurs in yellowish-white, trimetric prisms exhibiting the faces, oP, ooP, oopoo, 
GopQo, and having the angle ooP : ooP =s 102° 36'. Cleavage very distinct, parallel 
to coP ; less distinct diagonally. Hardness = 2*6 — 3. Specific gravity »» 7 to 71. 
The crystals arc translucent, and have on adamantine lustre on the cleavage-faces. It 
occurs in a state of greater purity at Brilon, near Stadtborgen in Westphalia; the 
crystals tliere found are white, translucent, and have a mothor-of-pearl lustre on 
the cleavage-faces. It is also found in opaque prismatic crystals at TarnowiU in 
•Silesia. 

d. Pb^Cl^O’ «= PbCP.3PbO. — This compound is obtained in the anhydrous state by 
fusing 1 at. chloride of load with 3 at. of the protoxide ; also as a hydrate, Pb^Cl'^U*. 
HK), by decomposing chloride of lead with ammonia; by precipitating basic acetate 
of lead with common salt; and by decomposing a solution of common salt with 
protoxide of load. The hydnite is a white Ihxjculcut mass, and when ignited loaves 
the anhydrous compound, which is a grcenish-yollow laminated mass, yielding a yellow 
powder, knowu as Timier's yellow. It is prepared {is a pigment, by mixing litharge 
with ^ to i of its weight of common salt, and pouring water on the mixture; it then 
becomes hot, swells up, yields a solution of caustic soda containing a very small 
quantity of lead, and a residue of basic chloride, which is washed and ignited at a 
moderate heat. The hydrated comjK)und was formerly used as a white pigment in 
phvee of white load, being known as PaitinsorCs monob(isic chloride ; but it has not so 
much body as white le{id. 

e. Pb^CPO® “PbCP.6PbO.— Obtained by fusing chloride of lead with 5 at. of the 
protoxide. Orange-yellow suhstjinco, yielding a deep yellow powder. 

f. Pb*CPO^ *=PbCr''.7PbO.— -Produced by fusing a mixture of 10 pts. of pure oxide 
of lend and 1 pt. of pure s;il-ammoni{ic, a portion of the lend being at the sjimo time 
reduced. The fused product affords vubic crystals on cooliug slowly. It forms in tliat 
state a beautiful yellow pigment, known as Casscl yellgw. 


:LBAD, OZTCTAJrZBB or. See ii. 253. . 

ZiBAZ>, OX'TTXiirOBZBlI OF. See p. 54 7. V. 

XiBAD, OXTOBir-SABTS OF. Protoxide of lead is a strong base, uniting 
readily with acids, and forming salts, the general characters of which have been already 
described (p. 640). Those which are soluble have a sweetish taste and are poisonous. 
They resemble the salts of barium and strontium in being readily precipitated by sul- 
phuric acitl, and many of them are isomorphous with the corresponding salts of those 
metals. Iy»>nd has a very great tendency to form basic salts, which may be regarded 
either as compounds of the normal salts with oxide or hydrate of lead, or as salts 
derived from two or more molecules of water, in which less than half the hydrogen is 
replaced by an acid radicle: thus, there is a basic nitrate of lead containing 
NO*'. 

Pb(N0*)*.PbH’0* or jTjj | O’, and a tribasic acetate containing Pb(C*H*0*)*.PbO or 
H i 


(0*H*0)*, 
1>V ( 

Iodides, &c. 


The.se ba.sic oxygen-salts are analogous to the oX3rchlorides, oxy- 
(For descriptions of the ind'vidual sjdts, see the several Acids.) 
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The seflquioxide and peroxide of lead also unite with acids, but the snlta tlience 
resulting^ not very stable. They are produced by the action of certain acids on the 
rod oxide of lead (p, 653). 

OXTZOBB8 OP. Five of these compounds have boon doscribcHl : 
a Pb*I*0 « PbI*.PbO, is obtained, according to PrandoH and Kiihno (Pharm. 
rentralbl 1847, p. 593), by precipitating acetate of lo»ul with iodide of jyoUissium. 
Denot (i. Pharm. xx. 1) uses a solution of the neutrjvl acetate mixe<l with a small 
ouantitv of basic acetate, and dissolves out the iodide of load contained in the proci- 
nitato with water. The same compound is 8;iid to bo fornio<l wlien iodide of lead is 
diirestedfor some time in a solution of the neutral acetate. Acetic acid is said to 
dissolve out the oxide of leml from this comjMiund, leaving the iiKlule. By immersion 
in solution of iodide of potas.sium it is converted into iixiide of leml. It contains 1 at. 
witer which is given off at 100® (Kiihno), at 200° (l)onot). It melts with partial 

docomVosition at 300°, and solidifies to a clear yellow glass on cooling. 

b Pl)*PO IPO = Pl)I».2rb0.ir*0, is obtained, according to Kiilme, by dij^sting 
levigated oxide of lead with a boiling solution of iodide of i>otahsium as hmg as >1 con- 
tinues to increase in weight. By precipitating basic acetate of lead witli ukIkIc of 
iH)tassium Kiihnc obtained nothing hut the comjM»iind n, whereas Denot sUtes tliat 
Uinxninds containing 2 at. and 5 at. oxide of h‘a<l to 1 at. iinlnle are ol.tauiiHl by pre- 
cipitating iodide of potassium with dibasic or pontahasic imitate of h'ad. 

c. PbP.3Pl)0.2H'^0. — Obtained by treating a boiling holulion of khIuIo of leiul with 

caustic ammonia. (Kuhno.) , , . • * i *• « 

d pill'' 2PbO PlrO* (?). — Tliis is a winc*red compound, obtained by triMiraling 
ri’Oo’ntlv ni-wipitlitcil hydrate of leod with a fourth of its wedghi of iodino, and hoiling 

with water as long U8 fumes of iiHlino nro given off. (.In mines.) 

e. Pbl'^SPbO. — Remains in the form of a yellow powder when the comiiound a is 
dried and heaU«l. (Handw. d. Chom. 2‘* Anil. ii. [2], bd.) 

XiSADi PHOSPHIBB OP. <i. When phosjdionis is thrown upon melted lead, 
or wht'n le;wl-filiiigs are ignited with an e(pial weight of glacial phoKphonc acid, or 
ehlorido of le.'ul with phosphorus, a compound is fornnsl containing not nmro than 
15 per cent, of phosphorus: it has the colour of load ; may he cut with a knife, hnt 
splits into lamina‘ when hammere<l ; tami.shcs quickly when .-xposed to the air; and, 
wiicn heated before the blowpipe, yields a phospliorus-flame and a globule of leiu 
(l‘vlloticr, Ann. Ch. IMiys. |2|, xiii. 111).-'., IMinHidn.i-.tlnd hydrtignn gas paHsiHl 
f.ir two hours through a sidntion of m atnil an ialc ot had, yirlds .i hrown jire* imtAti , 
which burns before the blowpipe with a small pbosphoniK-llame, lorining beautifully 
crvstalliswl lead-phosphate. (H. Rose, P»>gg- Ann. xxiv. .120.) . • » • i 

XiBAB, SSXiSlfXDB OP. Very small (juantitios of selenium combined with 

h«id render it harder .and less fusible. , , . i i 

The in-otoiidmide. I’bSe, is foriiKMi when lead and selenium are heated togotlior, 
combination then taking place attended with ineandcscenco and a grey ponms mass 
being formed, which becomes silver- white by polishing. When ignited in an open 
vessel, it first gives off selenium, then a small quantity of selenido of lenxl in whito 
fumes leaving a residue of basic selenite of W,. Cold mtne acnl th« 1^ 

hmving red selenium, which, on heating the liquid, dissolves in the form of selenious 

acid. (Berzelius.) , ,, 

.Selenideof lead also occurs native, ns claiisthalite, sometimes pure, somet mis 
having part of the lead replaced by other metals, as cotni t copper, rn. rcury, iiiid sil er. 
It is foun.1 in fine-grained miusses, rometimes foil, .led, wit . "‘V," """ 
- 2-5 to 3. Specific gravity =. 7 to 8;H. I-usIrc mclallic. Colour 
timea bluish; cupreous varieties yillowish. Streak darker. ^ 1^, 

iiular and shining. Rather seetile. Ilefore the blowpip,' it emits tr {t; 

radish and exhibits varions other isactioiis eharaclerislic of selenium (y. ».). Hiiilod 

in a tube it yields a Nuhlimatc of selenium. . -- 

The following are analyses of claust baht and its varieties .--u, II 
Ann. ii. 416; in. 28J); h, 8tromeyer {M ii. 40 . 1 ) ; r Helenide of lead and hiI T 

(Rammelsberg, MineraU fumte, y. .14); ^-‘“VTh 

nides of lead anS copper (11. Rose, Fogg. Ann. in. 2H8) ; ;/, h, rh«. same (Korsten, 

ihid. xlvi. 265) ; 

TOkerode. Claioth.il. Tilkerrslp. CUmthRl. 


tSelcnium 
licad . 
Silver . , 
Cobalt . 
Copper 
Iron . 


27 59 
71-81 


b, 

28 11 
70-98 

* 0-83 


26'52 
60 15 

11 07 


9 * 9 ‘40 99-92 98 34 


rf 

11-42 

01-92 

3-14 

0-4 5 
9893 


'rilkerede. 
/ 


C;)Aihach, 

h. 


14-98 

48-43 

1-12 

15 77 

Too 60 


10-20 
60 28 


7-94 
0-78 
99 20 


12-09 

57-48 

0-05 

8'58 


29-97 

65-16 

0-06 

4-09 


98'20 99-30 


558 


LEAD: SULPHIDES. 


The rarietJea e,/, which contain copper, are by some mineralogists regarded as 
distinct species ; but it is perhaps better to regard them as varieties of clausthalite, in 
which part of the lead is replaced by copper; e and / are called raphanosmite by 
Kobell ; d is called TUkerodite by Haidinger ; d, e, and/ are called Zorgite by Brooke 

and Miller ; e and h agree nearly with the formula | Se ; / and g with f.:! Se. 

Clausthalite and its varieties occur at HarzgoroSo, in the Hartz, and at Clausthal, 
Tilkerode, Zorge, Glasbach, near Hildburghausen, and Lehrbach ; also at Itamsberg 
and Freiberg in Siixony. 

Jjehrbackitf, which is a selenide of lead and mercury, and is described as having the 
structure and colour of clausthalite, is, perhaps, a mechanical mixture of that minenil 
with selenide of mercury. It emits the odour of selenium before the blowpipe, and 
gives mercury with soda. H. Rose found in one specimen 24*97 per cent, seleniuiii, 
66*84 lead, and 16*94 mercury ( = 97*76); in another, 27*98 selenium, 27*33 lead, and 
44*69 mercury ( = 100). 

ZiBAD, SITXiPKZlIBS OP. There are four compounds of load and sulphur, 
namely, the protosulphide, two subsulphides, and a persulphide ; but the protosulphide 
is the only one whoso constitution is accurately known. 

Tetartosalphide. Pb^S? — A finely divided mixture of 100 pts. of galena and 84 
of lead heated for a quarter of an hour in a well-closed charcoal-lined crucible, placed 
in a wind-furnace with a strong draught, yields 144 pts. of a dull, load-coloured, 
fine-grained, semi-mall eablo, soft mixture, exhibiting a dark-grey colour on the cut 
6urfa(!o. When oxidised by nitric acid, it yields 36 per cent, of lejul-sulphato, and 
must therefore contain 3*96 per cent, of sulphur. (Bredborg, Pogg. Ann. xvii. 274.) 

B«mlsalplil<le. Pb^S. — 1. By the same process as for the precefling comjwuud — 
excepting that the mixture is fused in an earthen instead of a charcoal-lined crucible, 
and covered with bonix — 160 pts. of a more brittle mixture are obtained, having a 
dark leaden-groy colour, a finely laminar fracture, and containing 7*207 per cent, of 
sulphur (Bredborg). — 2. Sulphate of lead ignited in a charcoal-lined crucible gives 
off sulphurous anhydride and leave.s hcmisulpliido of load, which at a higher tempera- 
ture, partly volatilises and is partly d(‘coinposed, leaving a residue of moUdlic lead. 
(Berth i or, Ann. Ch. Phys. [2J xxii. 240.) 

BrotoAulpl&lde. PbS.— This compouml is found native as galena (hftut /cad, 
galine, lileig/am), the most abundant and imporbint ore of lead. It occurs fre- 
quently in very fine crystals belonging to the monometric system, with cubic 
cleavage, perfect and eaHify obtained. The ordinary forms are flu* octalu'dron, <'u]m-, 
and rhomliic, dodecaliedron, occurring alone or in combination with other forms, 20 for 
example, Hulmrdinate; twins like//;. 3*20 (ii. 160), and others in w'liieh the intersec- 
ting cubes are of diffcTcnt size.s, or in which the diagonals do not exactly coincide ; 
also pseudomorpbs after pyromorphite. 'fhe crystals are frKjuently imbedded.orunited in 
granular aggregations. The miin'ral likewi.^ie occurs in tabular, reniform or botryoVdal 
mJisses, coarse or fine panular, sometimes imjialpabb', occasionally fibrous. Jlardnrss 
«=> 2*5. Specific gravity « 7*26 to 7*7. Lustre metallic. (\>lour and streak pure 
lead-grey; surfaN?e of crystals oee;u!ionally tarnislied. Fracture scarcely perc(‘ptible 
ill the crystals, on account of the perfect clcavagi* ; in the massive varieties, fiat sub- 
conchoidal, or uneven. Before the blowpipe, it di'crepitates strongly, melts and yields 
a globule of lead lus soon as the sulphur is volatilised. 

For analyses of galena, see p. 480. 

Galena is found ahundantly in Kngland and in many paftsof Europe; in the Paouria 
Mountains, Siberia; iii Algeria ; near the Cape of Good Hope ; in Australia ; and in 
many parts of North America. It oecura in beds andlijioin.s, Ixith in crystalline and 
uncrystalline n>cks, often a.ssoeiated with blende, iron lind copper pyrites, carbonate 
of lead and other lead ores, and in a ganguo of heavy spar, calespar or qu.-irtz. It 
often suffers decomiiosition, and gives rise to the formation of otlier plumbiferous 
minerals. 

Breithaupt’s antimonial galena from Freiburg in the Breisgrau, with specific 
pavity 6*9 to 7*0, is pcrliaps the same as ateininannite from Prcibnim in Bo- 
hemia. Wliether the tetragonal galena of the same mineralogist, also containing 
antimony, is a dimetric variety of galena, is not exactly known. 

Protosulnhide of lead is pixslncwl artificially: — 1. When sulphur is mixed with 
melted load, the w’holo t>ecomiiig red-hot. Strips of lead even of moderate thickness, 
take fire in sulphur- vapour, and bum with vivid glow, depositing half-fu.«!ed globules 
of the proto.sulpbide. — 2. By heating the protoxide with excess of sidphnr. — 3. By the 
action of sulpnydric acid or an alkaline sulphide on the oxide or salts of lead. — 

4 . Becquerel, oy immersing cinnabar in a solution of chloride of magnesium contained in a 
IllasB tube, dipping a lead plate to the bottom, and leaving the tube well closed for six 
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weeks, obtained grey, metallic-shining, regular tetahodrons of the protosulphide, which 
formed on the sides of the tube. 

Sulphide of lead obtained by fusing its elements togetlier is of a leud-grey colour, 
with granular fracture ; tliat which is precipitattHl by sulpliydrio acid is a brown-black 
powder, and, according to KarsUui, has a density of 7‘f)0l}2 after fusion. Suljdiide of 
lead melts at a strong rod heat, volatilises at a sti*onger heat, and sublimes undecom- 
poscd if kept from contact with the air. 

Decomposition. — 1. Sulphide of lead, when gently ignited in tlu' air, gives off the 
greater part of its sulphur in the form of sulphurous anhydride, while inelallie lead 
(amounting to about half the total quantity) and sulpliate of had n'lnain beliiud 
(Descot ils, Ann. Ch. Phys. [2] Iv. 441). — 2. The protosulphide and protoxide of 
lead decompose one another wheu heattd together, evolving sulphurous anhydride and 
leaving metallic lead ; 

• PbS + 2PbO « Pb* + SO*. 

3. The protosulphide heated in vapour of water gives off snlpliydric /icid and yicdds 

metallic lead. The first prcxluct.s formed are sulphy»lric acid and t lie |)i*otoxiih‘, whii'h 
then rt'actson the remaining suljihide in the mann«Tjusl described. -4. Whrii sulphide 
of lead is fused with alkaline earbonates, half the lead is separated in t he metallic state, 
and on addition of metallic inm, the whole. 

Protosulphide of lead is insoluble in dilute on'ds, in caustic alkuliM^ and atkahnA 
sulphides. When boiled with dilute nitric acid it gradually dissolves as nitrate, with 
evolution of nitric oxide, and separation of sulpliur. Tlie finely divi«led sulphide 
lreate<l w\{\i fumiTUf nitric acid is completely converted into sulpliate of lead; but if any 
pjrt,ion of the sulphur remains unoxidisial, a corresponding quantity of the lead is con- 
verted into nitrate. By strong hydrochloric acid it is eonverted into chloride of lead 
with evolution of sulphydric acid. Nilro-hydrochtoric acid converts it into chlorido 
and sulpliate of load. Chlorine decomposes it slowly, forming chlorirlo of lead and 
chloride of sulphur. 

Penulpblde. A solution of a lead-salt mixed witli pentasulplnMe of plasHium 
yields a pr(‘ei pit ate, M'hich has at first a fine blood-red colour, l>ul (piiekly 1os»*h this 
colour, even while immersed in the liquid, and is resol V(‘d into the pp>toHiiIphid|* and 
free sulphur. Higher sulphides of lead are also said to be fonmai by the action of 
suljihydrie acid on the sesquioxide and peroxide of lead ; but their cornposilion has not 
be<-ii made out. 

XfSADf SirXiPBOCARBOXa’ATE OF. See Sui.ruoCAnnoNATES. 

XiBAO, 8IIXPHOCB&OKZBB OF. If a lead-salt, e.y. aqueous cliloride of 
lead, be prcci{)itat«'d by a mixt ure of aqueous sulphydric and hydrocliloric acids, tliep^ 
i.s produced, first a yellowish-red, and lluui u red precij>itate containing about 60 per 
ceut. (3 at.) of Icad-sulphido, and agreeing very nearly with tho formula, PbCr‘‘.3PbiS. 
An excess of sulphydric acid turns it black and converts it intfj pure sulphide of load; 
the same change is produced by boiling with water, which extracts t he cliloride ; tho 
comjKiund is also blackened by ixitash, wliich extraets the chlorine (IT iinefeld, J. pr. 
('hem. vii. 27) - When sulphydric acid gas is passed throiigli a solution of ^ pt. Icad- 
acetate in 100 pts. of water mixed witli 10 pts. of liydroehloric nei<l of specific gravity 
1108, a beautiful carmine- coloured precipitate of sulphocliloride of lead is pnsluccd. 
If tin* solution contains 1 pt. of Ie;nl-acetatc, 112 pts. of water, and 14 of strong hy- 
drochloric acid, sulphydric acid produces a y«'lIow precipitate, which ^dves up chloride 
of leivl to boiling water, while black piotosul]>hid<' ot lea*! reiuaiiiH beliind. If, instead 
of 14 pts. of strong hydrochloric acid, w'o use 14 pts, of a mixture ot 2 pts. of stinuig 
hy«lr(K*hloric and 1 pt> nitric acid, prepan*<l two days Isforeand containing pern i trie oxide, 
the sulphydric acid produces, after a while, first a yellowish-red and then a cinnabar- 
red, granular precipitate. If the stream of sulphy<lric acid gas were continued for a 
longer time, the precipitate would become first canniiie-colf>ured, then brown, and 
lastly block. The red granular precipitate, when boiled with water, gives up 
a considerable quantity of chloride of lead, and is converted into a brown-rr*d, flm- 
culent powder, which then iindei’goes no further ehaiige, hut when heated alone in a 
glass tuljc, gives off sulphur and sulphydric arid, and fuses to a brown mass. 
According to this reaction, the pemitri*? oxide must have precipitated sulpliur from the 

sulphydric acid, and the red precipitate is a comfKiund of the chloride with a isdy- 

sulphide of lead. (Rein sen, J. pr. Chem. xiii. 130.) 

UBABf SBBFBOCTAlf ATB OF. See .Sn.rnocYAKATES. 

ULABt WBXTB. Hydrated carbonate of lead uH<'d as a pigment (ii. 78fi). The 
native anhydrous carbonate is also called white lead ore. 

Syn. with galena (sec p. 668). 
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UUL9-0ULS8. Vitrum fUmhi—k term fomerijr applied to perfect! 
oxide of lead. Oxide of lead ia used as an ingredient in yanous iinds of 

jJint-glrtss, crystal-glass, strass, &e. (n. 041). 

Theghze of tJie more common kinds of earthenware consists of 
an easily fusible silicate of lead, prepared from a mixture of finely gwund red lead, 
litharge, white lead, or galena, with clay or sand. It melts more easily in proportion 
as it is richer in lead, but when the proportion of lead is very large, the glaze is decom- 
posed by dilute acids, which dissolve part of the oxide oflo^. 

SO* ] 

]L8i>JDBZZiZ(ZTlS. Sulphate- tricarhonate of lead, PbS0^3PbC0• =» (CO)*, 0* 

pI,-] 

— A crystallised mineral occurring, together with other ores of load, atLeadhills in 
Scotland; said also to he found in Gren.ida, in the island of Serpho, Grecian Arclii- 
polago, and in the Nowberg district. South Cai*olina. The crystals are trimetric, 
exhibiting the pianos oofoo (greatly predominant), ooPoo, ooP,* ll'oo JP; iPoo; 
h P and others. Anglo ooP : ooP = 103° 16. Ratio of principal axis, braeliy- 
diagonal and macrodiagonal = 17205 : 1 : 1*2632. The crystals arc hemihedral 
in ooP and some other pianos ; hence they are monoclinic in aspect, or rhornbohedral 
when in compound crysUils. Cleavage very perfect parallel, to ooPoo ; in traces parallel 
to ooPoo . Twins consisting of three crystals, with face of composition Po) ; also paral- 
lel to ooP. Hardno.ss — 2*5. Specific gravity =. 6*2 — 6 5. Lustre of a>Poo pearly, of 
the other faces resinous, somewhat adamantine. Colour white, passing into yellow, 
green, and grey. Streak uncolourod. Trans[)arent to translucent. Conchoi'dal frac- 
ture scarcely observable. Rather sectilo. Refore the blowj>ipe, it intumesces at lirsb 
then turns yellow, but becomes white on cooling; easily reduced on charcoal. It 
elfervc.sce8 briskly in nitric acid, and leaves a white residue of lead-sulf)liate. 

Rerzolius found in tho mineral 28*7 percent, sulphate, and 7 10 carlwnaU^ of lead 
(=» 99*7); Stronieyer found 28*3 sulphate, and 72 7 carbonate (= 100); the formula 
requires 27*44 sulphate and 72*56 carbonate. (Dana, ii. 371.) 

XiBAD-lMtATT. Matte dcplomhe. Bldstvin. — Tliis term is applied to the mix- 
tures of sulphide of lead with other metallic siilpliidcs, cliif lly sulphide of iron, obtained 
in tho mobillurgic treatment of lead-ores (p. 492). 

XiSAD-OCHRB. Native protoxide of lead (p. 550). 

XiZ:a1>«PZiABTSR« A mixture of the lead-soaps of fatty acids, u.sed in medi- 
cine as an external application. It is prepared by heating 9 f>ts. of olive-oil 
(sometimes also lard or rape-oil) nearly to its boiling- j^^Kunt, then adding by degrees 
6 pts. of powder('d litharge, incorporating thoroughiy with a spatula, adding from 
time to time small portions of warm water, and continuing the heating and inoor- 
jK>rafion till a few drops of tho mixture harden when thrown into waU^r, and form a 
glutinous mass between the fingers. Sometimes a mixture of litharge and white load 
is used instead of litharge alone.-~Well-prepared lead-pla.ster forms a whitish-yellow 
homogeneous mass, somewhat flexible and tenacious in summer, brittle in winter. When 
gently heated, it melts to a thick liquid, which, at higher temperatures, turns brown, 
and finally black, giving off irritating vapours. 

ZiSAD-]tAX>ZCZiZ:s, OROASTZe. These compounds, the series of which is at 
present far from coiuph*to, are obtained by tho action of the iodides of the alcohol- 
radicles on lead or its alloys w'ith potassium or sodium, or of zinc-ethyl on chloride of 
lead. The formation of ethyl-comi>ound8 by tho ^rst of these processes was first 
observed in 1853 by Lb wig (J. pr. Chem. lx. 304 ;>Ann. Ch. Pharm Ixxxviii. 318), 
soon afterwartls by C a hours and Riche, (^("ompt. Tynd. xxxvi. 1002.) 

Tho iodide of the r.vdicle Pb*(C*H*)* was aiscovered by Lb wig, who designated the 
radicle raethplumbethyl, and studied several of its compounds, but did not obtain 
it in the free sUite. It has since been isolated (1860) by Klippel (J. pr. Chem. 
Ixxxi. 287), who has likewise obtained tho corresponding amyl-compound. — ^The 
compound I0)(C*IP)* was discovered in 1858 by Buckton (Phil. Mag. [4] xviii. 
212, xvii. 282; Ann. Ch. Pharm. cix. 218, cxii. 220); and the corresponding 
methyl-compound by Cahours in 1861 (Ann. Ch. Phys. [3] Ixii. 257; Ann. Ch. 
Pharm. exxii. 48), who likewise obtained by its decomposition, the compound 
Pb*(CH*)*. 

A myl-componnds. 

Flmnbotriamjl. Methplumhamyl. Pb*(C*H**)* * Pb*Am*. — Prepared (like the 
corresponding ethyl-compouud) by di.stilling an alloy of lead and sodium with iodide 
of umyl, shaking up the distillate with ether, distilling off the ether after addition of 
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ft little alcohol, and treating the residue with a large quantity of water. Plumhotri- 
vl then separates as a yellowish, oily, non-volatile liquid, inodorous in the ^)ld, 
sroellinglike plumbotriethyl when warm : its vapour exerts an irriUiting action on the 
muci>u8 membranes. When set on dre it burns, with scpivration of load-oxide. With 
fumini? nitric acid it detonates, with emission of light and heiit. 

The cWork/s, PbAm>Cl, is obtained by treating the oxide with hydrochloric 

acid. It crystallises in white needles. ^ . 

The iodiJ-e PbAm*I, is obtained in white needles by adding iodine to tlio ethereal 
solution of plumbotrianiyl, till the colour becomes permanent, and ovaiKmvling the 
filtrate It is more stable than the corresponding ethyl-compound, melting at 100 
without decomposition, and solidifying in the crystalline form on e(H»ling. /t ‘S mso- 
liible in water. It unites with mercurir iodide, torming the double salt 1 bAm l.llgl , 
^hich crystallises in golden-yellow lamina*, insoluble in water, sjianngly soluble m 

'Stilling the alcoholic solution of the iodide with recently precipitated 
oxide of' silver, evaporating the filtrate, and treating the residue with water, oxide of 
plumbotriamvl separates as a faintly yellow viscid mass, insoluble in water, soluble m 
alcohol and ether; the alcoholic solution has a faint alkaline reaction, and protupitatcs 

ferric salts, but not copper or silver salts. , , . ... • -a 

The sidphute, obtained by heating the oxide with dilute sulphuric acid, is a viscid 
uncrystallisable mass. (Klippel.) 

Ethyl- compound 9. 

Vlambotrtotti7l. rb’(Cai>)‘ = Pb'l.;*. IxiwigV 
BClitiR on an aUoy of 6 pt«. le:id and 1 J.t. «odniin willi nabdo of ethyl, obUnniJ a 
niixturo of sovanil load-compounds of ethyl, which ho was not. aldo to B< pamto. Iho 
inixUiro was m.rf<K'tly colourless, tolerably mobile, Tolatilc, amOtad a powerful odour , 
did not fumo'iii tho air, but when set on fire Imriit and gave off douse jdouds of oxido 
of load It took tire when strong nitric acid was poured upon it, and exploded witli 
great violoiico in contact with iodine w hromiiie. It was iiisolul.le in water liut dis- 
ielvcd readily in alcohol or etlicr; and the solutions, when exposed to iheair.dotKW 
an amorphous taiwder, iusoluhle in water, alcohol and ether, l.ut capable of 
crvstallisable sidls with acids, while in sohitieii lliere reni.amoil a “ 

base tlie oxide of plumliotriethyl. tho radicle oi which appwtrod to constitute the 
gri ater part of the pwduet. This radicle, howev.r, Isjwig did not sticcticd iii isolating. 

Klippel prepares an alloy of leail and sodium, having nearly the comiaisition 
I’h^Jia*!^ by ineltuig ;1 pts. of load in a hessian crucible, and after removing >* fro™ f*'® 
lire adding 1 pt, sodium in small pieces still inoisleiied with rock-oil, and stirring 
with an irmi rod. Combination then takes place, attended willi evolution of heat and 
i.itlammation of the rock-oil (the gases evolved ly winch protect the ®U'>y f™™ 
tioii) When the action is completed, the cntcihle is Itllcd with warm sand and ka to 
cool slowly; the crystalline alloy is ptilvcriscd in V.f ‘ 

small quantity of dry sand, then introduced into a nuiiiher of small flasks and dreiicl . d 
wTh iodide oLtliyb^and the flasks are immediately eo.iiiectcd w.tli * 
tn prevent loss of iodide of ethyl, wl.ich distils over in ,;on».s,iienee ^ 

l.y the violent action which iinmcsliatcly takes place. Tlie ’“''"I" ' f 
to flow back into tlie flasks as long as any action goes ^ “3^^ 

the excess of iodide of ethyl is distilled oil over t he water-hiilli ; 
poured out of the flasks into a dry glass cylinder «.nd slii^en '1 J/. ''7' 

dissolves the plumbotriethyl ; and the ether is distilled * 

water: the plumlxitriethyl then separates as an oil at the ' Vo j„ 

Plumbotrletlivl is a yellowish mobile oil, of siK-cific gnivily 1 471 at 0 , insoluble m 

.eafiT e^iirSublo m alcohol and ether. It volatilises midecoin,-i»ed an s.iiaU 

ouantity with ether-vapour, but cannot be dintilleA alone. Ily the action 
? ^ A Vx/^:itn(y with water it d<‘wmi»o?*<*f*, with Hepara’ion of mefalbc lead 

(kSv^^ig). carbonate (iHippel). Chhrim-ireU.r decomposes it, with separation of 
chloride oneaff ao alcoholic 

sofut1on!Cl^vais,rati.^^ the ether; it then cry.tslli«,. in long neealle.. 

^^The ci/ort<f« PbE'Cl, is obtained by adding chloride of barium to a solution of 

th. Ll^hato in ahihol containing hyd.K-liloric acid, VtrnXu g 

the ethereal Holution by water, and h aving it tf. evafforate (Loii ig). by ncutralimng 
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the oxide or carbonate with hydrochloric acid (Klippel) ; or by the action of hydro- 
chloric acid gae on phiinbotetrethyl (Buckton, p. 663). It ciystillises in beautiful 
long needles, haring a high lustre, and giving off a strong odour of oil of mustard 
when gently heat^. When heated in a glass tube, they detonate slightly, even at a 
moderate heat, yielding chloride of lead and metallic lead (Lowig.) 

The chloromercuraie, PblPCl.HgCP, separates from a hot alcoholic solution of 
the component salts in white nacreous scales; the ‘ chloroplatinate^ 2PbE’Cl.PtCP 
in copper-red crystals, sparingly soluble in water, more easily in alcohol and ether 
(Klippel.) 

The cyanide, C^H'^NPb = PbE’Cy, is obtained by heating cyanide of potassium 
with an alcoholic solution of chloride of plumbotriethyl, for a considerable time, in a 
sealed tube placed in a water-bath, mixing the resulting blood-rcd liquid with water 
and rec^sUllising the resulting white precipitate from ether. It then separates iil 
prismatic crysbUs, which, when heated in a tube, melt and decompose, with deHagration, 
soparjition of mobillic load, and evolution of inllammaUe va{^)Our8. (Klippel.) * 
The iodide, formed by the action of iodine on plumbotriethyl (Klippel), 

or by the reaction of iodide of jwtas.sium and sulphate of plumbotriethyl (Lowig), is 
^luble in ether and very unstable, the ethereal solution quickly yielding a deposit’ of 
jwhdo of load.— If the compound, while yet undecomposed, be distillwi with water, iodide 
of lead separates immediately, and the water which passes over is accompanied by a 
colourless, mobile, very pungent liquid, no longer prone to spoubineous decomposition 
and having nearly the composition (PbE“)<l3. (J.bwig.) 

Oxide of plumbotriethyl is obtained in the hydrated state by adding a solution 
of nitrate of silver mixed with alcohol to the alcoholic solution of the mixed radicles 
ns long as metallic silver is precipitated ; filtiTing from the silver ; agitating the result- 
ing solution of nitrate of plumbotriethyl with alcoholic potash and afterwards with ether* 
adding a sufficient quantity of water to separate the ethereal solution of the oxide* and 
evaporating the ether in a retort. Hydrated oxide of plumbotriethyl then remains in 
the form of a thick oily liquid, whicji solidifies after a while in a crystalline mass 
filipperv to the touch like hydrate of-potassiuin (Ldwig). It may also be prejiared by 
graciually adding iodine to the ethereal solution of plumbotriethyl till the colour no 
longer disappears, and irnmiKbately agitating the liquid wdth moist oxide of silver. An 
a kaline solution is thus obtained which, on addition of water and removal of tho 
alcohol and ether by distillation, d(*posits hydrate of plumbotriethyl as a nearly colourless 
thickish oil (Klippel). It is volatile, and forms white fumes when a rod moistened 
with hydrochloric acid is held over it. When heated, it gives off white vaiiours, which 
excite powerful sneezing -a property which also belongs to the radicle itself and many 
of Its compounds. The hydrate dissolves sparingly in water, readily in alcohol and in 
ctliw; has a strong alkaline rtuiction, and a shar|>, disagreeable, caustic taste (Lowig, 
Klippel) ; saponifies fats ; precipitates the oxid«‘s <^f iron, copper and silver from their 
mltn; also iihirmna and oxide of zinc, lioth of which it rcdissolves when added in 
excess. (Klippel) 

Oxygon-s<il ts. The oxide unites readily with acids, forming crystallisable salts. 

\ ho acetate, benzoate, butyrate form needle-shaped crystab, soluble in water 
alcohol, and ether, ’ 

Carbonate, Pb'^E"C(I’. — Tho hydraUsl oxide ntpidly absorbs carlionic acid from 
Ihe mr, and by leaving tho alcoholic solution to evaporate in tho air, tlio carbonate is 
obi allied in small hard crystals (Lowig) ; or it may be prepared by passing carbonic 
anhydride into tho s»»]ution, and separated by addition of curlKuiate of ammonia, care 
being taken however to avoid an excess of the latter, which would give rise to tho forma- 
tion of an ea.sily soluI>le double salt. Carbonate of plumfctriethyl has a strong buruing 
taste, 18 nearly insoluble in water, sjNiringly soluble ii^^cohol and ether. Alcohol 
containing hydrochloric acid dissolves it with effervescence. (Lowig.) 

Formate of plumbotriethyl resembles the acetate. 

The nitrate, TbE^NC)’, is oblaim>d by decomposing tho alcoholic solution of tho 
mixed plumbetliyls (Lowig, p, 661), or the ethereal solution of pure plumbotriethyl 
(Klippel) with nitrjite of silver. It remains on evaporation as a colourless, viscid 
liquid, which smells like butter, has a buruing taste, and solidifies after a while to a 
c^’stallino unctuous mass. It is deconiposisl by heat, with slight detonation. It 
dissolves readily in alcohol and ether; the alcoholic solution when ovapomtod deposits 
a small quantity of nitrate of lead. (Ld w i g.) 

The neutral exa/u/r forms scaly laminar crystals, which when dried over oil of vitriol 
contain C*(PbE*)*OMl^(). (Klippel.) ’ 

A phosphate (PbE>)H*PO*, is obtained, by siUurating the oxide or carbonate with 
phosphoric acid, in stellate groups of crystals which dissolve readily in water, alcohol, 
and ether, and are oxidised with vivid deflagration, when treated in the drv state with 
fuming nitric acid. (Klippel.) 
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SulpJ^^ (PJ)E*)*SO*.— When sulphuric acid is added by drops to an alcoholic 
solution of the oxide, leaving the base in oxooss, a daszliug white crystalline precipi- 
tate of the sulphate is obtained, which must bo washed with alcohol and aitwwiifds 
witli ether. The SJilt is nearly insoluble in water, absolute alcohol, and ether, but dis- 
solves readily in alcohol mixed with sulphuric or hydnx^hloric acid. From the acid 
solution it crystallises in tolerably large, hanl, sliining t)ctahedral crystals (Ldwig). 
Klippel, by dissolving the carlKuiate in alcoholic sulphuric acid, obtained the 
sulphate in crystals like those of quartx. Buck to n, by decomposing the chloride with 
sulphuric acid or sulphate of silver, obtained it in asbostifonn needles. 

The acid tartrate, C*H*(PbE*)0'* (at 100*^), forms scaly laminar crystals. 

Sulphide of plumbotriethyl is obtained by treating a solution of the oxide or 
a sjilt of plumlmtrietliyl, with sulphydric acid or sulphide of ammonium, as a white 
phHjipitato, which is noarlv insoluble in water, alcohol, and ether, and blackens quickly 
'<tith separation of sulphide of lead. (Klippel.) 

The siilphocyanate is formed by heating an alcoholic solution of the chloride with 
recently precipitated sulphocyanate of silver to 100^^ in a sealed tube. It dissolves in 
water, alcohol, and ether, and crystallises from the ethereal solution in the same form 
as sulphocyanate of potassium. (Klippel.) 

Flumbotetrettiyl. Pb*C'IP« = Pb(()«H»)*orPbF/. M thylidf of lead. IHumho- 
diethylidc (Buckton). — Produced by the iiction of zinc-ethyl on chloride of load : 

2ZnE’ + 2PbCP =* 2/nCP + PbF‘ + Pb. 

When dry chloride of load is lulded to zine-«‘thyl, decom^xtsition takes pbico immo- 
<liatoly, attended with separation of metallic 1(mi<1, juuI slight rise of teinperatviro ; and 
on julding an excess of the lead-chloride, and warming gently for a few minutos, a 
clear liquid may be decanted, apparently consisting of several lead -nwl ides combine^l 
with zinc-ethyl, which cannot be completely removed by digestion with t‘XC 0 HS of lead- 
ehb)ride, but may be expelled for the most part- by distillation. The liqui<l remaining 
in the retort at yields, when trcjitiHl with wat-i‘r and hydrocbba*ic acid, 

heavy c/ilourless drops of a liquid, the greater part of which, consisting of plumbo- 
tetrethyl, distils over between ItlH^aud 202"^; but the com|)ouml is most easily obtained 
in the pure state by distillation in a rarefied atmosphere. (Buckton.) 

Plumbotetrethyl is a transparent colourless liquid of sjx'cific gravity 102. Under 
the ordinary pressure it boils with partial d(‘ComjK)sition, at a few degrees ids) vo 
but under a pressure of 7 0 inches of mercury it boils without docom|Kj8ition at 152®. 
When sot on fire, it burns with pale-grt'en-bordered llamo, emitting a fume of lorwl- 
oxide. In a stream of hydnx’hloric acid gas, it is converted into chloride of plumlnj- 
triethyl, with evolution of hydride of ethyl: 

Pb(C*H‘)« + UCl « Pb(C*]l*)»Cl *- C'-'lIMl. (Buckton.) 


Meihyl'Covipounds, 

Plambotrtmetliyl. PbC’IP - Pb(CIP)* - PbMe».— This nwlicle has not yot 
been obtainetl in the free state, but its salts are pnxluced, with evolution of h;ydride 
of methyl, by treating plumlmtetramethyl with acids: c.y. with hydnichloric acid, tlio 
rr.iction being precisely similar to that which takes place in the case of the correspond- 
ing ethyl compound, as represented by the cejuation just given. 

CU(Mc of plumhatrimcthyl, PbMe'Cl, thus obtained, separates from the solution 
t»n c<K)Iing in long needles very much like chloride of lead. If the iKiiling of the 
plumls»tetramethyl with hydrochloric acid be too long coiitinuo<l, chlorulo of lead is 

apt to be formed. i 

lirmnide of Plumlndrimethyl is somewhat more soluble than the chloride. 

The iodide, PbMeU, is obtained by a/lding iodine to pluml>otetramethyl till the 
colour becomes permanent (iodide of methyl being probably formed at the saihe time. 
PbMe* + I* - PbMe*I Mel). 

The product is a white solid mass, mixed with ycdlow iodide of lernl, sparingly soluble 
in water, easily in alcohol, and crystallising in long colourless msHllos, which *may bo 
sublimed. By distillation with caustic poUish, it yields the hydrate of plumbo- 
trimethyl, as a strong basic oil, smelling like oil of musUird, and solidifying in 
prismatic needles. (C a hours.) 

Plfimbotetrametbjl. PbC*H'* - Pb(CH»)< « PbMo^ — Produced by tho 
action of iodide of methyl on an alloy of 5 ptii. loa^i and 1 pt. sfxlium, or, l^t^r, by 
treating chloride of lead with zinc-methyl. It is a cfilourless, mobile liquid, having 
a camphor-like odour, insoluble in water, but soluble in alcohol and ether. It Vmils at 
160 ®, decomposes at a few degrees above tliat lem|>eniture, but wuiy be distilled with- 
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out alteration in a gas which does not act upon' it (Cahours)«,. According to 
But tl crow, however, it smells like strawberries or mould, not at all like camphor, 
boils at 100®,* and when free from zinc-methyl, may be distilled without decompo- 
sition in contact with air ; in a sealed tube containing chlorocarbonate of ethyl, it may 
bo heated to 200® without decomposition. Its vapour-density, determinea by Gay 
Lussac’s method, is 9-66 at 115®, and 9*62 at 130®; calculation =* 9*26. It appears 
then that the com^und is converted into a perfect gas at a temperature very little 
above its boiling point. (B utt lerow.) 

Plumbotetram ethyl, like the corre.sponding ethyl-compound, does not unite directly 
with oxygen^ chlorine^ or iodine^ but is decomposed thereby, yielding compounds in 
which part of the methyl is replaced by the acting elements, but belonging tp the. same 
typo as plumbotetramethyl itself; e.g. iodide of plumbotriothyl, Pb(CH*)*I, by the 
action of iodine. Treated with (wids^ it yields hydride of methyl and a salt of plumbo- 
triethyl. (Cahours.) * 

XiBAD-SOAPS. Lead-salts of the fat-acids. Common lead-plaster (p. 5G0) is 
a preparation of this kind. — Palmer in 1845 patented the preparation of a lead-soap 
for groiising the axles of railway earriages, &c. It is prepared by heating the impure 
oleic aeid obtained from the manufacture of stearin-candles, and stirring litharge into 
it as long as the litharge is dissolved. Before use it is mixed with a certain quantity of oil 
or tallow. — A compound of lead-oxide with the acids of linseed-oil, prepared i)y decompos- 
ing the potash-soap of linseed-oil with solutioii of acetate of lead, serves, when dissolved 
in oil of turpentine, for printing on wall-paper, previous to gilding it with gold-leaf or 
Dutch mottil, or dusting it with wool-shearings for the production of flock-patterns. 

&1IAXI-8VSX88, The metallurgical name of certain products obtained in the 
working of lead-ores containing arsenic or antimony. The following table exhibits 
the composition of two lead-speisses analysed by Bodemann : «, from Clausthal ; />, 
from Andreusberg, and another ; c, by Ahrend from the Lower Ilartz : 



Pb 

As 

.Sb 

Cu 

Ag 

Fe 

8 

Co and Ni. 

a. 

68-2 

, , 

30-3 

trace 


trace 

1*5 


b. 

90-5 

01 

1-3 

0-3 

*0 i 

2‘6 

60 


c. 

20*1 

130 

5*2 

44-5 

01 

5'6 

2-8 

2’3 


X.BAD-VZTRXOX., Sulphate of load (see Sulphates). 

XBAT-GRBSiar. See Chlorophyll (i. 922). 

XBAF-RSB. See Erythrophyll (ii. 506). 

XBAF-YSXXOW. See Xanthophyll. 

XVATB8R consists of the skins of animals prepared by a process, or rather series 
of processes, called tanning, by which they are preserved from putrefying while 
moist, and rendered soft and pliable when dry. The skins are first freed from epider- 
mis, fatty matter and hairs, by steeping them in milk of lime, or in an acescent in- 
fusion of barley- or rye-meal, or spent bin, which sets up a slow fermenbition ; by 
either of these modes of treatment, the epidermis and the cellular tissue in which the 
hairs are rooted, are disintograbMl, so that the hair and epidermis can then be easily 
removed by scraping. The skins thus prepared are then steeped in an infusion of some 
substance capable of uniting with the true skin and converting it into leather. The 
materials used for this purpose are : 

1. Tannin or tannic acid^ in the process of tanning properly so called, which is 
applied chiefly to the stouter kinds of leather, made from the hides of oxen and horses. 
The true skin of animals is a gelatinous tissue (ii. ^26) and gelatin unites with 
tannic acid, forming a tough insoluble substance possesj^g the properties of leather 
(ii. 765). Several sub.stances are used by the tanner as fonrees of tannic acid ; but the 
most valuable and most extensively used of all is oak-bark. The following sub- 
stances are also used, sometimes alone, but more generally as additions to the oak-bark : 
—Sumach, from the bark of lihuit adinus or It hus coriari a ; catechu, or Terra Japo- 
nioa^ chiefly from various species of Acaaa (i. 816); dividivi, the crushed pods of 
Casalpinia ooriaria\ mimosa, from the bark and poils of various kinds of Prosopis^ a 
genus of leguminous plants; valonia, tlie acorn of the great prickly-cupped oak 
{Qmreus Mgilops ) ; and nut-galls. 

2. Alum and c&mynon salt, in the process called tawing, which is applied chiefly 
to the lighter kinds of skin, namely these of sheep, goats, and calves. 

• ThU bolting point cUffi*r!i from that of plumbotpirethyl (aliout by 90®, or 22*6® for a difference of 

Cll* ill the formtiltr, wherraa the boiling |>oint r f |>iuii)b<)ietramethyl found by CHhours, via. tr:o^, diffprs 
from 2C0 by only 40®, or by 10® for eath difference of CH* in the formul*. Now on comparing the dif- 
fbrenceaof boiling points in the corresponding methyl- and ethyl-compounds of phosphorus, arsenic, anti- 
mony, and tin, It is found that the diffrrence always amounts to 2U® nr upwards for each molecule of CH* 
added to the compound. The boiling point of piiiroliotctramethyl found by Butileiosr is therefore more 
In accordance with analogy than that dctcmiincd by Cahours. 


LECANORIC ACID. 


m 

S. for the «f>reD^tiou of chnniois, shamoy, or wash-leather, which is 
prepared from the skins of the goat, doo, or chamois, and is a soft, spongy leather, 
capable of washing. 

4. ZrfVnr, for parchment, which is prepared from calf or sheep skins, and for the 
stronger kinds, from asses* or pig’s skin. 

For the details of all these processes we must refer to f/rc’s Dictionary of Arts^ ijt?, 
(ii. 674 — 686 ), and the Handw6rt(Tbuch der Chemie (iv. 792 — 810). ’ 

MOAiromZO ACXB. C'«II'<0’? I^camrin, a-Orsellio acid. (Schunck. 
Ann. Ch. Pharm. xli. 167 ; liv. 261 ; Ixi. 72. — Ilochlodor and Hcldt, ihid^ Uviii. 1. 
— Stenhouse, ibid. Ixviii. 61; Ixx. 218. — 8trecker, ibid. Ixviii. IS.—Laurent 
and Oerhardt, Ann. Ch. Phys. [3], xxiv 316.— Robiquet, Ann. Ch. Phys. xlii, 
236 ; Gm. xii. 377.) — This substance, which was discovered by Schunck in 1842, is 
extracted from several lichens belonging to the genera Lccanora and rariohria. The 
lichens, in the state of lino powder, are exhaust e<l with etlier in a |.>t*roolator, and, on 
evaporating the ether, a residue is obtaiiunl wliich is to bo washed with ether on a 
largo funnel till it is colourless, then exhausted with water, and crystallised frrom 
alcohol (Schunck). Rochloder and Ileldt exhaust the liclien {Kvtrnia ^mmastri) 
with a mixture of ammonia and alcohol, dilute the alcohol witlj a tliird of its volume 
of water, and saturate with acetic acid. Lecaiujric acid th(*n sepuraN's in grey docks, 
which are washed, dried at lOO'^, dissolved in a small quantity of boiling absolute 
alcohol, and purified by rwrystallisation. 

Stenhouse macerates the lichen {UocctUa tinctoria) willi water mixed with slaked 
lime, precipitates the filtered liquid with hydrochloric acid; waslu's and <lries tlio 
gelatinous precipitate, and digests it, wlion nearly dry, with absolute alcohol, taking 
care not to boil the liquid, which, on cooling, de|H>Kits the acid in crystals. 

l/ccanoric acid crystallises in colourless stellate ihh dies, sparingly soluble in cold 
and in cold o/coAo/; moderately soluble in boiling alcohol, soluble in and 
'm acetio acid. According to Schunck, 1 pt. of lecanoric mud nquires for solutiou 
2,600 pts. of boiling water, 160 pts, of alcohol of 80 per cent, at 16^; 616 jtts. of 
V>oiling alcohol, and 80 pts. ether at 16*6®. The solution reddens litmus. The crys- 
tallisinl acid does not lose weight at 100®. 

Lecanoric acid gives by analysis 69*46 to 60*59 carbon, and 4*10 to 6*00 hydrog(’n, 
whence Stenhouse deduced the formula C'“il"‘Oh which Oerhardt altered to 
(60*37 percent. C, 4*40 if, and 36*23). This latter formula readily explains 
the conversion of lecanoric into orsellic acid {ivfra). 

Ixcanoric acid yields by dry distillation, a viscid oil, together with orcin. It dis- 
solves readily at ordinary temperatures in lime-wati r or biiryta-watt*r, and is precipi- 
tated theiY'from by acids in the form of a jelly, and without alteration; but if me 
saturated solution be boiled, the lecanorato of barium or calcium changes into the much 
more soluble orsdlinatc. If the ebullition bo prolonged, carbonate of barium or calcium 
is precipitated, and orcin remains in solution: 

+ H’O = 2C»H*0* « 2CO’ + 2Cni‘0». 

Lieainoric OrtelUnic Oiclti. 

aclU. acid. 

A solution of lecanoric acid in aqueous ammonia acquires by exposure to fho air a 
fine purple colour, due to the formation of orcein. Jn contact with hypochlorite of 
calcium^ lecanoric acid immediately assumes a red tint, quickly changing to brown and 
yellow. Tho acid heated with sw/pAurfcacit/, is gradually converted into orcin. Roiling 
nitric acid converts it into oxalic acid. Roiling act tic acid dissolves it readily, and 
deposits it in small needles on cooling. Ry boiling with alcohol^ it is converted into 
orsellate of ethyl. The same change is pr<j<luced by pussing hydr(K*ldoric acid gas into 
a solntion of lecanoric acid in absolute (dcohol, saturatwl at the bf)iling heat. 

The ammoniacal solution of lecanoric acid forms white precipitates with 'basic 
acetaU of lead and nitrate of silwr ; but the silver precipitate is quickly reduced. The 
alcoholic solution gradually produces, with an alcoholic solution of acetate of copyper^ a 
light apple-green precipitate. It does not precipitate the alcoholic solutions of neutral 
acetate of lead, mercuric chloride, chloride of gold or nitruU* of silver. A few drops of 
ferric chloride impart to it a deep puqdo colour. ^ ^ 

The locanorates gradually decompose, especially when heated, yielding orwllinic 
arid, and ultimately orcin. The harium^ealt, C'‘Ii'»Ra(), is obtained by dissolving the 
acid in cold baryta-water, passing carbonic acid into the liquid, and tn^ating the pre- 
ripitatewith alcohol, which diswdves the lecanorato of barium, and defsisitsit insmall 
alellate needles. According to Stenbousc’s analysis, it contains 49 27 fa r cent. C, 

3 81 H, and 19*49 baryta; the formula r^uires 49 87 C, 3 37 H, and 19 73 baryta. 
The ealcium^alt is a gelatinous precipitate, slightly soluble in water alcohol, 
obtained by an ammoniacal solution of the acid with chloride of calcium* Tbo 
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hadrsalt is precipitate according to Rochleder and Heldt, on mking the boiling al- 
coholic solutions of Jftcanoric acid and acetate of lead ; the precipitate thus obtained 
probably consists for the most part of orsellinate. 

MCAMOlUCir. Syn. with Lbcanobic Acid. ' 

XiBCXTHZir. Goble/s Mati^revisquetise, \(3[oh\Qj^ J. Phamt [3] ix. 1 83 
161 ; xi. 409 ; xii. 5 ; xvii. 401 ; xviii. 107 ; xix. 406 ; xxi. 241 ; ttt 241 ; xxxiii.’ 
Iftl.) — ^Thb eggs and milt or Soft roe of the carp and herring, the yolk of poultry-eggs 
the brain of the domestic fowl, of man and of the sheep, venous blood, ox-bUe, and the 
fat bf the garden-snail, contain, together with cholesterin, olein and ma^arin, a 
viscous substi^nco which is decomposed by boiling ^vith acidulated water, yielding 
cerebrin; oleic acid, margaric acid and phosphogly ceric acid (ii. 8 9 1 ). Of these piwlucts, 
Gobloy regards the cerebrin as adventitious, the other three as resulting from the 
decomposition of a non-isolablo substjince, lecithin. The portion of pig’s bile solrfble 
in alcohol and not precipitablo by ether contains, besides cholesterin and ordinary fats 
a phosphoretted fat corresponding with Gobley’s lecithin, and resolvable by boiling 
with bai 7 ta-water into phosphoglycerato of barium and insoluble barium-salts 
(.St rocker, Ann. Ch. Pharm. cxxiii. 356). A constituent of yolk of egg, resembling 
ear-wax, described by Kod woiss (Ann. Pharm. lix. 261), agrees also in properties with 
the substance described by Gobh'y. 

When carps’ eggs are exhausted with ether or. boiling alcohol, and the solution is 
evaponited, there remains a reddish-yellow soft mass, which W'hen redissolved in boiling 
alcohol, leaves a small quantity of oil, and sepamtes again as a viscous mass on cooling. 
It may also bo obtained in the same manner, but less pure, from yolk of egg (ii. 361). - 
When the comminuted and partially dried milt of the carp is shaken up with ether, 
the ether takes up the greater part of the viscous matter, and the r(‘St may be obtained by 
repeated boiling with alcohol. On evaporating the alcoholic solution, transferring the 
viscous matt* r contained in the residue to ether by agitation tluTowith, and evaporating 
the ether, the yi.scous mutter is obtained free from the salts taken up by the alcohol, 
which remain in the lower watery layer of liquid. * 

The viscous matter is colourless, or has merely a faint yellow or orange tint ; it is 
soft, neutml, and has for the most part the odour of the material from which it has been 
pnqmred. It is frequently contaminated with earthy pliosphatcs and albumin. 
It swells up when heated^ chara without molting, gives off ammoniacal vapours, and 
leaves an acid carbonaceous- residue containing phosplioric acid. When exposed to (In* 
air, it does not turn acid, and afterwards yields tlio same decomposition-pro<lucts ns 
that which has been prepared without exposure to the air. When shaken up with 
water, it forms an emulsion which does not become sour or exhibit the presence of 
phosphoglyceric acid, even after 12 hours’ boiling, but on boiling it with water contain- 
ing sulphuric or hydroehloric acid, oleic and margaric acids arc formed, which rise to 
tlie surface as an oil, and phosphoglyceric acid, which remains dis.solved in tln‘ water. 
Addition of alcohol accelenites this decomposition, which, in viscous matter from yolk 
of <‘gg, Ukes place at the more heat of the water-bgtb, but in that derived from other 
sources, not till after half an hour’s actual boiling. The oxygen of the air has no 
influence on the decomposition. Besides the products above mentioned, there are 
obtained cerebrin, and sometimes also cholesterin, olein and margarin, which however 
are regarded by Gobley as accidental admixtures.— Aqueous alkalis ami alkaline car- 
Imiatcs at the boiling heat produce the same decomposition as the mineral acids. Wlnm 
the viscous matter of yolk of egg is shaken up with water containing potash and heated 
in the water-bath, acetic acid 8ep)arate8 oleic and margaric acids from it; with the viscous 
matter of the brain or from any other source, boiling jlrith alcoholic potash is necessary 
to effect the decomposition. Carl)onate of potas 8 iu(|r;al 80 does not decompose the 
viscous matter merely at the heat of the water- bath, but only on actual boiling.— Six 
hours’ boiling with acetic (lactic or tartaric) acid does not pnxluce any decomposition, 
12 hours’ boiling only an imperfect decomposition of the viscous matter; but by 24 
hours’ boiling, it is completely decomposed, with formation of phosphoric acid and 
glycerine. (Gobley.) 

From the emulsion formed by wo/cr, which froths like soap (Gobley), it is precipi- 
tated by common salt (Kodweiss.) 

The vm*ous matter dissolves sparingly in cold, easily in boiling alcohol; it is also 
soluble in (Gobley.) 

UCOVTXTB. This name is given by W. H. Taylor (Sill. Am. J. [2]. xxvi. 
273 ) to an alkaline sulphate, found by Be Conte in the cavern of Las Piearas, near 
Comayagna in Honduras, and probably formed from tlie excrements of bats, which 
frequent the cavern in large numbers. The mineral, when freed from adhering organic 
matter, is colourless, permanent in the air, and has a saline, bitter taste. It 
forms prismatic crystals, which, according to Dana, are trimetric combinations^ 
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oP.ODP.»f2.i^.oo!»QO. Angle ooP : ooP « IO 30 12'; : oafcl •• U«®5 

Ipoo; ^ poo over the principal axis ■» 127® 30' to^l‘28®. Hiknlness 2 to 2*5. 
According to Tavlor’j? analysis, it coniaiiis 12 94 per cent (NH‘)’'0, 2 67 K*0, 17*55 
Na*0, 44*97 SO*, 19*46 water, 2*30 organic ^idue, and a trace of phosphoric acid, 
agreeing with the formula M*S0MI*0, 

^Tbe^rm of this substance agroi^s essentially with that assigned by Mitsoherlioh 
(Pogg. Anm IviiL 469) to the salt SO*. 211*0. (Jahresber. 1^68, p. 729.) 

A mineral from Capo Blomidon, Nova Scotia, having the fbrm 
of gmelinite (ii. 924) and the same formula, but with only one-third tjhe amount of 
water. Specific gravity « 2*169. Analysis by Hayes (Sill. Ain. J. [2], jtxy, 78): 
49*47 per cent SiO*, 21*48 A1*0», 11*48 CaO, 3*94 ’Na*0, 0*14 FeO, 3*44 P*0*, md 
8*58rwater( = 98*67). 

uss&rrii. Syu. with SriiF.NK. 

X.SDXTAmriC ACXD. CTP^O*'? (K. Willigk, Ann. Ch. Pharm. Ixxiv. 
363. — Rciclileder and Schwartz, iMd. 3<;6.)— A variety of tannic add, obtained 
from the leaves of the marsh wild rosemary {Lnium pafHsfn ). It is prenan'd by pre- 
cipitating the alcoholic decoction of the lrav<‘S VI th water, after distilling off the alcohol ; 
precipitating the filtrate witli neutral acetati' of leml ; dissolving the pri'clpitato in 
dilute acetic acid ; filtering again, precipitating the filtrate at t lie boiling heat with 
basic acetate of lead ; decomposing the precipitate under water with sulphydric acid: 
and evaporating the filtrate in a stream ol carbonic anliyilride (Rocli led er ana 
Schwartz). Leditannic acid then remains as a nnldish inodorous T>owder, easily 
soluble in water and in alcohol. The aqueous solution is coloure<l (lark-green by 
ferric chloride, and forms yellow precipitates with acetate of lead ami stannic 
chloride. 

ZtBSXSLAJfTBXir. A yellow or red pulverulent substance, produced by boiling 
aqueous leditannic acid with sulphuric or hydrochloric acid. A(*cording to Willigk, it 
contains and is thcrefor(^ produced from leditannic acid hy elimination of 

water: — 3H*0 = 4C’H®0*. It dis8olv(*8 easily in alkalis, and when dis- 

8oIv<h 1 in alcohol, forms a red-brow'n preeijiitate with an alcoholic solution of neutral 
acetate of load. By dry distillation, it yields an oil and crystals of pyrocatochin. 
(Willigk.) 

XiSBUIII, OXB OP. The statements of different observers respecting this oil, 
which is obtained by distilling the leaves of hdum jialusire^ or tho entire plant 
at flowering time, with water, exhibit considerable diversities. According to Willigk 
(Wien. Akad. Ber. ix. 302), it consists for tho most jiart of a hydnicarbon isomeric 
with oil of turpentine, and of an oxygenated oil, C'*®H'**0*. According to Grass- 
man n (Report,. Phnrm. Xxxviii. 63), it consists of 1 pt. volatile oil and 2 pts. camphor 
or stearoptene, which may be separated by slow distillation, the volatile oil passing 
over first. The campljor forms colourless, slender, tran.^parent prisms, which molt at 
a gentle heat, and suldimo at a stronger heat, diffusing a pungent odour, which pro- 
duees lieiul-ache and giddiness. The camphor consists, according to Buchner 
(J. Pharm. [3] xxix. 318), of a hydrocarlxjji isomeric with oil of turpentine, and a 
hydrate of that hydrocarl>on, •= 6(’'*ll"'.3ll''0. It is nearly insoluble in 

watt^r, dissolves easily in hydrochloric acid, less in acetic acid, and is ijuite insolnbJa 
in aqueous ammonia, but dissolves readily in alcohol and ether. (Buehner.) 

According to Ah. Frohde (J. pr. Chem. Ixxxii. 181), tlio oil obtained fr»mi the plant 
by distillation is roddish-yellow, has an acid reaction, sinells like tho flow'cring plant, 
i.H slightly soluble in water, easily in alcohol and ether, and does not deposit any S(jli(l 
Camphor, even when cooled to a very low temperature. When healed witli st^rong 
lK>fash-ley, it gives up to the alkali, besides sinall quantities of acetic, butyric, and 
valerianic acids, an oi^ acid, having tho penetrative ouonr of the plant, and consisting 
probably of C"H‘®0*, a formula closely rt*laU*d to that of ericinone, C^IPO* (it. 600), 
which substance likewise exists in the plant. Tho portion of the oil which dot's not 
unite with potash, yields, by rectification in a stream of hydrogen, a portion iKu’ling at 
160® and isomeric with oil of turi>entine, while between 240® and 242® an oxygenated 
oil passes over, having the composition of ericinol, C**H’*0. 

BBZ1I8XTX. A mineral found near LcchIs in Yorkshire, containing, according to 
Thomson's analysis, 71*9 p<*r cent, sulphate of calcium and 28*1 sulphate of barium. 
It appears to be merely a mechanical mixture of the two. (liana, ii. 607.) 

bulbs of this plant yield 0*46, the stems 0*84 per cent ash, contain^ 
ing, according to T. Richardson (Ann. Ch, Pbarm. Uvii., Aiipendix to Part 3); 

Von. m. 0 0 




LEELITE^LISGJJMIN; : 


K»0 1C»»0 CtO MgO S0> SIO* 

Bulb . 32-3S 8-04 12 88 270 8-34 3 04 
Stem . 13-98 14-43 2810 tnu^ I8-S0 19-77 


ferric 

P*0* pboaphite, N»Ct 
16 09 13-29 4-49 m loooo 

. • 10-06 trace m 99*34 


UB&m. Sjn. with Hbllbflinta (p. 141). 

UOirMXll, or Vegetable Casein, was discovered by Einhof ipl 1805, and was 
called by him iiaito-animale (N. allgem. J. d. Ch. v. A. Gehlen, vi. 126, 648). He 
found it in peas, l^ans. and lentils. A similar nitrogenised substance, extracted from 
sweet and bitter almonds and termed amandin, has been investigated by Proust, 
H. Yogel, Boullay, and others, who considered the substance in question to be 
identicfu with animal casein. Braconnot, and afterwards Liebig, have arrived at 
the same result ; they find, indeed, that legumin and casein are perfectly identical 
in composition and properties. Dumas and Cahours on the other hand, always^ob- 
tained a substance containing loss carbon and more nitrogen than casein, and pos- 
sessing somewhat different properties. Their analyses agree very closely with one 
another, but it is highly probable that the substance analysed contained some foreign 
body, perhaps arising from the partial decomposition of legumin. It is also not un- 
likely that legumin prepared by the ordinary methods is not a homogeneous substance. 

Preparation. — Dumas and Cahours employ the following method for the preparation 
of legumin, the most advantageous source of which are peas or sweet almonds : — The 
bruised substance is digested for two or three hours with tepid water ; the product is 
tlien crushed in a mortar so as to form a pulp ; and to this is added about its own 
weight of cold water. After the whole has been macerated for an hour, it is thrown 
on a cloth and pressed, and the liquid portion on standing deposits a certain quantity 
of starch. The solution is now clarified by filtration, and acetic acid, diluted with 
8 or 10 times its weight of water, is gradually added. Immediately on the ad^don of 
the acid, a perfectly white flocculent precipitate is formed, which may be easily collected 
on a filter and washed with water. Care must be taken to avoid an excess of acetic 
acid, in which legumin is rtmdily soluble. The legumin is then washed with alcohol, 
dried, pulverised, and digested with ether, which removes all fatty matters. The 
product is again dried in vacuo at 140° (Gerhardt, TraiU, iv. 491). Haricot-beans 
cannot well be substituted for the above substance, since they contain a gummy 
matter which renders the filtration and washing exceedingly tedious. According 
to Lbwenberg, the product, obtained as above, is a mixture of legumin and albumin, 
and after it has been washed with boiling water, contains a decomposition-product 
of legumin, mixed with albumin. The separation of these two substances may bC 
effected by dissolnng the mixture in ammonia, evaporating off the excess of ammonia, 
adding chloride of sodium, boiling, filtering, and precipitating the filtrate with acetic 
acid. The precipitate is washed first with cold water, then with boiling alcohol and 
ether. The infusion of peas and almonds also contains a third body, which is preci- 
pitated by acetic acid ; it is insoluble in excess of the acid, but soluble in pure water. 
The ammoniacal solution is partly precipitated by boiling with chloride of sodium after 
evaporating the excess of alkali. 

Rochleder purifies legumin, prepared by the first method, by treating it with con- 
centrated potash, which readily dissolves the legumin, and leaves a flocculent residue 
of another substance. The solution is allowed to stand, decanted, then filtered and 
precipitated by acetic acid. The well-washed precipitate is dissolved in ammonia, 
filtered again, and reprecipitated by acetic acid. 

Properties. — The solution of legumin does not coagulate by ebullition ; but when 
evaporated, becomes covered with a pellicle, like milk (Liebig). Purified legumin is 
ihsoluble in cold water ; with boiling water it yield^,^product richer in carbon, soluble 
in water and insoluble in acetic acid, together with 4 l4ss carbonised body, insoluble in 
water (L6 wen berg). The body analysed by Dumas and Cahours had the following 
properties : — Wlien precipitated worn a concentrated solution by weak acetic add, it 
always presented a nacreous and iridescent appearance ; from a weak solution it is 
deposited in fiakes. It is insoluble in cold alcohol and ether ; also in boiling water 
and in weak boiling alcohol. It dissolves largely, however, in cold water, ana when 
the liquid is heated almost to boiling, it coagulates, and gives a precipitate of cohering 
flakes very like coagulated albumin (Gerh. iv. 493). Gerhardt thinks that Liebig may 
have experimented with the aqueous extract of legumin obtained directly from peas, &c., 
which probably contains that substance in combinaticn with alkali, forming an inco- 
agulable solution like the alkaline albuminates. The fresh aqueous extract of the fruit 
of the leguminossB is always neutral ; the legumin precipitated therefrom by an add 
alwavs r^dens litmus, even after prolonged washing. When this solution is left to 
itself, it coagulates in 24 hours, at a temperature of 15 or 20° C., yielding a gelatinous 
prodpitate like the coagulum of milk. The mother-liquor is dedde£y add, and 
appears to contain lactic acid. (Liebig.) 
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In tii» Mowing aniifyses the ash Is dedneted 


Carbon • 

Hrdrogen 
- Kitro^ . 

Sulphur • 

Oxygen • . 

Purified legomin sometimos contains as much as 7*1 cent, ash (Kochleder). 
The ash is perfectly white, has an alkaline reaction, ana contains a lai^ quantHjTof 
potash, partly in combination with phosphoric acid. The insoluble portion of the ash 
18 composed of phosphate of calcium and magnesium, as well as a little phosphate of 
iron! (Liebig.) 

V6lcker(I^p. Brit. Assoc, 1857, pr. 60 ; J. p. Chem. Ixxv. 320) found in legumin 
prepared from peas and beans, the following p^'ccenhige of ash, phosphorus, and 
sulphur : 


Legumin. 

From green peM 

The same, precipitated with a small quantity of ac(*tic acid 
The same, precipitated with excess of acetic a<‘id 

From white p^ 

From white French beans 


Ath. 

MOO 


M5 

0-71 


Phot, 
phoruf. 
1-383 
1-880 
2 180 
1-520 
1*780 


Sill- 

phur. 

0*870, 

0-571 

0851' 

0*590 


Norton (Pharm. Centr. 1847, p. 466 ; 1848, p. 240) also found in legumin proparwV 
from peas, sweet almonds, and oats, from 0*8 to 2-3 per cent, phosphorus. The large 
amount of phosphorus found by Volcker and Norton reiuh>i*s it pn^bable that legumin 
contains, or is assooiatod with, a compound of phosphoric acid, perhaps phosph(»glyceric 
acid. 

Decompositiont. — When legumin is subjected to dry distillation, it swells, yields a 
yellowish distillate containing cjirbonate, sulphide, and acetate of ammonium, and 
leaves a residue of shining charcoal. (Braconnot.) 

Legumin distilled with acid chromate of jwlaasiiun and dilute iulphuric acid yieliL 
an acid liquid which smells of prussic acid an<l bitter almond oil, contains a consi- 
ilerable quantity of prussic acid, with a small r|uantity of formic acid, but does not give 
the r(*action8 of the aldehydes with potjish or with nitrate of silver. When iwt ified over 
mercuric oxide, the first jwrtion of the distillate exhibited a more aromatic an«l ethe- 
n-al otlour than the original liquid ; the second portion, which was coveretl with a tbiii 
layer of oil, contained benzoic acid (4 i*ts. to 1,000 of legumin) valerianic, butyric, pro- 
pionic, acetic, caproic, and probably also caprylie aeid (Krohde, .1. pr. ('hem. Ixxyii. 
200). In a second scries of experiments, Friihcbi found among the prcxliicts of oxi<latioii 
of legumin, valeronitrile, acetonitrile (not distinctly recognised), and a third nitrile, 
probably propionitrile. 

All acids coagulate the solution of legumin; the precipitates redissolvo in excess of 
the acid. 

When legumin is boiled with dilute sulvhuric acid, leucine is form(*d. Dry legumin 
satumbd vf 'ilh concentrated sulphuric acid dissolves slowly and forms a brown solution, 
but no glycocine is produced. 

Concentrated nitric acid dissolves dry legumin, -with involution of nitrous fumes. 

Itilute hydrochl’Oric octVf precipitates legumin like acetic acid. Ihe w>ncentrated 
acid dissolves it with the chaimclerislic blue tint. .... 

When gelatinous legumin is plai*ed in cM)ntai‘t with concentrated acetic acid it alisorbs 
the acid, and swells, becoming semitranKp:ir<*nt. Tlie p^dnet is eijmplefelv soluble 
in boiling water. A gummy residue of legumin, soluble in wafer, is ohUiim^l on eva- 
poration. A solution of legumin is iTrirnwliat^ ly precipifatixl by dilute »u*etic acid, and 


poration. A solution of legumin i . . . . . 

the precipitate is redissolved by an excess of the acid, forming a peri 
This is reprecipitated by ailding ammonia; the procipitati* dissolvef! 
acid (Dumas and Cahours). Liebig found legumin insoluble in weak acetic acid r 
I>iweiil>erg*s legumin, whicl^ is insoluble in water, dissolves in an excess of acetic acid. 

Solution of legumin is precipitatoil by tribasic phosphoric acid, also by oxalic, iar^ 
taric, malic, citric acids; the i>recipitates are readily soluble in excess of acicL 
liegumin is dissolved in the cold by p<dash, sodxi, and amnumia. Heated with fixed, 
alkali, it evolves ammonia, and sulphide of ammonium is formed in tJie solution. 

• The earbon mhI nttrogen In the other snsiytes of MM. Duma* and Cahotirf fall brtwnwi thoM two 
analjrtot. 

t llie suUunw ammonia, predpitatad bf acetic add, and exhausted hf boUtaf 

alcobol and ether. 

I Funded bjr Ldvenberg’s protest. 
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"Baryia and lim fom lwflluble^compounda^ legumin, as with caseiti. like dasein, 
solution of legumin precipitates many ewthy and metallic salts, but does not preeipi- 
tale sulphate of magnesium, or th^v^tate, or other salts ef calcium in the cold; on 
applying a slight heat, the liquid rapidly coagulates. Braconnot attributes the harden- 
ing of vegetables cooked in selenitic waters td the formation of these lime-compounds. 

A concentrated solution of legumin, *to which rennet has been addfd^ does not begin 
to opagulat^ for several hours; after 24 hours all the legumin is precipitated. The 
co^puklDn does not appear from this to be due to the ftree acid contained in the rennet 
(ftum^ and C ah ours). Putrefying legumin acts as a powerful formOttt. 

im beans, peas, lentils, &c., contain, on an average, about 26 per cent, of nitro- 
genised matter (le^min, albumin, &c.), and are the most nutritive of vegetables. At 
the same time, they are deficient in starch and fat. They are not pnerally a very 
wholesome food in large quantity, except for men eiyoying robust health and eng^ed 
in severe labour. Legumin appears to be much more indigestible than insoluble casein, 
as casein is far more indigestible than the fibrin of meat. C. R L. 

&BBMAinrZTS. Native chromate of lead (i. 934). 

liBBSBACBXTll. Selenide of mercury and lead from Tilkerode, near Lehrbach ; 
probably a mechanical mixture of the two selenides, inasmuch as specimens from dif- 
ferent parts of the same vein exhibits Very differeht proportions of lead and mercury 
(see p. 668). 

XiBBUBTXTXI. Syn. with Natbolite. 

XiBXnxlBl*B08T*B PBSBOMBBOB. This term is sometimes applied to the 
spheroidal state of liquids (p. 88), first observed by Leidenfrost. 

BBMWA. Duckweed . — Plants of this genus are very rich in inorganic substances, 
and have accordingly been recommended for use as manure. In a specimen of Lemna 
minor growing in tlie river Eure, in France, Horv6 Mangon (Instit. 1861, p. 107) 
found : 

(Jombuatlble matter Phosphoric Other mineral 

(without nitrogen). Nitrogen. Silica. IJmC. acid. constituents, 

61-1 3-6 6*7 8*2 1*1 19*3 = 100 


Liebig (Ann. Ch. Pharm. cv. 109) obtained tvom Lemna trUxdca growing in a marsh, 
16’6 per cent, ash, and from a litre of the surrounding water 0'415 grm. of saline 
residue. lOO pts. of the slightly ignited plant-ash, a, and of the saline residue of the 
water, 6, contained : 



CaO 

MgO 

NhCI 

KCl 

K20 

Na20 

Fe*05* 

P*0» 

SO’ 

SIO* 

a. 

16*82 

6*08 

6*90 

1*46 

13*16 


7*36 

8*73 

6*09 

12*85 

b. 

36*00 

12*26 

10 10 


3*97 

0*47 

0*72 

2*62 

8*27 

3*34 


BBMBXAB SABTB* Sphragide . — The hni^vla o^peryis of the Greeks. A 
yellowish-grey earth or clay frequently marbled with rusty spots. Dull. Fracture 
fine earthy. Meagre to the touch. Adheres slightly to the tongue. When plunged 
in water it falls to pieces, with disengagement of air-bubbles. Its constituents 
are, 66 silica, 11-6 alumina, 0*26 magnesia, 0-26 lime, 3’6 soda, 6 oxide of iron, 8 6 
water (Klaproth). It has hitherto been found only in the Island of Stalimene 
(ancient Lemnos). It is reckoned a medicine in Turkey ; and is dug up only once a 
year, with religious solemnities, cut into spindle-shaped pieces, and stamped with a 
seal.* In ancient times it was esteemed an antidote to poison and the plague. U. 

XiBlMEOir. See Citrus (i. 1003). 

XiBBTTXB* Ervuni Lens. The air-dried seed ^ this legutninous pla&t contain^, 
according toKrocken (Ann, Ch. Pharm. Iviii. 2^ from 34 to 36 per cent starch. 
Horsford (ibid, 199) found in 100 pts. of the seed, 30*4 pts. of non-aaotised matter, 
to 2-6 ash and 13 0 water. 

P oggi ale (J. Pharm. [3]. xxx. 180, 266), and Frosenius found in 100 pts. of 
|iit>4ned lentils, the following constituents : 

CelluloM. 

Gum. Sugar. Legumin. Fat. Pectin. &c. Ash. Water. 

. 44 • • 29 0 1*6 7*7 2*4 16*4 Poggiale. 

70 1*6 26-0 2*5 12*0 2*3 14*0 Frosenhis. 

found in lentil-seeds from Worms 2*06 per cent, ash of the composition given 

fjelow, _ . , V . . 

The straw of lentils contains 0*01 per cent nitrogen (Boussingault); the air- 
dried straw contains 27 per cent water and 34 per cent, substances soluble in dilute 
alkaline ley, 67 per cent, woody fibre, and 3 9 per cent ash, having the following 
eompoaitibn ; 

• With tracot of alumina. 


LERZINIigE— LEPARGYLIC A.CID. 


Compo8itio%rf^ 



deed. 

Straw. 


Seed. 

Straw. 

Pota^ • • 

. 34*6 

10-8 

Silicsi^ . 

. 1*3 

176 

Soda • • 

.. 9*6 


Phosphoric acid 

. 36*2 

12*3 

Lime 

. 6*3 

62'3 

Sulphuric acid 

. . . 

1*0 

Oxide of mupganese 

. 2*5 

3*0 

Chloride of podium 

. 7*6 

2*1. 

Ferric oxide • • 

. 2*0 

0-9 





According, to Schwarz, a hectare of ground yields about 1,360 kilograflMnIe of 
seed and 3,700 kilogrammes of straw ; the ft)rmer, tliert^fore, containing 'llO, the Wtter 
144 , and the whole, 174 kilogrammes of mineral constituents (Handb. d. Ch^. ii«^ 
[3] 832). 

]LBVXZirXTlL A variety of kaolin from the pegniatit«' of Vilute near 
Clianteloupe (Haute Vienne*), of a clear brown colour, tender, but not plastic. 
Before the blowpijMS it becomes reddish, but d«>es not ftisc. It is decomposed by hot 
sulphuric acid. Contains, according to Salvt'tat (Ann. Ch. Phys. (3] xxxi. 102), 
36‘36 per cent silica, 36 00 alumina, l'9o ferric oxide, and 21-50 water (agreeing 
nearly with the formula 2Al*0*.3Si()^.3H*0), brsitU's 0 18 magnesia, 0-50 alkalis, 
2-0 gelatinous silica, and 1-64 quartz (*=101-62). 

UOWBA&BXTS. A hydrated silicate of ealeium and aluminium, occurring at 
Rclieinnitx in Hungary, and at Copp<‘r Falls, Lake Superior, in mouoclinic crystals, in 
which ooP : ooP =. 83° 30' and 96"^ 30' ; oP ; ooP 111°. Cleavage parallel to a. P, 
very perfect ; basal imperfect. Also columnar and granular. Hardness =» 3 to 3-5. 
Spwitic gravity » 2 25. Lustre on eleavage-faees pearly ; elsewliore vitr«'«uis. 
Colour white, sometimes yellowish, seldom brownish. Subtranslueent. It usually 
whitens on exposure, like laumontite ; but the variety from Lake Superior does not. 
Before the blowpipe it exfoliates, froths, and easily melts to an enameL It dissolves 


HCIUS. 

Ia “ on hard ite from Schemnitz has been analysed by I)< Iffs and v. Babo (Pogg. Ann. 


lix. 336, 339), that from Coi*per Fti 

ills by Barnes (Sill. Am. J 

.Schcmnltr. 

. [2] XV. 440) 
CO|)|HT 
F.illi. 

Silica . 

. 54*02 

55*00 

55-50 

Alumina 

. 22-49 

21-36 

21*69 

Lime 

. 9-05 

10-50 

10*56 

Water . 

. 13-54 

Kro-oo* 

12 -30 

i0216 

11*93 

99-68* 


The analyses do not [igroo well together. The Hrst analysis of the Hungarian miinv 
ral agrees approximately with tlm formula (3Ca0.4Si(>^).4(Al'^0’'.3Si0'‘) + 15IIH), 
which, however, is improbaldc; that, of the Anieriean mineral may bo nmresentod by 
the much simpler formula (Ca().8ifP).(AP()*,3.Si()*) + 311^0, or 2(’aAr'.SiH)".3lf'‘'(), 
which is that of a mctasiliciito, and differs from the formula of laumontite (p. 472) 
only in the amount of water. According to Bnsjko and IVfillrr, leonhardite ngreos ig 
form also witli laumontite. Dclffs found in the mineral 13-55 to 13 81 jmt cent, water; 
it gave off 11*64 per cent, at 1(K)°. According to Konngott, Icfnihanliti* is identical 
with caporcianito. (Dana, ii. 308; Ilammolshorg, Mineralchcmic, p. 800.) 

UOPABBXTB, A 8 pott 4 >d fclspathic rock, occurring at Charlotte, Meeklon- 
burgli (bounty, and in the Steele Mine, Montgomery County, North Carolina, and re- 
er>gni8od by Genth (Sill. Am. J. [2] xxxiii. 197), as a true p)rphyry, sp<Ated with 
iron- and mangjincso-compainds. The crypto-cryhtallino felh|>athic base is inU;r- 
sp(^r8od with small crystals of orthwlasc and quartz. Analysis gave ; 

by 

8IO» APO’ Fr^O* MgO C;iO Nji*0 K*0 tK»0tOM. , 

76*92 14*47 0-88 0*09 0 tt2 4 98 4 01 0*64 « 100*00 


agreeing very nearly with the composition of Bunw-n’s normal trachytic subetance* 
UBPAMCm. A volatile base containing the elements of 1 at, diamylftlllilNl ind 
I at. lepidine ; C‘«H"N.C*«H*N » C»’H”N^ prwlucod by the action of Made of 
amyl on lepidine (p. 673). ‘ 

XdBPAJUUTXZO ACZB. Syn. with Anciioic acid (i. 289), Arppe hM 
shown (Ann. Ch. Pharm. exxiv. 8G) thiit Diurent’a yicr/nic acid (\. 477) has 
roniposition as lepargylic or anchoic acid; it aiqK^ars, however, to differ so mneh Mn 
the latter in melting point, solubility, and the properties of H<^^tne of its salts, that th® 
two acids can scarcely be regarded as id«*ntical (which is Arppe’s view), but only OM 
^mcric. 0 •• -A 

Axelaic add is most easily obtained by healing castor*oil with 2 pU. of i||tne *001 


m LEPIDINE. k 

of «p«c^c gravity 1*2— 1*3, added by small portions, continuing the operation for 12 
. hours, then asparatin^^ the acid liquid from the remaining oil, adding fresh acid, and 
continuing the oxidation for another day. The acid liquid is then to be separated from 
the oil and added to the former pdrtion, the whole evaporated, with addition of water, 
and freed from oil, which then scpanitcs, by means of a tap-funnel. The clear acid 
solution duly concentrated yields a white granular mass, which, when freed from oxalic 
acid by wasning with cold and recrystallisation from warm water, and from other more 
soluble acids by melting the crystals, pulverising the fused mass, and treating the 
powder with water, leaves a mixture of azelaic and suberic acids ; and on treating this 
residue with cold ether, the azelaic acid is dissolved, while the suberic acid remains 
behind. The ethereal solution is evaporated, the residue is dissolved in hot water, and 
the solution, freed from any oil that may still remain, is evaporated to the crystallising 
point. — Azelaic acid is also obtained in a similar manner, together with several other 
acids, from almond-oil, spermaceti, and oleic acid (Arppe, Ann. Ch. Pharm. 

288; Jahresbor. 1861, p. 357). 

Azelaic acid, prepared as above, has the composition It crystallises on 

cooling from a moderately concentrated Jiqueous solution, sometimes in large lamin*, 
sometimes in lon^ flattened needles several inches Ibng; the crystals are transparent 
and colourless, with vitreous lustre, but of no determinate form. Prom a very dilute 
solution, it separates in smaller lamina^, which under the microscope exhibit several 
foms, viz. oblique rhombic prisms with acute angles of about 22°, square tables, and 
thin flattened prisms. It dissolves in 700 pts. water at 16° (lepargylic or anchoic 
acid, according to Buckton, in 217-4 pts. at 18°); it is more soluble in ether, and 
still more in alcohol. It melts at 106° (lepargylic acid at 114—116°, Buckton ; par- 
tially at 116°, completely at 124°, Wirz) ; and volatilises with partial decomposition at 
hij^her temperatures; the vapoiu-s excite coughing, but not so strongly as succinic 
acid. Heafrd with caustic baryta, it is resolved into carbonic anhydride and liydride 
of heptyl, together with small quantities of other hydrociirbons ; C*II'*0^ == 

2C0> + 0’H'‘'. (R. a Dale, Chem. Soc. J. xvii. 261.) 

The azolaates of the alkali- and alkaline-earth-metals are soluble in water, the 
calcium-salt being the least soluble; those of the heavy metals are insoluble.' •» They 
are all decomposed by dilute n?lrtc acid, with separation of crystalline azelaic acid. 
The neutral salts form with chloride of calcium a copious crysUUline precipitate, with 
ferric chloride a brick-red, and with cupric sulphate a bluc-groen pre^cipitate. 

Barium-salts, — The acid salt, C“‘II''®Ba"0", is obUiined by neutralising a hot solution 
of the acid with carbonate of barium. ( Buckton did not succeed in preparing an acid 
anchoato of barium.] — A warm concentrated solution of the acid neutr.ilis»‘d with 
hydrate of barium yields a granular precipitate of the salt 2C®H*^Ba"0^C'"H’“Ba"0“, 
which may be crysUillised fnmi water, but when washed with hot water is converted 
into the neutral salt, C"H‘*Ba"0*. 


The calcium- salt, C”II'^Cu"0^, is very sparingly soluble. The coppcr-salt, C®H'*Cu"OV 
is a bluo-greon precipitate; the lead-salt, C®lI*^Pb"0*, a white pnH’.ipitato. The 
C’*H'^Mg''0*.3H*0, is cfllorescont, and separates from solution in warm 
water by evaporation in crystalline crusts. The manganese-salt, C*H*^Mn"()\ is a 
white fusible precipitate ; the nickel-salt, \\n apple-green crystalline precipibito ; the 
silver-salt, C*I{'♦Ag*0^ a white powder. — The strontium-salt, 211^0, sepa- 

rates by evaponition from its warm aqueous solution in crystalline crusts, which when 
dried in the exsiccator, give oflf half their water, leaving granuh^r crystals containing 
C»n'«Sr"OMPO. (Arppe.) 

liBPXBXSrB. C'®H»N. (Or. Williams, Edinb. I^il. Trans, xxi. [3] 377 ; Gm. 
xiv. 103.) — A volatile organic base homologous Witj^ chinoline, and obtained, tc^ether 
with that base, and several others of the series, bj^istilling quinine or cinchonine 
with water and hydrate of potassium (i. 809). Tlie bastfs are first separated by 
fractional distillation, — the portion which distils above 199°, especially that between 
216° and 243°, consisting of chinoline and lepidine, the latter being found chiefly in the 
w>rt^n boiling above 270°, — and the separation is completed by fractional ciystal- 
nsatioii pf their j^latinum-salts. 

A luMin ifomenc, and originally supposed to be identical, with lepidine is contained 
in oil, and may be separated by collecting and rectifying the portion which 

j^8t^)betwcen 260° and 267°, and completing the purifleation bv fractional crystalli- 
the platinum-salt as above. This base, now called iridoline, is distinguished 
^ -^idine by its lower boiling point by certain differences in the characters of 
Ipme of ^hich crystallise less easily than the corresponding salts of lepidine, 
by the reaction of its amyWerivative with ammonia (p. 673). 

“ oily base resembling chinoline, of specific gravity 1-072 at 16°, 
A ; 266° and 271° (iridoline boils between 262° and 257°). Vapour- 
calc. 4-96. 



LEPIDINE. 


Lemdine is somewhat docomposod by boiling, jri«^lding pyrrhol and carbonate of 
ammonia. By iodvie of methyl, ethyl and amyl, it converted into iodi(]e of methyK 
ethyl- and amyl-lepidyl-ammonium (p. 673). 

^Ui lepidine and iridoline form crystallisablo mvlts; the iridolino-salto smell of 
naphthalene. The hydrochhrates of botli bivses, C‘®U*N.1101, form small colourless 
ne^les, which do not melt at 100°. They form, with chloride of cadmium, crystalline 
double Ults containing C'®H"N.HCl.Cd01* ; and with tetrachlorUlr of jUiitinum, the salt 
2 (C**H*N.HCl).PtCl\ which is insoluble in alcohol. The platinum-salt of iridoline 
crystallises less roatlily than that of lepidine. 

The nitrates, C‘®H’N.NO*, form hard prisms winch arc iH*rniancMU in the air, aud do 

not melt at 1 00®. , 

Aiid chromate of lepidine, 2C‘®H*N.HH).2tM)», crystallises in long golden-yellow 
needles which deccimpose at 100° when moist, but not when dry, and leave chromic 
oxide when ignited. — Acid chronuite of iridoline i.s an oily com^iound which does not 

crystallise. 

Deri V a t i v e s of L e p i d i n c. 


(C"H" 

Amyl-lepldlne. C‘‘II‘®N «N j The hydriodato of tliis base, or iodide of 

Rmyl-lepidyl-ammoniuni. is obtainiul by heating 

lepidine with iodide of amyl, in small ery.stals, slightly solubU^ in water, riiis • 
treated with potash or ammonia is converted into a sj)b‘ndiii blue coiniKiund (Or. Wil» 
liams), called iodide of pelamine ; the reaction is, 

2C«»H»’NI + KHO - C*’H*‘*Na + KI + U^O. 

Iodide of amyl- l.Mtldo of 

lepidyl-ammonlum. pelainlue. 


When treated with moist oxide of silver, it yields the base, and fnim this the other 
salts of pelamine may be obtained (see Pei.aminr). The crude distillate from cin- 
chonine tniated with iodide of amyl and potash yields a similar blm* compound (^knowii 
commerciaUy as chinoliru: bhu‘, or cyanine (i. 873), which consists mainly 
Pidamine, together with a small quantity of the homologous compound CMI N , 
dt'rived in a similar manner from chinoline. (Hofmann, Conipt. rend. Iv. 841 ; 
Proc. Roy. Soc. xii. 410). 

»l*«iyIUio.I«piaine or lepaiiUne. - C'"ir«N.C'”H-N, or porLai). 

(C'^H")" -N*. (Or. WilliaiiiH, Chi-ni. .Sor. J. xvi. 376.) When lypidiiio ih coUobalod 

with iodide of amyl, n brown Hynipy liquid in oW.-.ined. which solidifl™ ^ ™ 

cryataU on cooling. On rcjMn.tcdly boiling tl.m .,m»H w.th waUr th.. P“‘ t"' 

aolvea, yielding a solution of io<lidi' of ainyl-lcpK yl-animoinum. A consid. rab < «" 

however remaina undissolved, and this portion, if subj.-c ed to prolonged . .bn htion iii a 
retort with caustic alkalis, decompos.«. yielding a distillale coi.Histing of water and n 
oil. The latter dissolves for the most part in hydnichlonc aeid, and the ^lut ion 
evapomted to a moderate bulk, forms two layers, the ‘‘‘“I 

colourless oil, solidifying on cooling to a mass rcwmibling ptrsffiii, “ 

merely a saturated aqueous solution of the same aubslance. riie I’'*"**'"''*'*''’ "y 
chlorate, treated with alkalis and distille.1. yields 

which may be dried with sticks of potash, and 

tion. It bm a fragrant odour, and when perfectly dry distils at about 176 . apo 

C^-H-^^'dHCl. incite below ...tio, i. sparingly teluble in 
Mfip anri tnnat hfl Hriwi in A vacuuDi bcfoH* boiiig lu'Htcii ovcf thc water-buth. , 
cidonmlatitute.— On adding an excess of strong hyd^bloric acid te a 
the Uae^MM to obtain the hydroclilorate as an oil floating on the 
a conriderable excess of tetraciiloride of platinum, ai. lulheeive '7 
which mav be washed by agitation with cold water, dried over oil of vitnol: f(W a day 
« two^ SJeTovTlhl ^l^ter-bath. It is p«rfe.tly «,luble in alcohol, and baa the 

”lS:i!bT2SSlS .« . ~i.»» 

choool»te.colonred precipitate is formed, which quickly changes te bright graMt^l » 

soluble in alcohol, forming h green solution. .iwmi which (M 

Leptmine dissolved in strong m^ric acid yields a red solution, fWmi which ^ OIW^ 

tion, la red oil separates, probably a mtro-compouiid. „vrtimr fi ' * 

By heating lei^ine with irdide of ethyl in a H^leA tube, a ^ 

which when^disSled with potaeh, yields a volatile oily base, proUblJR 
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It diasolvea readily in hydrochloric acid, forming a ealt which is much more difficult 
to crystallise, than hydrochlorate of lepamine. 

Sth^l-lepidiiie. » C>‘»H»(C*H»)N.— The hydriodate of this base, or 

iodide of ethyldepidyl-ammonium, is obbiined by heating h pi- 

dine with iodide of ethyl, in brown needles, which after recrystallisation, exhibit a 
bcMUitiful canary-yellow colour, becoming transiently blood-red at 100®. Treated with 
moist oxide of silver, it yields the corresponding hydrate, which when treated with 
hydrochloric acid and tetrachloride of platinum, yields the platinum-salt, 2C*''‘jEi**NCl. 
PtCP, soft at first, but soon becoming crystalline. 

Metbyl-lepldine, C*’H‘*N = C'®H*(CH*)N. — The hydriodate, or iodide of methyl- 
lepidyl-ammoniuni, is obtained in crystals by heating lepidine with iodide of 

methyl. 

XSPZBOCROCXTB. NecdU Iron ore.--K hydrated ferric oxide of the stftne 
composition as gothite, hVOMl'-'O (ii. 940), occurring at Spring Mills, Montgomery 
County, Pennsylvania, in minute radiating crystals or granular scales, and feathery 
aggregations, imbedded in fibrous rod oxide of iron, and in nodules of chalcedony. 

liBBXBOXITlS. Lithia-mica, found at Rogena and Iglau in Moravia, in the 
island of Utbn, Sweden, and in other localities. (See Mica.) 

XBPXBOZVrSXAWE. A variety of mica, so called from its scaly structure and 
black colour ( X^wls and g/Aas), consisting, according to Sol tma mi's analysis (Pogg. 
Ann. 1. 664) of 37*40 silic^i, 11*60 alumina, 27*66 ferric oxide, 12*43 ferrous oxide, 
9*20 potivsh, 0*26 lime and magnesia, and 0 60 wat^‘r, corresponding with the formula 
(FeO; K’0).(APO*; Fe'-0’).2SiO*, which is reducible to that of an orthosilicato, 

The mineral forms crude masses of granular scaly stnicturo, consisting of small 
scales, sometimes exhibiting the form of six-sided tables; according to Wohler, it is 
completely decomposed by hot hydrochloric or nitric acid, the silica separating in 
crystalline scales like those of the mineral. It is found only in one locality in Sweden, 
probably at Persberg, Wermland. 

XBPOXiXTB. See Anortuitb (i. 303). 

XBPTTXrZTE. GranulUe or Eurite. A granular compound of felspar with quartz, 
"sometimes containing garnet. 

XBVCABXXXirB. C2«IP»N». (A. W. Hofmann, Proc. Roy. Soc. xii. 2 ; Jahres- 
bor. 1862, p. 34.) — A base produced by the action of reducing agents on rosauiliue, 
and related to it in the same manner as indigo -white to indigo- blue : 

-e H-' = C=«IP'N». 

HusiiuiUne. Leucanilinc. 

It may bo obtained by leaving hydrochlorate of rosaniline in contact with metallic zinc, 
or more easily by digesting a salt of ro.saniline (or commercial fiichsine or magenta) with 
sulphide of ammonium. A yellow resinous mass is then formed, which is to be finely 
pulverised, wiished with water and dissolved in dilute hydrochloric acid. The solution 
forms with concentrated hydrocliloric acid, a copious, crystalline, brown or yellow 
precipitate, of impure hydrochlorate of leucaniline, which may be purified by repeated 
solution in dilute, and precipitation by concentrated hydrochloric acid. It crystallises 
from boiling dilute hydixwhloric acid in very small rtjctangular plates, which are 
obtained quite pure by recrystallisation from water, px by precipitation of the alcoholic 
solution with ether. w 

Leucaniline is precipitated from the solution of the^ hydrochlorate as a white powder, 
acquiring a faint rose tint on exposure to the air. It is nearly insoluble in oold, 
sparingly soluble in boiling water, whence it separates in small crystals, slightly soluble 
in ether, easily in alcohol. It tunis red when heated, and molts at 100® to a dark -red 
transparent liquid, which solidifies to a lighter-coloured mass on cooling. By oxidising 
^nta, such as peroxide of barium, ferric chloride, and especially chromate of potassium, 
it is easily converted into rosaniline. It unites with sulphide of carbon, chloride of ben- 
Eoyl, and several other bodies, forming compounds which have not yet been examined. 

The salts of leucaniline crystallise well, espema^ the sulphate ; they are all soluble 
in water, and are precipitated by acids. The i^diupchlorate, C"H^*N’.3HC1.H*0, gives 
up its wat^r only when heated for a long time in a stream of hydrogen. On boiling 
its solution with excess of leucaniline, the latter sepji rates out in splendid crystals, 
withont fbX||ing a less acid salt. The chloroplatinate, 2(C**H*'N’.3HCl).3PtCl*.2H*0, 
is sparia^^ muble in cold water, decomposible by boiling water, and gives up its 
water with 4p^nityi oven when heated above 1 00®. The nitrate, 

I?- ' 
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forms white needles soluble in water and in alcohol, but not in ether, only sparing in 
nitric acid, and decomposing at 100°. 

THpUenjl-lenoanlUne. C"H‘»(C*H‘)*N*.— Obtained by Uie action of reducing 
agents on triphcnyl-rosanilinc. The blue solution of the hydrochlorato of this base 
is decolorised by zinc and hydrochloric acid, and the clear liquid treiitwl with water 
yichls a precipitate which may be purified by solution in ether. The samo compound 
is obtained as a brittle, non-bjisic resin, by the action of sulphide of ammonium on 
hydrochlorate of triphenyl-rosaniliuo. It is anliytb*ous, and when treated with oxi* 
dising agents, is reconverted into triphcnyl-rosanilinc. (Hofmann, Compt. rend. 
Ivii. 25.) 

XJBU’CtASOliXTMZXa’. See Litmus. 

UlUrCBTJUffBBROXTS. A variety of chlorite (i. 914) from Slatoust in the 
TJrflL Breithaupt regards it as an alft'ivd chlorite. Komontui found in it only 8‘C2 
per cent, water instead of 12 (>2, the percent;ig<* in normal clilorite. Konngott regards 
It as a distinct species. 

XiBUCZC ACZB. (8trecker, Ann. Oh. Pharm. Ixviii. 65 ; Gdssman, 

ibid. xci. 135 ; Waage, ibid, cxviii. 295; Tliudichum, Chem. S<h‘. Qu. J. p. xiv. 307 ; 
Frankland, Proc. Koy. Soc. xii. 39G ; Frankland ami Duppa, ibid. xiii. 140.)— 
An acid, homologous with lactic acid, produc'd : — 1. Fnmi L iwint ', — a. When nitric 
oxide gas is passed through a solution of leucine in strong nitric acid, nitix)gen is 
evolved and leucic »u*id is formed (St rocker). Tlie same reaction takes jdace when 
nitreus acid is passed through a solution of leucine in warm water (Thudichum), or 
water slightly acidulated with nitric jwnd (Waage): 

C«H»NO" + HNCP - C-H'nP + IPO. 

Leucine. Nitrous Leucic 

acid acid. 

(bihourshad previously observed (Compt. rend, xxvii. 308) that a peculiar acid is 
formed wIk’II an aqueous solution of leiieinc* is left, to itself. — /8. WluMi chlorine gas 
not in excess is cautiously passed through a solution of leiieino in e«instic soda, loucie 
.'leid is formed and may bo separated from the mixture in the same mannor as benzo- 
glyeollic acid (i. 548) fi'om hippuric acid. (U ossinaun.) 

2. Vrom oxalate of by the action of zinc-ethyl. The dinict pnnluct of thii 
action is probably zincsjleucic other, H body not isolaUsl, thus [zn — 32*5-J an]; 

c«u'»o' + - c-n'»(i!ncni‘)o* + m(c'ii‘)o. 

Ox.ilate of Zinc-ethyl. Zincoleucic Ktliylate 

elhyi. eilier. o( »inc. 

The zincolcucic ether is converted by the action of water into leucic ether: 

C‘‘lPV.ri(CTP)(P -t 11^0 = C''IP*(Cqi»)0* + znllO; 

Zincolcucic ether. IhmicIc eliier. 

and from this, the barium-salt, and thence the acid itself, is easily obtained. (Frank- 
land.) 

Preparation. — 1. Pure leucine is dissolvtd in boiling water slightly .'leidulated with 
nitric acid ; nitrous acid gas is pa.‘<Hed through the warm solution as long ns nitrogen 
cniitinufs to escjipe; the liquid, which turns brown and gradually deposits brown flakes, 
is left to cool, then agitated seveml times with ether; and the ethereal <*xtructs are 
evaporaUHl. The residue is a brown oily liquid not miscible witli water, which 
gradually solidifies to a mdio-crystaUine mass. The fiqueous solution, freed from loucio 
acid by repeated agitation with ether, left on evn[>onition a considerable quantity of 
nitro-leucic acid. — I’o purify the crude leucic acid thus obtained, it is dissolved in a 
large quantity of water (a smaller quantify dissolves it but irnnerfectly) ; the boiling 
liquid is mixed with an aqueous solution of acetate of zinc ; and file precipitated lottcato 
of zinc is washed on the filter with water (which dissolves but a sriiall quantity of it), 
purified by recrystallisation from alcohol, then susperidwl in water, and d^K'omposed by 
...,Bu]lj) hnretted hydrogen. The filtered solution is but very slightly cx)loun*d, and when 
to a syrup and left to stand, yields leucic acid in colourless neodlea. If, on 
the other hand, the zinc-salt be suspended in alcolud and decomposed by sulphuretted 
hydrogen, the acid is obtained in hard, brittle prisms. (Waage.) 

2. Thudichum passes nitrous acid (^ through a warm aqueous solution of hmcino; 
^aporates, with addition of leucine, tq^ jeutralise the free nitric acid, and prevent it 
from oxidising the leucic acid; agitates the syrupy rc^sidue with ether (or extfsets the 
leucic acid from the aqueoms solution by agitation with ether, without previous evapora- 
n^tion ; in which case, however, the treatment with ether must l>e repeated^ grvmt 
number of times) — and purific** the crude leucic acid from adhering brown oft, mher 
hy solution in cold water, filtration and recrj'stallisatiorj,— or by strongly pfnstng the 
coloured crystals between bibulous paper— or by precipitating the aqueotif j^oiution 
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of lead, decomposing the washed precipitate with sulphuretted hydrogen, 
ao^^lil^^brating the filtrate either over the water-bath at a very moderate heat, or 
OT^ aiilphiudc acid. . , • . 

3. Oxalic ether is mixed with its own weight of zinc-ethyl, in a vessel sur- 
rounded by cold water, to prevent rise of temperature and the cons^uent occurrence of 
a secondary reaction, attended wnth the evolution of large quantities of ethylene and 
hydride of ethyl; towards the end, however, the reaction requires to be assisted by the 
application of a gentle heat. The mixture, which generally remains fluid, is mixed after 
cooling, wdth its own volume of water (whereupon torrents of hydride of ethyl, derived 
from excess of zinc-ethyl, are evolved), and subsequently distilled in a water-bath. 
Weak alcohol containing an ethereal oil in solution then passes over, and a further 
quantity of the oil may be obtained by adding water to the residue in the retort, and 
continuing the distillation on a sand-bath. The oil is precipitated from the ^coholic 
distillate by water, added to that which floats on the surface of the watery distillate, 
then dried over chloride of calcium, and roctifled. The principal portion, which distils 
between 174° and 176°, consists of leiicic ether. (Frankland.) 

The process may be greatly simplified, and a larger product obtained, by generating 
the zinc-ethyl during the reaction, namely by heating a mixture of amalgamated zinc, 
iodide of ethyl, and oxalic ether to the necessary temperature. The operation may bo 
considered complete when the mixtm*e has solidified to a resinous-looking mass ; and 
this, when treated with water as above, and distilled, yields a considerable quantity of 
leucic ether. (Frankland and Du pp a.) 

The leucic ether heated with hydrate of barium, is converted into leucate of barium, 
and this when decomposed by dilute sulphuric acid, yields a solution of leucic acid. 

Properties. — Leucic acid forms colourless needles (Strecker); needles or hard, 
brittle prisms, of the trimeti’ic or monoclinic .system, according to the mode of pi^epa- 
ration (Waago); rad iary group of needles, having a mother-of-pearl lustre, with a 
I'cautiful variety of concentric markings, like those of some kinds of larch-agaric 
(Thudichum); it is heavier than water, and cuts like hard soap, almost like stearic 
acid (Thudichum) ; it has an acid histe, and reddens litmus (Thudichum); a bitter 
taste, and strong acid reaction (Waage). It melts below 100° and solidififis on cooling 
(Thudichum); melts at 73°, and sometimes .solidifies at a few degrees below the 
melting point, sometimes remains liquid even when cooled to 0° (Waago). It is 
easily soluble in water and in alcohol^ solid tie also in dher. 

Decompositions.— \. Leucic acid volatilises at 100°, appanmtly without decomposi- 
tion. When it is placed on a watch-glass and heated ov»t the water-bath, the sides of 
the glass become fringed with cry.stals of the sublimed acid, which dissolve eiisily in 
water, leaving, however, a few flocks, probably cctnsisting of the anhydride. The ma.‘<3 
which remains in the middle of the watch-glass i.s syrupy, dissolves in water only 
after prolonged boiling, but is easily soluble in alcohol and ether; it probably also con- 
siste of leucic anhydride (Waage). The acid heated for some timi' in the w’ater-ovcn, 
continually gives otf acid-smelling vapours, and does not afterwards solidify on cooling, 
but remains in the form of an uncrystalli.sable, dark-brown, smeary syrup ; the anhy- 
dride, which has a very disagre<*ablo odour, remains unchanged, even when left over 
oil of vitriol for weeks, and is nearly insoluble in water, separating from it like an oil 
and sinking to the bottom. A small quantity of this insoluble compound is likewise 
formed, when the aqueous solution, oven if dilute, is heated to the boiling point or 
evaporated (Thudichum). Leucic acid may be boiled with water without decompo- 
sition, and traces only of it distil oflf with the water.(Frankland).— 2. Leucic acid 
strongly heated in the air, gives off thick fumes aqd blackens, then takes fire and burns 
with a yellow smoky flame, leaving a small quantity of charcoal, which is quickly and 
easily consumed. (Thudichum.) t • 

f 3LeiioateSti Leucic acid forms crystallisable salts, the composition of most of 
which may be represented by tlio formuhe, M'C*H“0* and M ’(t^ll*‘0*)*. They ar® 
analogous in composition to the lactates, the acid being diatomic and monobasic. An 
acid silver-salt has, however, been obtained, having the composition C®H"AgO*.C*H'*0*. 
The leucates are for the most part obtained by boiling the aqueous solution of the 
acid with the corresponding ciurlxmates (Thudichum). They are less soluble than 
the lactates in water, naore soluble in alcohol. (Waage.) 

Lencate of Ammonium . — The acid slightly supersaturated with ammonia, and 
evaporated, leaves a thick homogeneous residue, in which no tr^ of crystal li^tion can 
be observed, even after drying for several weeks over oil of vitriol. (Thudichum.) 

Leueato o/ barium, Ba''(C«H‘'0*)*.— Obtained by digesting the aqueous acid 
with carbonate of barium, or by heating leucic ether with hydrate of barium, separating 
the excess of baryta by carbonic acid, filtering and evaporating (Frankland, 
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Waage, Thudichum). It diBsolves with moderate facility in wiunn water 
alcohol, and aepi^tee from boiling alcohol in beautiful colourle«i, 
cryatals, which, like most loucates, retain something of the appearance trf -IIBift- 
(Waage.) 

Leucate of Calc turn, Ca"(C*H"0*)’. — An aqueous solution of the acid neutraljsod 
with chalk or milk of lime, and left to evu)>orHte, yields tlio eulcium>84ilt in hno needles, 
easily soluble in water and in alcohol. 

heucate of Cohalt, Co"(C*U“0’)*. — The <liInto aqueous acid boiled with excess 
of carbonate of cobalt, then tiltoro<l and evap<»nile«l, d»'pt>sits light crusts of a pink 
colour while moist, hut of a very pale rose-colour <»r iihuost white when dry. The 
salt is but sparitigly soluble in cold water, and not much more soluble at the boiling 
ht>at. It crystallises in nee«lle.s, which, under the microscope, appear to be arranged 
in globular masses. (T h u d i ch u m.) 

Leucateof Copper. — When a dilute aqueous solution of leucic acid is treated with 
a dilute solution of ammonio-sulpliate of co[»jM‘r, the colour of the copper-salt cluingi'S 
to light-green. On boiling the liquid, it heeomes paler, and on cooling dcjHwi».s liglit 
green granules of leucjilo of copper. Under high powers of the micn)8Copt\ these 
granules appear a.s balls, formed by a radiary arrjing«*ment of needles ('rhudichuin). 
A solution of leucic acid mixed with acetjite of copper, forms a green floceulent precipi- 
tate, very sparingly soluble in water, even at the Ixiiling heat, but easily crystallised 
from boiling alcohol, from which it separates in very beaiitifid light blue, shining, 
hidky scales, which do not undergo any diminution iu weight at lOO^-’. (Waago.) 

Lcucat e of Lead. — On abiding ae<*tato of lead to a solution of leucic acid or a 
Icueate, a copious while flaky precipitate is formed, which on boiling dissolves almost 
entirely in the liquid. Any portion remaining hiidissoived mOts into a white mass, 
which is soft like resin while warm, but becomes brittle and hard on cooling. This 
substance is insoluble in water and alcohol, even on boiling, and seems to be a basic 
salt. 

If the solution of load is added to a boiling solution of the acid, no precipitate 
ensues, acid vapours are evolved, and the li<|ui<l beeotm^s milky on cooling. In a short 
time, it deposits the lead-salt as a light, granular, white niass, which, under the inicro- 
scoiw, appears to be made up of a multitude of strongly rethicting Hplu*rical masstw, of 
the size of human blood-corpuscle.s. This salt is more easily soluble in an excess of tho 
acetate than in water. It is easily soluble in spirit of wine, j>articularl^ in l)oiIing 
spirit. Even in these solutions, basic salts are ejisily form(*d. The addition of water 
to these solutions produces a precipitate. (Thudichum.) 

Leueatc of Magnesium. — Spjiringly soluble in water, dof)OHiU’d in crusts on 
eva{>orution. (Thudichum.) 

Lfucate$ of Mercury. — Mercuric Ijcucaie may ho prejiared Directly, by 
<liMSolving freshly- precipitated moist mercuric oxide in axiueous leucic acid. A flaky 
precipitate gnidually ensues, wliieh on heating hecoim*H red and granular, and adhoroa 
to the sides of the glass. On cooling, a now jirecipitute. consisting of whitish globules, 
is drposittxi — b. By adding mercuric nitrate an aqueous solution of h-ucic acid, a 
wliitish-nHl precipitate is formed, which dissolves on boiling, and on cooling is againt 
‘lejH»sitc<l in reddish granules. — c. By adding the mercurial solution to tho leucato of li|} 
alkali-metaL 

Mercurous Ijcucate. — When a solution of mercurous nitniti' is addtxl to a solution of 
leucic acid a slight turbidity ensues. The addition of earlxunito of smlium prfxluccs a 
copious reddish-while precipitaU*, which, on boiling, bt'comes red, then dull grt*y, and 
deiKwits metallic mercury. (Thudichum.) 

rhe leucates of mercury have a great tendency to b(*come reduced. The mercuric 
Mlt eiMily passes into the mercurous salt. The mercuric salt, moreover, has a groat 
tendency to become basic and insoluble. (Thudichum.) 

Leucate of Potassium produced by the action of iv^ucous potash on Icuric 
ether, and separates as a 8f?mi-solid soap on the surface of the potash-solution, if the 
latter is concentrated. (F rankland.) 

Leucates of Silver.— a. Tho ncutraLmlt, C*H’‘AgO», is obtained by luiding 
nitrate of silver to tho solution of tho acid ncutnilised with ammonia, or by 
boiling the acid with oxide of silver, and may bo rendered quite colon rh ss by rt^'rys- 
tallisation from boiling water, in which it is nnxlonitely soluble. It is nnhydr*>us 
(Waago). Nitrate of silver added to a warm solution of leucato of amrnoniurn, potns- 
siun^ or sodium, forms a copious white crysfiillir.e precipitate, which increas<?8 as the 
liquid cools, and blackens if left in the mother-liquor (Thudichum). It contains 
46*2 per cent, silver (Waage) ; 441 4 (Th ud i ch ii m) ; calc. 46*19 jan* cent. 

Acid salt, C*H' ’ AgO\C*H 'HI*. ' A hot dilutes<dnt ioii ( f leucic iic id deconi poses recent ly 
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I carbonate of silver, with effervesceDce. The e^ce^ of the carbonate of silver 
** ^ved portion' of the leiicaie become blaAisH-gi^y, but the acid is not 
The hot filtrate forms no deposit on cooling. The attempt to 
p oier the water-bath produces a black precipitate of reduced silver. It 
(5re, be evaporated in vacuo over oil of vitriol. After prolonged standing, 

Se^^Stals, of a glassy lustre and appearing under the microscope as groups of 

rhombic plates, are deposited at the margin of the dish. The liquid then becomes 
covered with a pellicle, and evaporation is impeded. At a later stage conglomerates of 
needles are deposited, whicli, when carefully dried over sulphuric acid in vacuo, 
appear a little blackened, like most silver-salts, but are not decomposed. Silver by 
analysis 26*97 per cent. ; the formula requires 29*1 per cent. (Thud i chum.) 

Leucate of Sodium. — The aqueous acid neutralised with carbonate of sodium, and 
evaporated, leaves a syrupy residue covered with a crystalline crust. When this s^rup 
is left over oil of vitriol, crystals form in it, which under the microscope exhibit a cha- 
racteristic tub-shape, with rhombic plates interspersed here and there. (T h u d i c h u m. ) 

Leucate of Zinc, Zn"(C'*il“0’*)^ — This salt is obtained by neutralising the dilute 
acid at the boiling heat with curbonate of zinc, and filtering at the same temperature. 
The solution de{X)sits a thin crust on cooling. Evaporated over the water-bath, it 
soon becomes covered with a crust, and on cooling deposits bulky masses of needles, 
which must be separated by filtration, pressed between bibulous paper, and dried by 
exposure to the air or over the water-bath. The best crystals are obUiined from a 
solution containing excess of leucic acid (Thudichum). For Waage’s mode of pre- 
paration, see page b’J*). 

The salt is snow-white, with splendid silky lustre ; exhibits under the microscope 
the appearance of masses of needles (Thudichum); extremely light scales, of 
dazzling whiteness and silky lustre (Waage). It is sparingly soluble even in boiling 
water, less in cold water (Thudichum); dissolves in 300 pts. water at 16*^, and in 
204 pts. boiling water ; more soluble in alcohol (W aago). The air-dried salt contains 
Zn"(C‘‘H“0’)*.II‘0, and gives off its water (f)*! per cent.) at 100° (Waage). The 
anhydrous salt gives by analysis, 43 87 per cent, carbon, 6*39 hydrogen, and 2010 
zinc, the formula requiring 44*01 carbon, 6'72 hydrogen, and 191)2 zinc (Thudichum). 
Sulphydric acid precipitates the zinc completely (VVaage); accf)i’ding to 'riiudichum, 
on the contrary, the precipitation is only partial, oven after the solution has been 
r^ipeatedly saturated with the gas. 

UVexe STHSR. C^IT’O® = C«II*'(C2lP)0*.--Tho formation 

and preparation of this compound by the action of zinc-ethyl on oxalic ether have 
already been described (p. bib). It is a colourless, transparent, somewhat oily liquid, 
possessing a peculiar penetrating ethereal odour, and a sharp taste. It is insoluble in 
water, but dissolves readily in alcohol and ether. Specific gravity 0*9613 at 18*7°. 
Boiling point, 17o°. Va[»our-density, ob.M. = 5*241 ; calc. 5*528. Treated with 
hydrate of barium or potassium, it yields the corresponding salts of leucic acid. 
(Frank land.) 

;3b9irCZNrBI18r-SinbPHI73lIC ACZD. See iNDiN-suLPHUiiio APID (p. 268). 

C^H^NO^ Formerly called and Oxtrfe. (Proust, 

Ch. Phys. [2] X. 40; Br aeon not, ibid. xiii. 119; Mulder, J. pr. Chem. xvi. 
.^^^s'iBopp, Ann. Ch. Pharm. Ixix. 20 ; Laurent and Gerhardt, Ann. Ch. Phys. 
{3f j||£v. 321 ; Cahours, Compt. rend, xxvii. 265; Limpricht, Ann. Ch. Pharm. xciv. 
243; Oossmann, ibid, xc 184 ; xci. 129 ; Streckpr, ibid. Ixviii. 54; Gm. xi. 426.) 
—This substance was first observed by Proust, in 181 8, as a product of the putrefaction 
of cheese; and Braconnot in 1820 found it amogg the products of decomposition of 
animal substances by sulphuric acid ; Mulder, bi 1^8, showed that the two substances 
thus obtained were identical. 

It is homologous with glycocine (C*n*NO*) and alanine (C*H’NO*), and may be 

H* . 

regarded as lactamic acid, (C*H*®0)"^^, being related to leucic acid in the same 

manner as glycocine to glycollic acid, and alanine to lactic acid. 

Occurrence.- In old cheese (Proust). In fresh ealfs liver (Liebig, Chem. Briefe, 
3 Aufl. 453) ; also, together with tyrosine, in the human liver, in certain cases of 
disease, but not in the healthy liver (Frerichs and St ad el er, .Jahresber, 1864, p. 
676). According to later researches by these chemists (ibid. 1866, 702; 1868, 660), leu- 
cine and tyrosine are very widely dif^ed in the animal orj^nism. Leucine also exists, 
together with taurine, inosite, and uric acid, in the tissue of the lungs (A. CloStta, 
Ann. Ch. Pharm. xcii. 289^ According to Gorup-Besanez, Ann. Ch. Pharm. 
xcviii. 7), it occurs in many parts of the glandular system, viz., in the thymoid and 
thyroid glands, in the liver, and especially in the pjmoreas. It has been found also in 
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the brain d oxen (W/l{|iL|er, Ann. Ch. Pharm.' etii 181); in the pan< 

(Soberer, Jahreabef. 185d, ^ 610); in the stomach '^hnd intestines o‘ 
batterflie8(Schwarzenbaci^i6/<i. 1857, p. 538X and in the flj-agari^ 
carius. (Ludwig, ibid. 1862. p. 516.) 

Form(»tion, — 1. In the decomposition of ^latin, muscular flesh, legumin Ijl.ili 
white of egg, according to Mulder), by sulfuric acid (Bra eon not); 
small quantity of glycocine (Mulder). Gorup-Besanes also (Ann. Ch, Phanh. 
cxviii. 230), by treating wool with sulphuric acid, obtained, together with volatile acids 
and a large quantity of ammonia, al^ut 3 per cent, of tyrosine, and a rather large 
quantity of leucine containing sulphur. The leucine was obtiiiived free from sulnhur 
by dissolving it in rather dilute potash»loy, lK>iling it with a solution of lead-oxide in 
potash, filtering from sulphide of lead, neutralising the filtrate with sulphuric acid, 
evaporating to dryness, boiling the pulverised residue with alcohol, and leaving the 
solwion to crystallise. 

2. By heating horn with dilute sulphuric acid (Ilintorbergor), also together with 
tyrosine, by htmting elastic tissue, especially the cervical ligament (Zollikofer), or 
feathers, hedgo-hogs’ spines, human hair, the wing-cases of cockchafers, or globulin and 
lirematin from ox-blood (Leyer and Kdllor, Ann. Ch. IMiann. Ixxxiii. 332), or silk 
(Hint erberger, Wien. Akod. Her. xi. 450) or conchiolin (Schlossbergor, Zoitschr. 

Clu Phtirm. 1860, p. 424), with dilute sulphuric acid. Krlenmeyer and Schdffer 
(Zeitschr. Ch. Pharm. 1869, p. 316), by boiling 1 pt. of various albuminous and gela- 
tinous substances with 6 pta. of a mixture of 1 pt. sulphuric acid (II*SO*) and IJ pts. 
water, obtained the following quantities of leucine and tyrosine: Cervical ligament 
Yielded | per cent tyrosine and 38 to 45 per cent leucine ; blood-fibrin, 2 ptir cent, 
tyrosine (on evaporating the neutral liquid to abetit 108 to 1*10 spcific gravity), then 
14 per cent, leucine; fiesh-fibrin, not quite 1 per cent, tyrosine, and ul)Out 18 per cent, 
leucine ; white of hen’s egg, 1 per cent, tyrosine and about 10 per cent leuciim ; horn 
(treated with 10 pts. of the above acid mixture), 3 6 per cent tyrosine, and almt 
10 |)er cent, leucine. The several substances were dcconi^)osed by tlirec hours’ boiling 
with the acid as completely as when the boiling was continued for 36 or 40 hours. 

3. By the action of dilute acids upon indican. (Schunck, p. 247.) 

4. By boiling white of egg, gelatin, or flesh, with potash-ley, glycoeine being formed 

at the same time (Mulder). Hence also, when the juice of mangold-wursel is boilfsi 
with lime. (Hochstetter, J. pr, Chem. xxix. 36.) . 

0. By melting albumin, fibrin, casein (Bopp), or horn (Hi ntorbergor) with hydrate 
of potassium. 

6. In the putrefaction of casein or gluten under water (Proust, Mulder); some- 
times abundantly, sometimes only in traces (Cahours). Also, together with tyrosine, 
ammonia, butyric acid, and lactic acid, by the put,r«‘fuction of yeast (A. Muller, J. pr. 
Chem. Ivii. 162, 447). But according U> Hesse (J. pr. Chem Ixx. 34), the Hulwtance 
r»*gard(Mi by Muller as leucine contains 3 or 4 per cent, sulphur, and is more BolubiO 
in alcohol than leucine (see Pseudolkucinr, p. 682). 

7. By the action of hydrocyanic acid and dilute hydrochloric acid, with the ftld of 

heat, on valeral-ammouia (Parkinson, Ann. Ch. Pharm. xc. 144; Limpricht| 
xciv. 243): I „ 

NH».C“H‘'’0 + CNH + HCl + IPO - C»H'*NO» 4- NlPCl. H' y 

It was stated by Gdssraann, that thialdino^is converted into leucine by the iilftfiifl of - 
moist silver-oxide, according to the equation : 

CHI»*NS’' + 2Ag'’0 =» C^IP'NO* + 2Ag’S; 


but according to Hofmann (Chem. »Soc. J. x. 193), thialdine thus tr(*ated gives off 
the whole of its nitrogen in the form of ammonia. 

Preparation. — 1. Finely-chopped beef, washed with water and then strOnglpr 
pressed, is mixed with an equal weight of oil of vitriol, and gently lieabKl till it is 
completely dissolved; the fat is skimmed off* after cooling; the mixture dduted with 
water amounting to 34 times the weight of the meat ; the liquid boiled for 9 hours, 
with frequent renewal of the water; the sulphuric acid removed bv chalk; the filtrate 
evaporated to an extract ; this extract rep<?atedly boiled with alcohol of 34® Bm. ; the 
J'vsiilting alcoholic tincture evaporated ; the dry residue exhausted with cold alooboi ; 
the residual mixture of leucine and a small quantity of matter precipitable by tannin 
dissolved in water ; a solution of tannin carcnilly added to it by drops as long as any 
precipitate ensnes; and the liquid filtered after a few seconds, then evaporated 
(Braconnot). The leucine prepared by Braconnot appears still to have contained 

glycocine. (Mnlder.) ^ ^ ^ a , ^ i g 

2- 1 pt. of dry albumin, fibrin, or casein, free from fat, is boiled with 4 pts. ^ oil of 
vitriol and 12 pts, of water, in an open vessel, the ebullition being ooiitiiitted for a day 
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water oonlanually renewed. Or, better : 1 ^nbkaotee is dissohed in 

4^ihi^ et|ong hydrochloric acid ; the liquid mixed with or 4 pt«. of oil of vitriol and 
; evi^ovatra over tie water-bath till the greater part of the hydrochloric acid is expelled, 
; and ^ remaining black-brown pitchy or syrupy mass, in which minute ciystals form,’ 
|g fTriMp.V( d in hot water. Either of these acid liquids is boiled with excess of milk of 
lime ^^pel ammonia, then strained through a linen bag; the clear filtrate treated with 
sulphuric acid to precipitate the lime which is held in a solution by a product of de- 
composition ; the excess of acid precipitated by^acetate of lead, and the excess of lead 
by sulphydric acid; and the filtrate evaporated to a smp, from which in a few days 
leucine and tyrosine crystallise. The crystals are fireed from the syrupy mother-liquor 
by digestion in 86 per cent, alcohol, and the leucine separated from the tyrosine and 
brown matter by treatment with water, hydrated oxide of lead, and animal charcoal, 
as in the fifth mode of preparation. 

3. 1 pt. of cow-horn shavings is boiled with 4 pts. of oil of vitriol and 12 pts. of wHter 
for 36 hours, the water being renewed from time to time, the liquid then supersaturated 
with milk of lime ; the whole boiled for 24 hours in an iron pot, then strained through 
a conical bag and squeezed, and the liquid mixed with a very slight excess of sulphuric 
acid, filtered, and evaporated ; it then yields at first spherical crystalline masses of 
tyrosine, and afterwai^s laminated masses of leucine. The latter are pressed between 
paper, freed from brown matter by washing with absolute alcohol, and crystallised from 
solution in a small quantity of hot water, tyrosine then separating first, and the mother- 
liquor afterwards yielding leucine, tolerably pure but not quite white. It must therefore 
be dissolved in hot water ; digested with a small quantity of hydrated oxide of lead ; the 
liquid filtered; the filtrate freed from lead by sulphydric acid, and the crystallised leucine 
further treated with animal charcoal (Hinterberger, Ann. Ch. Pharm. Ixxi. 72). 
H. Schwanert {ihid. cii. 221) boils 2 lbs. of horn- shavings with 6 lbs. sulphuric acid 
and 1 3 lbs. water for 24 hours, renewing the water Jis it evaporat/CS, then supersatunites 
with lime, and, after filtering off the gypsum, evaporates the filtrate to 12 lbs. and mixes 
it with a quantity of oxalic acid sufficient t-o produce a slight acid reaction. The liquid 
filtered from calcic oxalate, and evaporated till a crystalline film forms upon its surface, 
deposits groups of yellowish laminae of leucine mixed with tyrosine, more of which crystals 
may be obtained by evaporating the mother-liquor. The crystalline mass is then dis- 
solved in such a quantity of hot water that the solution on cooling yields crystals of 
tyrosine only; the leucine solution is then decolorised with animal charcoal, evaporated, 
and the Ifucine which separates is purified by pressure and recrystallisation from hot 
alcohol. Waago (Ann. Ch. Pharm. cxviii. 296) proceeds in the same way as Schwanert, 
excepting that, after precipitating the last portions of lime with oxalic acid, he mixes the 
filtrate with sulphate of copper, procipibites the copper with sulphydric acid ; evaporates 
tbe filtered liquid which is then nearly colourless, to the crystallising point ; recryst al- 
liaea the separated leucine from water and dilute alcohol ; and finally aecolorises it by 
boiling with a small quantity of hydrate of lead, and removing the lead by sulphy- 
' leucine thus prepared still retains 2 percent, ash and a trace of sulphur. 

of egg, ^latin, or fiesh, is boiled with potash-ley till it is completely de- 
’ the liquid neuti^isod with sulphuric acid, and evaporated ; and the leucine 

vldctrnot with alcohol. (Mulder.) 

6. 1 pt. of the powder of dry albumin, fibrin, or casein free from fat, is added to 1 pt. 
of hydrate of potassium, heated to fusion in an iron crucible of 26 times the capacity ; 
mnd water carefully added after half an hour, when the violent frothing arising from 
^e escape of water and ammonia has subsided, and the brown colour which the mix- 
ture at tot exhibits, is changed to yellow; if the l^uid be then saturated with acefic 
acid, filtered hot, and gradually cooled, it yields tuAs of needles consisting of tyrosine. 
These crystals completely fill the filtrate, when th^^^occss is well conducted ; on the 
other hand, they are less abundant the longer the fusion has been continued. — The 
liquid decanted from the crystals of tyrosine is evaporated till a crystalline film appears 
on the surface ; then set aside for 24 hours and exhausted with strong alcohol, which 
leaves crystals of leucine and the still remaining tyrosine ; the liquid is mixed with 
alcoholic sulphuric acid, and decanted from the crystallised sulphate of potassium ; the 
alcohol separated from it by evaporation, the sulphuric add by lead, and then the lead 
by sulphydric acid ; and the solution finally evaporated, ^hereupon it yields crystals of 
leucine and a greasy syrup, the quwitity of which is less in proportion as the fusion 
has been longer continued. To purify the leucine from tyrosine and a small quantity 
of brown colouring matter, it is dissolved in such a quantity of hot water that only a 
small quantity of leucine may separate on cooling, together with the tyrosine ; the 
motherdiqnor is dieted with hydrated oxide of lead, which removes &e colouring 
matter together wim a small quantity of leucine ; the fiUrate is treated with sulphydric 
add; and the filtrate thus obtained, which has merely a yellowish colour, is evaporated 
in a flask till a ciystaUine film forms on its surface. It then, on cooling, yields ciystals 
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oT whidi |j|[H^ ^th cdd water and alcohol, and deedoriiiSt ^ 

tteitaawi wfth animiU charcwlmd recry8talU8ation.->lf the object bemereljr to 
leueme, and not tyrosine, it is sufficient to heat the pota8h>mixture till the atiiMi|eit 
intumeseenoe is oyer. At that stage of the process, the same quantity of leueiiie is 

formed, but no tyrosine. (Bopp.) m 

6. One pt of cheese^ muscular flesh, or white of egg, is left to putrefy uritllwpts. 
of water for six weeks at a temp^ture somewhat acove 20® ; the wsulting turoid 
solution boiled wiUi a small <^uantit7 of milk of lime ; the lime precipitated by a yery 
slight excess of sulphuric acid ; toe filtrate boiled down and precipitated by neutral 
a^tate of lead; the decanted li(^uid treated with sulphydric acid ; the filtrate evapomted 
to a syrup ; and the leucine which crystallises therefrom, is freed ftom the remaining 
syrup by means of alcohol, and purified by solution in water, treatment with hydniUnl 
oxide of lead and sulphydric acid, crystallisation, and washing with cold water and 
alcohoL When the above-mentioned alcoholic solution of the sjTup is evap<)rated to 
complete dryness, and the residue dissolved in absoluto alcohol, the solution still 
deposits a small quantity of leucine. (Bopp.) 

7. The cervical ligament of the ox, after being fw^ed from the surrounding fibrous 
tissue by boiling with water containing acetic acid, and subsequent scraping with a 
knife, and (if necessary) from fat by digestion in ether, is l)oifed for 48 or 60 hours 
with dilute sulphuric acid (8 pts. oil of vitriol to 12 pts. water), the water being ro- 
placed as it evaporates. The resulting solution is mixed with a slight excess of thin 
milk of lime, and boiled for some hours ; the filtTato exactly neutralised with sulphuric 
acid and evaporated ; and the liquid, after filtrat ion from the st^panited sulpnaio of 
calcium, is again evaporated: it then yields, especially on cooling, impure leucine, 
which may be purified by recrystallisation from hot alcohol. Tl»is proc'ess is jx*culiarly 
advantageous, as the acid mother- liquors crystallise to the hist drop, yielding nothing 
but leuSno. (Z 0 1 1 i k 0 f e r, Ann. Ch. Pharm. Ixxxii. 1 62 ; compare O o s s m a n n, ibid. 

**^8.^Vderal-ammoniai8l)oiled in a retort with hydrocyanic and hydrochloric acids 
till the oily layer consisting of tJie fused ammonia-comiwund has completely dis- 
api>earod; the solution is then left to itself till the greater part of the resulting 
chloride of ammonium has crystallised out ; the hydnwhloric acul removni by means 
of hydrated oxide of lead, and the lead by sulphydric acid ; the filtrate is evai>oriit<‘<l 
over the water-bath, and the residue dissolved in hot dilute alcohol : the solution thus 
obtained yields crystals of pure Icucinc. (Limpricht.) 

I^ropertiea, — I»eucine crystallises from alcohol in soft nacreous scales, lighter than 
water and resembling cholesterin. It sublimes completely at 170®, in cOtton-hko 
flocks without fusion or decomposition (M ulder) ; according to Bch wanert-, o® tno 
(xmtraiT, it melts at 170®. It is sparingly soluble in cold, but dissolves 
hottt^ai^; sparingly in alcohol of ordinary strength (in 668 pts. of cold alcoh^of 
si)ecific gravity 0828 according to Mulder), very sparingly in almolute al^l. 
According to Zollikofer, it dissolves in alK)ut27 ptJi. of cold water, in 1040 pts. 
alcohol of 96 per cent., and in 800 pts. hot alcohol of 98 per cent. It »« 
ether. Its solubility in water and alcohol is increased by the presence of ncommm 

or an alkaline acetate. .n * 

Dfcmpositiont—l. Lcucinp heatod to 180°, ytoMa a yellow diHtillote liavnig.ill 
ammonifi^al odotir. and aolidifying in tho eold, while a brown reMinona »>«“."• 
maina in the ndort. The aleoholic solution of the distillate has an alkaline ^'O". 
and when treated with hydrochloric acid, gives off earlKinic anhydride, and * 

solution containing hydrcaihlorate of ainylamine, together with sal ainmoniac. The 
nsolntion of the leucine into carls.nic anhydride and anij laraine which is ‘"'I 
pal reaction, is similar to that of phcnyl-carhamic acid into carlionic anljlrtdo and 
phonylaminc, and shows that Icucinc may lx- regarded as amyl-carbamio acid . 

C«H**NO^ - CO* + (tSchwanort.) ' 

L«uclne. Amylamlnr. 

^2. Leucine heated in contact with the air bums r^iily, and 
—3. An alkaUne solution of leucine exposed to the action of orow/, yields 
butyric acid, and other volatile faUy 

(Mnlderb When chlorine is passed into water in which hmcine is rapen^. (W- 
bonie anhydride is evolved, and a turbid solotion is formed, from “* “jl 

eeimratea. conristinit of h mixture of valcronitnlo and chloro-valeronitrilo (C*I WIN) . 
uHtoL contain 

is rapidly nbrnrhed by leucine, forming a brown viscid hqmd, whidi »t X00° given off 


i. leugme/ ■ ' y. ^ 

qiitolic wd stdphtiroafl anhjdride^ and if then diataUed with water, yielda a 
grant liquid boili^ at 97®, and forming crystalline compounds with the add sulphites 
of the alkali-metals; probably, therefore, iRaleraldehyde (Schwanert), — 6. Leucine 
heated for some time with a sufficient quantity of nitric acid, is completely resolved 
into gases, but so long as the decomposition is incomplete, the still remaining portion 
exhibits the characters of nitrate of leucine (Mulder). — 7. When nitric oxide is 
passed into a solution of leucine in nitric acid, nitrogen is evolved, and leucic acid, 
C*H'*0*, is formed (Strecker, p. 676).^ The same acid is formed when chlorine is 
passed, not in excess, into a dilute solution of leucine in caustic soda (Goss m an n). 
-—8. Chlorine gas passed to saturation intd a solution of leucine in carbonate of potas- 
sium, forms chloride of cyanogen, valerianic acid, and valeronitrile (Gossmann). 
—9. Leucine distilled with “peroxide of Tnanganese and dilute svlvhuric acid yields 
Taleronitrile and carbonic anhydride : 

C«nH'* 0* + 0* « C*H»N + CO’ + 2n’0. * 

When stronger sulphuric acid is used, valerianic acid passes over, and the residue con- 
tains ammonia. When leucine is distilled with peroxide of lead and water, only a 
trace of valeronitrile passes over, but a large quantity of butyral and then ammonia, 
which ciystallise together in the form of butyral-ammonia.— 10. By pemianganic add 
it is resolved into ammonia, oxalic acid, and valerianic acid (Neubauor, Ann. Cii 
Pharm. cvi. 69). — 11. Leucine fused with hydrate of potassium, gives off ammonia and 
hydrogen and forms valerate of potassium (Liebig, Ann. Ch. Pharm. Ivii. 127). 
12. An aqueous solution of leucine emits a very offensive odour, and forms a peculiar 
acid, perhaps leucic acid (Caliours). — In a vacuum, the aqueous solution of leucine 
appears to remain undecomposed (Gbssmann).— 13. When a solution of 1 pt. of 
leucine in water is set aside for some weeks in conflict with a quantity of moist Jihrhi, 
which in the dry state would weigh ^ pt., putrefaction takes phvce, the great<‘r 
part of the leucine is decomposed, and ammonia is produced, together with such a 
quantity of valerianic acid as cannot be wholly produced from the fibrin. (Bopp.) 

Combinations. — 1 . With acids. Leucine dissolves easily in acids, forming crystallis- 
ablo salts. The hydrochlorate, C*H**N0’.1IC1, forms crystals very soluble in water. The 
nitrate, C*H'*NO’.HNO’, called also nitroleucic acid, forms colourless needles. Nitrate 
of leucine and barium contains 41*01 per cent, baryta (Mulder). Nitrate of leucine 
and calcium forms mammellated groups containing water of crystallisation. Nitrate o/ 
leucine and magnesium forms small granular crystals. Leucine also forms a crystalline 
salt with nitrate of silver. These salts have probably the formula C«IP*NO* lVfN(P. 

2. With bases. Leucine dissolves readily in Caustic alkalis, but without neutralising 
them. The aqU(K)us solution of leucine does not precipitate the solution of any metallic 
salt excepting basic acchite of load. 

Cupric salts. — Recently precipitated cupric oxide dissolves readily in aqueous leucine, 
forming a bluish liquid, which, on c<K>ling, deposits crystalline grains or lamime 
having the colour of ammouiaciU sulphate of copper, and containing Cu0.2C*H‘’N(I’ 

Ot C*’H«CuN’0'.lP0. (Gbssmann.) 

Lead-salts. — On cautiously adding ammonia to a boiling aqueous solution of leucine 
and neutral acetate of lead, nacreous sciiles are deposited conbiining Pb0.2C*H**N0’ or 
(Strecker, Ann. Ch. Pharm. Jxxii. 89). Gbssmann obtained a 
salt of the same composition ; but in one experiment, perhaps in consequence of a 
peculiar degree of concentration, ho obtained laminated groups of crystals resembling 
lepidolito, and containing 9Pb0.2C*H*’N0’. 

Mercuric salt. — Recently precipitated mercuric, oxide dissolves very readily, and in 
considerable quantity in aqueous leucine ; and Ulj^olution, when evjiporaLtxI, deposits, 
first crystalline gnvnules and aft-erwards laminsS. Containing 47*3 per cent, mercuric 
oxide: therefore Hg0.20NH'*0’ or C'^II’GIg' N*0*.H’0. (Gbssmann.) 

Aqueous leucine is not precipitated by mercuric nitrate or chloride ; but on addition 
of potash or ammonia, a white bulky precipitate is formed, which dissolves in excess 
of p)tash : the precipitate gradually becomes gelatinous and decomposer during washing 
(Gbssmann). According to B. Hoffmann, on the contrary (Ann. Ch. Pharm. Ixxxvii. 
123), pure leucine is precipitated by mercuric nitrate in white flakes, without reel 
colouring of the supernatant liquid, the production of such a colour indicating the 
presence of tyrosine. 

Aqueous leucine added to a solution of mercurous nitrate tliiows down an abun- 
dance of white flocks, the supernatant liquid acquiring a red colour. (Braconnot.) 

IPsaadolCaolne. This aame is applied by Hesse (J. pr Chem. Ixx. 34) to a 
sulphuretted compound nearly related to leucine, found by A. Muller among the 
products of the decompM^ of yeast (p. 679). It contains 8 or 4 per cent sulphur, 
ind is perhaps It is more soluble in alcohol than leucine, and when 
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Mirifi^ eompfofely as possible, forms a white spongy mass composed of shimng 
Uminss. When cautiously heated, it si^limes almost without deoomMsition. It 
melts at 210^, and when distilled in an atmosphere of carbonic anhydride, yields, 
together with more volatile compounds containing nitrogen and nulphur, a woolly 
mass of acicular crystals resembling pblorisin, having the com]^>siUon C*H''NO, and 
dissolving in dilute soda-ley with evolution of ammonia ; tliis substance is designat^l by 
Hesse, leueonitrile. The other products of the dry distillation of psc'udulcucino 
are sulphydric acid, hydrocyanic ado, a brownish, tarry, fetitl substance, and several 
volatile liases, including ammonia, metbylanuuo, dimethylaminc, tritylaininc, and a 
considerable quantity of amylamine. ^ 

&BVOZT1U A silicate of aluminium and potassium, (KAl)Si*0*, (K'curring in 
monometric cryTJtals, the usual form being the ikt>8i-tetrahedroii or trnne/oliedron, 
hence called leucitohodron (Jig. 180, ii. 126). Clcnvjige cubic, very im^'rfcirt: surface 
of crystals oven, but seldom shining. The minenil often occurs disseminated in grains, 
rarely in granular masses. Hardness 5 5 to 6. S|.Hviflc gravity « 2*i8Il to 219. 
Ijostre vitreous. Colour ash-grey or smoke-grey, white. St n^ak uiu*oloim>d. Translu- 
cent to opaque. Fracture conchoidal. Hrittle. Infusible befen* the blowpipe, except 
with borax or carbonate of calcium, with wliielr it melts with diffituilty to a clear 
globule. Gives a fine blue with cobalt-solution. 

Analyses. — a. From Albano near Home (Klaproth, Ilifr. ii. 110). -7». Frt)m 
Poiiipii (Klaproth, ibid.). — c. From Somma (Awdejew, l*og«. Ann. Iv. 107). - 
d. From Vesuvius, eruption of 1811 (UaminolKborg, tW. xcviii. 113). e. From 
V<*suviu.s, eruption of 1846 (Rammelsbo rg, ihid.).—J'. From Uiedcii on Lake Laaoii 
(Bischof, Chem, Geologic^ ii. 2288): 


Silica . • 

Alumina . 
Potash . 

Soda . . 

Lime 

Ferric oxide . 
Loss by ignition 


66 05 
2303 
20 10 
102 


d. 

60'26 
23-26 
20 04 
0-43 
0-32 


67-84 
22-86 
12* 16 
604 
0-20 
0-14 
0-69 

Too- 1 1 


/. 

66-22 
23-07 
13-26 
6-4 0 
0-23 
0-48 

997)6 


99 97*6 100-60 100-30 

The formula (Kiil)SPO« or K*0Al*0».4Si0'^ reipiircs 66-68 silica, 23 16 alumina, and 
21*26 potash. The potash is sometimes replace<i to a considtTable exUnit by soda, as 
in e. and/. Abich found in a specimen from Vesuvius a still greater amount of sodii. 

Lcucite occurs in volcanic formations, both ancient and modern ; it is abundant in 
trachyte between Lake Laach and Andernach on the Rhino; the finest and largest 
crystals are, however, obtained from Vesuvius. Near liome, at Borghetta on tho 
north, and Albano and Frascate to the south, some of the older lavas app<'ar to bo 
almost entirely composed of it. This leucitic lava is used to form millstones, and 
millstones made of it have been discovered in the excavations at Pompeii. 

Leucite occurs altered to felspar, nephelin, and kaolin. Lcucite altcrr‘d to glassy 
felspar has been observed on Somma by Scac chi. (liana, ii. 231 ; Rammelsborg, 
Miner alchemie^ p. 646.) 

UnrOOOTOUTB. Syn. with Apophtllitr. 

ZAVOOSABMZVS. Syn. with Habminb. 

XJBVOO&ZBTB. An organic base obtaine<l from coal-tar, isomeric with chinoline, 
The two bases having this composition, the one o])tainod by the dry distil- 
lation of quinine and cinchonine, the other among those of the distillation of coal, 
were formerly thought to bo identical, yid the name chinoline was af)plii‘<l to both. 
Subsequent researches, however, having pointed out im[>ortaMt differences betwwm the 
two, especi^ly in their behaviour with iodide of amyl, tlio base obtaine<l from cincho- 
nine is now distinj^iahed as chinoline, and the coal-tar base (originally called leucol 
by Runge, who discovered it) as leucolino (see i. 869). , • 

Each of these bases has a series of homologues corresponding with it, and ditfering 
in a similar manner from their isomeni in the other series. The following namw 
have been proposed by Greville Williams (Chem. Soc. J. xvi. 377) to distinguish 
the isomerie bases of the two series : 

Cinchonine ieriei, 

Leuooline . . C^H’N • . Chinoline 

Iridoline . . . C‘*IPN . . Lepidine 

Ciyptidino . . C“H"N . ^ Lispoline 

The hi^er homolognes of chinoline, as frr as haine t&o been obtained ; the 

corresponding bases ip the lenooline aeries are at presept gEM^o^* (Proc. Soa, 

tin. 812 .) 

Voi.111. Py 
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XEUCOLITE — LEUCOPHtLt. 


KBUCOUnu Sjm. with Ptcnttb. 

XiBITCOWa Si^H*0*, — white substance obtained by the deeoinpoirition of 
silicone, Si^H^O*, under the influence of light and water (Wohler, Ann. Ch. Pharm. 
cxxvil 268). See Shjctum. 

Ijmcomc ACX]>* Ojwcroeowic octrf, C®H*0®. (Will, Ann, Ch. Pharm. cxviii. 
117; Lerch, ibid, cxxiv. 20.)— An acid produced from crooonic acid (ii. 110) by 
oxidation and assumption of water : 

C*H*0» + 0 + 3H»0 * C»HK)». 

When a solution of croconate of potassium is treated with chlorine or nitric acid, it is 
decolorised and converted into leuconate of potassium, in the latter case with evolu- 
tion of nitric oxide. , . . , . . .j-i - 

The acid [? prepared by decomposing the banum-salt with sulphuric acid] fowns a 
colourless syrup, which when heated above 100° turns vellow, and is converted into 
croconic acid. It is tribasic, and forms white or pale yellow salts, wWch are unstable, 
being easily converted into croconates, especially in presence of alkalis. (Lerch.) 

The harium-salt, C'®lI'®Ba’*0*», is obtained as a flocculent, yellowish-white precipi- 
tate by adding baryta- water to the solution of the potassium-salt, prepared as above, 
till it becomes alkaline. (Will.) 

The lead salt, C‘"lI‘®Pb*0‘*, and the silver-salt, C®H*Ag*0*, are light-yellow precipi- 

Potassium-salt. When a solution of croconate of potassium decolorised as above 
with chlorine or nitric acid, is neutralised with caustic poUsh or carbonate of potassium, 
the liquid, just at the point of saturation, exhibits a transient play of colours, from 
colourless to purple- red, bluish-red and yellowish ; and if the solution is concentrated, 
an abundant yellowish-white precipitate is formed at the same time, which redissolves 
in a large quantity of water. This precipitate was found by analysis to have the com- 
position C^IPKO", but the lead-salt obUiined from it by precipitation with acetate of 
lead exhibited the normal composition C'®H*®Pb>0*“. whence it is probable that the 
sparingly soluble potassium-salt with 1 at. metal really consisted of the tripotassic suit 
mixed with free leuconic acid (Will). According to Lerch, the solution of the normal 
potassium-salt is decomposed by neutralisation with potash, yielding a small quantity 
of a black salt, probably dihydrocarboxylate of potassium (p. 190), together with 
oxalate and a colourless crystallised potassium-salt. 

BSUOOXS’XTBXXiS. A product of the decomposition of pseudoleucine (p. 683). 

XBUCOPBAXTE. A silicate of glucinum and calcium, occurring in syenite, 
together with albito, elaeolite and yttrotantalite, on a small rocky islet near the mouth 
of the Langesundflord in Norway, where it was found by Esmark. It is trimetric, with 
imperfect cleavage in three directions inclined to one another at angles of 63 and 36j°, 
but usually occurs massive and columnar. Hardness = 3-6 to 4. Specific gravity = 
2-974. It is more or less translucent, with pale dirty green or light wine-yellow colour, 
and yields a white powder, strongly phosphorescent when heated or struck. It like- 
wise becomes electric when heated. It is optically biaxial. Before the blov^ipc it 
melts to a clear bead with a tinge of violet, becoming turbid by flaming. Dissolves 
easily in borax to an amethyst-coloured glass; in phosphorus-salt it leaves a skeleton of 
silica ; and with a small quantity of carbonate of sodium, it melts to a turbid bead, 
which, with a larger quantity of carbonate of sodium, sinks into the charcoal. With 
fused phosphoi-us- salt in an open tube, it gives the -reaction of fluorine. According to 
an analysis by Rammelsberg {^Mineralckcmief "p, 764), it contains: 

SiO* F GO At*05 Cao ^aAIgO Na*0 K*0 

47-03 6-67 10 70 1 03 23-37 *dl7 11*26 030 - 100-43 

with traces of ferric and manganous oxides, a composition which may bo represented 
by the formula, 4NAF.3(2Ca0.2G0.3Si0*). 

Mdinophanc, from the zircon-syenite oi Norway, is nearly related in composition to 
leucophane. 

xatrcOPaTEXi. A colourless substance isomeric with chlorophyll, supposed by 
Sacc (Jahresber. 1859, p. 661) to be contained in those parts of plants wnich are 
capable of turning green, and to undergo this change under the influence of oxygen 
rendered active by the agency of light. The existence of such Htubstance is rendei^ 
probable, according to Sacfe by the fact that the plasma of tho^' vegetable cells which 
quickly turn green on to light, contains a substance which instantly assumes 

a bright verdigris-green brought in contact with strong sulphuric acid, 

nnd that the same reaction by the ready-formed light green granules of 

chlorophyll itself, Whereas fli# pasma of cells which do not turn green in light, doea 
not oxjiibit it 
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ypM fCoyfMCT. Natiyo di-axseuido of iroi^ FoAs*, also called artenosid^riti 
(see p. 368). 

UliroOltCBnr. An ammoniacal solution of orcein slightly acidulated with hy* 
drochloric acid, is completely decolorised by immersing a piece of einc in it If am- 
monia be then added, a white precipitate called leucorcein is formed, which on 
exposttre to the air becomes violet, and finally purple. (See Obckin.) 

JJKUCOVUMXO AOXB. Laurent’s Oximide. (Schliepor, Ann. Ch. Pharm, 

I.) Formed when an aqueous solution of alloxanic acid (i. 138) is rapidly boiled 

down to a syrup : cold water is then add©<l, which lojivos the leucoturic acid undissulved. 
It is awhile crystalline powder, insoluble in cold water, slowly but mthor abundantly 
soluble in boiling water, whence it crystallises on cooling. It is rtmdily soluble in 
atiu^us alkalis, whence it is precipitated by mineral acids, and by the aid of hetit de- 
composes alkaline carbonates. The jKvtash-solution is decompostHt by keeping or by 
gentle heat, ammonia being evolved, and oxalic acid formed abundantly. The am- 
monia-solution yields on evaporation ery.stals of the ammonium-salt, whose solution 
precipitates nitrate of silver. Ix'ucoturic acid is not dccom|>osed by boiling with 
strong nitric acid. It api>ear8 to bo monobasic. Schliepor fimnd it to contain 3M6 
per cent, carbon, 2 80 nydrogen, and 24*61 nitrogen, whence ho the for- 

mula C’H*N‘‘^0*, requiring 31*30 carbon, 2*01 hydmgi'u, *24*36 nitrogen, and 41*74 
oxygen. Gerhardt pointed out tlie improbabilily of this formula, jih it contains an 
uneven number of atoms of hydrogen and niirogcn. B.aeyer HUggests the formula 
C*}PN*0^ which requires 33*98 per cent, carlon, 1*89 hydrogen, ‘26*41 nitrf>gen, and 
37*72 oxygen. F. T. C. 

XiHVOXtUSAW or JLJEVintOSAlor. A product of the decomposition of cane- 
sugar by heat, hanng a lajvo-rotatory power of 16*^ for the transition-tint (ii. 864). 

XiBVXOATZOir. The mechanical process of grinding the parts of bodies io a 
fine paste, by rubbing them between the flat face of a stone called the inuller, and a 
table or slab called the stone. Some Ihjuid is always nd«lod in this The 

advantage of levigation with a stone and niullor over that of triturating in a mortar 
is, that the materials can more easily bo scraptHl together and suhjectwl to the action 
of the muller, than in the other ease to that of the pestle ; and, from the tlatiiess of tlio 
two surfaces, they cannot (*ludc the prcsHur4*. U. 

A figure and description of a mill for levigating litharge are given under Lrau 
( p. 614). 

X*BVm. A hydrated silicato of calcium and aluminium, occurring in rhombo- 
hcdral crystals truncated by the basal face oH, whicli greatly pr«Mlominat4*H, and alwa]|rB 
in twins compounded parallel to oU. Anglo K : K lOG^ 4' ; oK ; K *=130*^ 1 ; ratio 
of principal to secondary axes »=* 0*8368 : 1. ’J’he crystals are oft in striated and often 
in druses. Hardness ■» 4 to 4*6. Sp<*citic gravity *=2*09 to 2 16. Jaistre vitreous. 
Colourless, white, reddish or yellowish. Transparent tx) traiislucent. Ilefore the blow- 
pipe it melts to an opaque blebby glass. Wheu pulverised it dissolves in acitls with- 
out gelatinising. 

Analyses, a. h. from Faroe, by Berzelius ; c. from Skye, by Connel ; a. from In’Iand, 
by Dumour (Rammdsberg' s Miner alchemii\ p. 802) : 

Mk*() 11*0 

99 32 
9979 
100-81 
99 30 

Ik^nw-lius* analysis gave the formula of chubusife. Dfiineurs, wlii<*h contains loss 
silica than tho rest, loads to the formula: * 

CaO.Al*0*.3SiO« + 4U*0 or (Ca"(AF)’‘JC).Si*0’».2lHO, 
which is that of a hydraleil orthosilicate. 

Lcivyne is found in amygdaloid at Glenarm j on Hatfield Moss, Bxrnfrewsliire ; at Ha- 
la nyfron, Faroe ; at Godham, Disco Island, Greenland ; and at Skagastmiid in Icxdand. 

Xjnutsouram. A variety of augite from Lake Lhorz in the J’yrenexs*, where it 
occurs both cry8talli|^ and lamellar, and of a doop-green or olive-gre<m wdour. 

UATnucs. According to W. Proctor, jun. (Am. J. Pharm. xxxi. 666), cumarin 
in microscopic prisms on the dried leaves odoraiimmat a plant 

growing in tho Sonthem States of North Amari^ , 

A imM « M » M m m w _ A native phosphate of ca«^^''4CuO.P*0* + aq. or Cu*(PO*)*, 
CuH*0*, found at Libcthcn in Hungary, and other Ibcalities. (Soo Pin>s]*iiAim) 

p p 2 



8iO* 

A1*0* 

Ca() 

N»*0 

K*0 

Mk*() 

IPO 

a. 

48*00 

20*00 

8 36 

2*86 

0*41 

0 10 

19*30 - 

6. 

47*60 

21*40 

7*90 

4*80 



18 19 -- 

c. 

46 30 

22 47 

9 72 

1*66 

I 26 


19 61 -- 

d. 

44*48 

23*77 

10*71 

1*38 

1 61 


17*41 - 


6S6 


LICHENIC ACID — LICHENS. ' 


tJLOBmnO ACXB. See Fuhabic acid (ii. 741). 

UOBawxir. (Gm. XV. 119.)— A substance isomeric with starch, occurring 

in several species of moss and lichen, especidly in the so-called Iceland moss (CetraHa 
islandica)f which is really a lichen. According to Ma schke (J. pr. Chem. Ixi 7), it is 
formed from starch by the action of the free acid in the plant. It is extracted from 
Iceland moss by macerating the chopped lichen for twenty-four houra with a large quan- 
tity of cold water containing a small quantity of carbonate of sodium, and continuing 
the treatment till the liquid no longer tastes bitter. It is then boiled with water, and 
the boiling decoction is strained through a linen cloth. The liquid on cooling coagulates 
to a kind of jelly, which dries up to a hard brittle mass (Berzelius). Pay en removes 
the bitter matter by washing the lichen successively with ether, alcohol of specific 
gravity 0*83 and 0 90, cold water, very weak solution of carbonate of sodium, aqueous 
hydrochloric acid-of the strength of 1 percent., and pure water. DavidsonfEd. 
N. Phil J. xxviii. 260) macerates 112 lbs. of Iceland moss for a fortnight witli 
potash-ley prepared from 4 lbs. of pearlash, or for six days with milk of lime prepared 
from 6 lbs. of lime, then washes with dilute hydrochloric acid, and finally with 
water. Chloride of lime may also be used for the maceration. K n o p and Schnedor- 
mann (Ann. Ch. Pharm. Iv. 164) treat Iceland moss with a large quantity of hydro- 
chloric acid, and precipitate the solution,' after dilution and straining, with alcohol. 
The precipitated lichenin is then freed from water and rendered friable by repeated 
treatment with absolute alcohol, and freed from adhering hydrochloric acid by im- 
persion in running water. 

•^Lichenin in the dry state forms a hard brittle mass, tasteless, but having a faint 
odour resembling that of lichens. In cold water it swells up without dissolving, 
dissolves in boiling water, and is deposited in the form of a jelly ; by prolonged boiling, 
however, it loses the property of gelatinising, and is converted into a gummy sub- 
stance, probably dextrin. When the solution in boiling water is left to evaporate, the 
lichenin separates as a rough pellicle on the surface. Lichenin is insoluble in alcohol 
and ether. 

Dilute acids dissolve lichenin and convert it into glucose. Nitric acid heated with 
it converts it into oxalic acid. Pure lichenin is merely coloured yellow by iodine ; but 
a green or blue colour is often produced, from admixture of starch. 

XiZCBBK’S. The following enumeration of the proximate constituents of lichens 
is given byRochlcderin Gmelin^s Handbuch, viii. 94 : 

Baomyces roseus^ Pers. See analysis by Brandos. (Berl. Jahrb. xxv. 1, 38.) 

Biatora lucida^ Fr. Contains usnic acid. (Knop, Getting, gelehrte Anzeigen, 
1843, 2 u. 3 Stiick, 16 ; and Ann. Ch. Pharm. xlix. 103.) 

Ci traria aculeata, Fr. Contains no cetrarin, but moss-starch (lichenin) and lichcnic 
(fumaric) acid. (Weppen, Pharm. Centr. 1838, No. 12.) 

Cetraria islandica, Ach. Contains: fumaric acid (Schodler, Ann. Ch. Pharm. 
xvii. 87) and cellular substance; starch not deposited in granules, but uniformly dis- 
tributed among the cells (lichenin) ; cetraric acid, lichenstearic acid, tallochlore, fat, 
sugar, gum, yellow extractive matter, a brown substance formed from cetraric acid, 
and a body not exactly determined (Knop and Schnedermann, Iv. 144). This 
lichen always contains alumina (Knop, J. pr. Chem. xxxviii. 347). It contains a large 
quantity of a carbohydrate (lichenin) convertible into sugar. (C. Schmidt, Ann. Ch. 
Pharm. li. 29). 


Cladonia digitata^ Hofifin. ) 


Cladonia macilmta, Hoffm. [•contain starch. (Knop, he, cit.) 

Cladonia uncinata, Hoffm. ) 

Cladonia pyxidata^ Spr. Contains a large qtiailtity of a carbohydrate convertible 
into sugar. (C, Schmidt, /oc. ct^.) 

Cla^mia rangiferina^ Hoffm. {Lichen ran^ferina^ L.) Contains usnic acid 
(Rochleder and Heldt, Ann. Ch. Pharm. xlviii. 13), and a large quantity of carbo- 
hydrate convertible into sugar. ^ Schmidt, ^oc. ctf.) 

Evemia furfuracea^ Mann. (Parwic/ia, Ach.) Contains usnic acid (Rochleder 
and Helot, loc, dt.). See an analysis of this lichen grown on a pine-tree, by John. 
(Chem. Sclur. vi. 41.) 

Evemia ochrokuca^Yr. (Parmc/tasurTwcwfosu, Ach.) Contains.usnic acid. (Knojv 
he, dt,) 

Evemia prunastri, Ach. Cootains usnic and evomic acids (Stenhouse, Phil. Msg. 
[3) 300). Rochleder and Heldt found lecanoric, but not a trace of usnic 

acid. , > 

Evemia vtdmna. The experiment! of Bebert (Ann. Ch. Pharm. ii. 342) on the 
ao-callod vulpmin, seem to show that this lichen eontaiiip ehtysophanic add. (Berse* 
Uns, Jahresber. xii. 266.) 
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O^rophora vuatuUUa^ Aeh. {UmhMiaria, Hoffm.) From Norway. Containa gyro- 
phone Hcid. ^tenhouse, Phil. Trans, 1849, p. 458.) 

^Isidium coralUnum, Ach. Contains a largo quantity of oxalate of calcium. (B r a c on • 
not, Ann. Ch. Phys. [2] xxviii. 319.) 

heeanora Parella^ AcL {Parmelia, Schaer.) ContaiuB: three fats, tannin, parol- 
lie acid, lecanoric acid, chlor^hyll, and gum, which gives a groeuisli-blue colour with 
iodine (Schunck, Ann. Ch. Pharra. liv. 257). Tho several spmea of lAcanora con- 
tain lecanoric acid. (Schunck, ibid. xli. 157.) 

Lecidia Candida, Ach. {Ps()ra, Dec.) Contains a largo quantity of oxalate of 
calcium. (Braconnot, loc. cit.) 

Licidia geographical Schaer. From the Brocken. Contains usnic acid. (Knop, 
loc. cit . ) 

Pamulia ciliaris, Acli. {Barrera ciliaris.) See analysis by Joh n. (Chem. Schr. vi. 89.) 
Panniiia parietina, Ach. Contains chrysopliunie acid, a yt'llow non-crystallisablo 
colouring matter (Rochledor and Heidi, Uh'. cit.), and a carbohydnite convertible 
into sugar (C. Schmidt, he. cit.) This lichen (‘onbiins : a yellow and a red colouring 
matter, wax, crystalline stearin, ehloroj*hyll. soil resin, guni, li<*lH‘nin, vegetable mu- 
cilage, sugar, extractive matter, traces of volatile oil, and phosphate of ealeiuin (Hes- 
berger, Buchu, Report, xlvii. 179); compare Sander {Lhbrr die Wandjhchte, 
Sondershausen, 1815; and Kastn. Arch. viii. 431); Monnhardl Uiharim 

pariitina Analysin ch^n. Kieloniao, 1818); Sclirdder (Berl. Jahrb. 1819, p. 44); 
Markowitz (.^dier. Ann. i. 438); Thomson (Ann. Ch. Phann. liii. 252 and 200). 
Parnidia physodcs, Ach. Cimtains crystallised physodin. (Oerding, 

Phann. Ixxxvii. 1.) . , i . 

Pannelia saxatilis, Ach. Contains a small quantity of carbohydrate eonvorllDls 

into sugar. (C. Schmidt, /oc. ct^.) , rr rr n 

Patcllaria hamatoma, Hoffm. (Parmetiu, Ach. — VateUarm rubra, Hoffm.^ 
mdia, Ach, — PateUaria ventasa, D(?c. — Pannelia, Ach.) Contain large quantities of 
oxalate of calcium (Braconnot, loc. cit.). P. htematoma and P. vvntosa contain usnio 

acid. (Knop, /oc. cf^) , , .. r i. 

Patcllaria tartarca, Dec. {Pannelia, Ach.) Contains largo quantities of oxalate 
of calcium (Br .-.connob loc. cit. ) I n a specinnai from Norway, S t on h o u “ ) 
found gA-rophoric acid. See analysis by N. v. Kserbeck (Ber. Arch. xvi. 13t>). 
Vcltigera canina, Hoffm. Contains a carbohydrate convertible into sugar. 

(C. Schmidt, /oc. ct7.) i /> i • 

Pertusaria cmnmunu, Dec. Contains a large quantity of oxalate of calcium. 
Pacodium ochroleucum, Dec. {Pannelia mxicola, Aeli.) and Placodiam radioBum, 
Dec. (Par;;w7m radiom, Ach.) Contain very largo quantities of oxalate of calcium. 

(Braconnot, /ec. ci7.) .. « . v i 

liamalina calicaria, Fr. \iit. /aatigiata. Contains large quantit ies of starch, colour- 
ing mutter and bitter substanee, and a small quantity of saechanc lujid (Berzoliu«V 
Seller. Ann. iii. 97). Contains usnic acid. (Rochledcr and Heldb loc. ctt.) ^ 
liamalina calicaria, Pv. \i\t. fraxinea. The ash contains a large quantity of femo 
oxide, but scarcely a trace of potash (.John, Chem. Schr. vi. 37); soluble and coagu- 
lable albumin (Berzeliu s, Scher. Ann. iii. 208) ; lichenin, and usnic acid (KochJeder 


and Helot, /oc. «7.) » \ 

RocccUa Montagnei, Rden. ConUiins erylhric acid. (St enhouse, b^. ctL) 
lioccdla iinctona, Ach. This lichen (var. fucifnrmia, from 
car) (Hmtains eirthric acid (Ilceren’s erythrin, Kanin’s erythnlm, ii. 502), a a y 
substance, roccellic acid, a brown substance extractable by V 

ash-constituente (Schunck, Phil. Mag. J. [3] xxix. 194). lioccdla Unctona from 


South America waa found by Stenhouso (I'hiL Mag. [.ij 
a-orscUic acid; the same lichen from the Cape of ihxA Hope con ain^ 
and roccellinin. Stenhouse and Scouler are of opinion that the liocceUa Uru^fona, 
xnt. fuciformia analysed by Schunck, was really Ji. . pt 

Sguamaria eleaana, F5e. Contains chr>'sophanic acid. (Thomson, Ann, CH. 
Pharm. liii. 266.) , 

Squamaria lentigera, Dec. {Pamulia, Ach.) Contains a very large quan y 

oxalate of calcium. (Braconnot, c/ 2.) , . • . /w..r.r.«n Tnmrm 

Sticta puhn^acca, Ach. Contains lichenin and a bitter principle (^®PP » 

Centr. 1838, No. 12) very near cctniric a<'id in comiKmition, and named sti clic acia 
by Knop Ld Schnedermann ( J. pr. Chem. xxaix. 303); comt«re John (Chem. 

UlMOanl aeulenta, Ach. Contain* • Urge quantity (13 p<T cent.) of gnm. 
(Kirehhofl Scher. Ann. iii. 213.) ’ . i 

Uleeolaria tcruposa contains a laigc quantity of oxalate of calcium (Braconnot, 
ioe.eit,) 
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Uanea harhatOf Fr. Contains usnic acid (Rochleder and Heldt, loc. cit\ and 
lichenin. (Berzelius, Scher. Ann. iii. 205.) ^ 

Usnea barbatCf Fr. var. fiorida, {Usnea Jloridaf Hoffm.) Contains usnic acid 
(Knop, loc. cit), and a small quantity of carbohydrate convertible into sugar. 
(C. Schmidt, foe. «7.) 

Usnea hirta, Hoffm. (17. harbata vky, plicata, Fr.) Contains ushic acid (Knop, 
loc,cit»)i bitter principle, gura-sugar, lichenin and a soft skeleton (Berzelius, Scher. 
Ann. iii. 203). Contains a largo quantity of carbohydrate convertible into sugar. 
(C. Schmidt, loc. cit.) 

Variolaria amata^ Ach. Contains picrolichenin (Alms, Pharm. Zeit. 1832, No. 2, 
17 ; Ann. Ch. Pharm. 1. 61.) Contains chlorophyll, and a colourless, crystallisable, 
bitter substance, forming with ammonia a rod non-bitter resin (Gregory, J. Pharm. 
Juin 1835, p. 314; Pharm. Centr. 1835, No. 39). Contains picrolichenin, two resins, 
chlorophyll, gum-sugar, bitter extractive matter, oxalate of calcium, silicic acid, ifon 
and cellulose (A. Muller, Pharm. Centr. 1844, No 47); compare Filhol and Bou- 
chard t. (J. de M^d. de Toulouse, vii. 201, and Pharm. Centr. 1844, No. 39.) 

Variolaria communis, Ach. (grown on a lime-tree). Contains waxy matter, green 
colouring matter, a bitter and acrid principle, uncrystallisable sugar, oxalate of calcium 
(47 per cent.), a substance resembling animal gelatin, &c. (Braconnot, Ami. 
Chim. Phys. [2] vi. 132.) 

Yuriolaria dealhata, Dec. {Lichen dcalhatiis, Ach.) See analysis by Robiquet (Ann. 

[2] Ixii. 236), who found variolarin in this lichen, and prepared orcin from it. 
colouring matters of lichens, see Ahchil, Frythric acid, Evernic ac'id, 
ACID, Lecanouic acid. Litmus, Orsellic acid, Orcin, Usnic acid, 

UOHBfrSrtSA&XC ACXB. C"IP^O^ (Schnedermann, and Knop, Ann. Ch. 
Pharm. Iv. 149.) — An acid existing in Iceland moss {Ceiraria islandim), and probably 
also in the fly-agaric or toadstool {Ayaricus miiscarius) (Bolley, Ann. Ch, Phanii. 
Ixxxvi. 50). To prepare it, Iceland moss is boiled for a quarter of an hour in alcohol 
containing carbonate of potassium; the sf mined decoction is mixed with excess of hydro- 
chloric acid; and the whole is diluted with 4 or 5 volumes of weter. The precipitate 
thereby formed is washed with water, and afterwards boiled ^lirec or four times with 
alcohol of 42 to 45 per cent. On cooling the alcoholic solution, a mixture of lichen- 
stearic and cetraric acids with a third substance, is separated, from which the lichen- 
stearic acid is taken up by boiling rock-oil, and again deposited on cooling, or more 
completely on partial distillation. Purification is eflfccted by recrystallising from 
alcohol, with the help of animal charcoal. 

Properties . — The acid forms a loose, white mass, consisting of delicate crystalline 
lamina} having a pearly lustre. From a solution in very dilute alcohol it is obtained 
in small rhombic tables ; on concentrating the solution, partly in oily drops. It is in- 
odorous, has a rancid, harsh, not bitter taste, melts at about 120® without loss of 
weight, and solidifies to a crystalline ma>8 ; is not volatile. 

It is perfectly insoluble in water, but dissolves readily in alcohol, ether, and oils, both 
fixed and volatile. 

The salts of liehenstearic acid are permanent in the air, and are decomposed by 
acids, with separation of liehenstearic acid. Their solutions froth up on boiling. 

Ammonium-salt . — The easily prepared solution of the acid in warm aqueous ammo- 
nia forms, on cooling, a white, elastic jelly, appearing under the microscope to contain 
a quantity of long, extremely delicate crystals. The salt, when dry, is white and silky, 
and only partially soluble in warm water, with los^ of ammonia. 

The barium-salt, C*“H*'’Ba"0«, is obtained, on pu^ipitating the aqueous lichenstcanite 
of sodium with a soluble barium-salt, as a greyish, white precipitate, which cakes to- 
gether in boiling water. , , 

The lead-salt, C"H**Pb"0*, is obtained, by precipitating tbe aqueous sodnim-salt with 
neutral acetate of lead, in white flakes, whicn, on boiling the liquid, melt to a yellow, 
semi-fluid moss. It is brittle, softens between the fingers, and becomes semi-fluid at 
100®, at which temperature also it appears to decompose. 

Potassium-salt . — A solution of the acid in aqueous carbonate of potassium throws 
down, when oc^oentrated by evaporation, yellowish flakes, which are soluble in water, 
but insolublai II alkaline liquids. If the solution be evaporated to dryness, and the 
residue extracted with boiling absolute alcohol, a part of the salt is obtained, on 
cooling) as an indistinctly crystalline powder ; and the remainder, on concentrating the 
■olution, in the form of a syrup. It dissolves e^ily in water, forming an alkaline 
liquid, which tastes like soap, and froths up on boiling. 

The »ilaer*salt is thrown down from a solution of the sodium-salt, by nitrate of silver, 
as a meyish-white precipitate, turning violet on exposure to light, and caking together 
in boiling water. It decomposes below jl6o% 
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The sodium-wdt ia obtained in the same manner as the potassium-salt. A ooncen* 
tfated aqueous solution throws dowil white granules on standing. 

A silicate found in a red felspar porphyry on Mount Vieaonai 
Fleimser valley, T^l, crystallised in six-sided prisms, without distinct cleavage. 
Hardness - 3*6. Specific gravity » 2*18. Colour greenish -grey. Fracture splintery. 
Before the blowp^ it whitens and intumesces, but does not fuse. Contains, aeeonling 
to Marignac (BibL univ. iv. 167), 44 66 p<'r cent, silica, 36*61 alumina, 1*94 ferric 
oxide 1*40 magnesia, 9 90 potash, 0*92 soda, and 6 ()6 water («» 100*38). Marignac 
regards it as pinite (q.v .) ; according to Blum, Breitlmupt, and Haidin^r, it is n pseu- 
domorph of nephelin. It has also been reganied as an altered dichroite. (Dana, ii. 
226 ; Kammefsberg’s Minerakhcmic, p. 837.) 

ZjnnXCIZTS. Calcio-uranic carbonate. See Cauhonatks (i. 798). 
lljonNXW. A substance containing 53*71 per cent, carlmn, 8*96 hydrogen, 4*82 
nitrogen, and 32*62 oxygen, found by Scherer (Jahre.sber. 1861, p. 697) in the fluid 
of the spleen, 

&XBV&XTB. Uvaik. Yt nitc. — A silioato of iron and calcium, occuri’ing in tri- 
metric crysfeils in which ooP : ooP = \10'> l^'; ol- : Poo M(i“ 'id'; nitio of princit^l 
ftxis, bruchydiiigoniil and macroiiiagoDul .= (l Oti : 1 : l-4(). Ohsirved eomliiiiation, 
OoP . P . . 00^2 . ooP3 . »P4 . QoPoo . or Poo . P . 3pac . 2l ^ oo . 2P2, 

I^itenil faces usually striated longitudinally. Cleavagt* parallel to the longer diagonal, 
indistinct. Also columnar or compact massive. Hanlness ^ 6*6 to 6. mgfio 

gravity 3 8to 4*2. Lustre subm(‘tallic. Colour black, f)f various slntdes. SirAy^|i|^ 
inclining to grey or brown. Fracture uneven. Brittle. Bef()re tin- blowmpe itmjSpifflr 
to a magnetic globule. It is easily and completely decompuKcd by hot hydrpgl(|t|W Wld. 

Analyses: 1. Stromeyev {liimmrhfMrg's ^^in^■r(lh'h^//nl\ p. 740). Raniinels- 
borg (tWtf.).— 3. Wackcrnagel {ibid.) : 

SIO* F«*0* FeO MnO fCaO Al*()' H*0 

1. Elba. 29*28 23*00 31*90 2*43 13*78 0»(>1 1*27 

2 29*83 22*66 32*40 1*60 12 44 . . 1(>0 

3. ,, 29*4 6 26*79 28*00 0*94 16*49 . . • • 

Those results do not agree very closely with any simple formula, Iml lln^ may be a))- 
proximately reproseutod by 9MO.2l*VO*.0SiO^ 

Lievrito occurs in the Island of Elba, in large s.>i.tary crysta s and aggregat.Ml crys- 
tuUisjitions in compact aiigito. It is also found at l-nssum and .^keeii in ; "J 

Siberia; near Andreasberg in the Hartz; near 1 re<iMZzo, in the ijrol, in granite , at 

iS<*hncel>erg, in Saxony ; and near Byt own, Canada. ^ , 

Kobell’s Wchrlite, a massive granular mineral from SzurraKko in Hungary, 
containing 34*60 per cent, silica, 0*12 alumina, 42 38 f. me oxide, 16*78 lerrous oxide, 
0*28 manganous oxide, 6*84 lime, and 1*00 water, is scmndimcs reganb-d as lievnte. 
It is, however, harder (hardness = 0 to 6*6). fuses with dimculty ami only on the edges, 
and is but imperfectly soluble in acids. (Dana, ii. 203.) 

UOHT. Light \Z the agent which makes us acquainted with the existence oflsidies 
through the orgw of sight It is likewise one of the most imrK>rtant 
ehange. Plants, with few exceptions, are absolutely .hqiendeiit . 

tence and development; the greater number of ainmals are 

and vigour unless subjected txi its influenci^ ; and a variety of chemical processes both 
natural and artificial depend in great measure upon its 

The several views which have been cntertaimsi res per hug the J 

W ranged under two head*, the .ystera of em laa.on ■*>■'1 th« 

The former, auggeated in ancient timea by tmi^oeh'H and 
adopted by Oa^ndi, and brought to the utmoat degiv-e of 7"’!''"' 

HuaoepUble by Newton, eappoaea light to eonaint of minute ™ ‘7"?“ 

luminoua boAea. and travefling through npace with immense 

the eve The latter theory the germ of which may be found in the writing or 
^He. slS^^hat objJ(ks are Pendens] visible by vibrations 
bodies in anSic medium, caUel the Ethfr perv^ehng 

intervals between the molecules of pondera de s les. < hnnds tif 

a^lvocated bv Deecartes, Msllebranche. and Cnnmidi ; but it was to the hsnds or 
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most of the phenomena known in Newton’s time, i^altogcther unable to account for a 
vast number of facts which have since been discov&cd. The wave-theory is therefore 
now universally accepted as the true representative of the phenomena. 

The existence of a fluid or medium, such as the thwry supposes to exist in the 
celestial spaces, may be regarded almost as a matter of certainty : for the motions of 
comets are found to bo retarded in a manner which cannot be ^counted for on any 
other hypothesis. This phenomenon has been particularly studied in the case of Encke's 
comet, which revolves about the sun in a period of three years. NofF -tbis period is 
found to be continually diminishing, showing that the comet is gradually approaching 
the sun, an effect which can only be accounted for by supposing its motion to bo 
retarded by the action of a resisting medium. Moreover, as the light- waves are 
transnjitted freely, not only through the celestial spaces, but also through air, water, 
'^lass, and other transparent media, we must likewise suppose that the spaces between 
molecules of these bodies are filled up by the ether. It will hereafter be shol^^n 
that the elasticity of the ether is different in different media. 

In the present article, after speaking of the sources of light, we shall endeavour to 
show how the wave-theory is applied to explain the several phenomena of lladiation, 
Interference, Reflection, Refraction, Absorption, and Polarisation. 

The chemical action of light will be treated in a separate article. 

Sources of Light 

The sun, the fixed stars, certain meteors, and terrestrial bodies in the states of 
incandescence and phosphorescence, shine by their own light ; all other bodies^ ter- 
restrial or celestial, are visible only when the light of a self-luminous body falls upon 
them. Our knowledge of the peculiar conditions which render bodies self-luminous 
is not very exact ; but assuming that vision is produced by undulations in an all- 
pervading ebistic medium, we must suppose that these undulations are excited by 
vibratory movements in the particles of luminous bodies. This supposition is more- 
over in accordance with the conclusions deduced from the phenomena of heat (p. 131). 
The particles of all bodies are supposed to be in a state of constant motion, and it 
depends upon the intensity and rapidity of this motion whether the effect produced on 
our senses by the undulations thereby excited in the surrounding ethereal medium, is 
that of heat alone, or of heat accompanied by light. We shall see hereafter that 
the non-luminous heat-waves are of less rapid vibration than those which likewise pro- 
duce light. Accordingly when the temperature of a body is gradually raised, it first 
gives out heat unaccompanied by light ; but at a certain temperature, the vibrations 
become rapid enough to excite in the ethereal medium, waves which produce in our 
organs the sensation of red light, and at still higher temperatures vibrations arc 
produced of a rapidity corresponding to those which excite the sensation of yellow and 
of blue light, which, together with the red, produce the combined sensation of white 
light. (See Radiation of Heat.) 

A ^dy may be raised to the temperature necessary to render it luminous, either by 
chemical action (combustion) going on within its own mas8(c. y. the burning of metjils, 
wood, hydrocarbons, &:c.), or by heat imparted to it from without, as by the combustion 
of a neighbouring body, by the electric current, by mechanical agency such Jis 
friction or percussion, or by tlie sun’s rays concentrated upon it by a lens or mirror. 
Matter in either of the three states of solid, liquid, and gas, may be brought to the in- 
candescent or self-luminous state ; flame, indeed, is merely incandescent gas ; but, as 
explained in the article Combustion (i. 1094), solid# become luminous at a much lower 
temperature than gases, and give out much mo#e light at any given temfsTature : 
hence the brightest flames are those wliich contafluiuspended particle# of solid matter 
raised to a very high tempT.itnre by the heat of Hi# combustion. 

The light of the sun and of the fixed stars is in all probability duo to incandescence; 
indeed recent observations have showm that the luminous atmosphere of the sun 
contains many of the metals which exist in our own globe, and similar observations 
have been ma<le on several fixed shirs. 

Phosphor escencc.^lAajiy bodies, under peculiar circumstances, are thrown into 
such a state of vibration that they emit light without perceptible evolution of heat, 
phosphorus, in the state of slow combustion which takes place on exposing it to the air 
at orxlinary temperatures, gives off acid vapours, which shine in the dark with a faint 
bluish light: hence the term phosphorcscnit has been extended to all bodies which ex- 
hibit ft similar luminosity, from whatever cftuse it mav arise. The phosphorescence 
of decayed bodies of plants and animals, as of dead wood and putrid sea-fish, is 
familiar to every one. The flowers of certain living plants, especially those of a bright 
yellow or red colour, siii CatcndiUa officinaUs^ Tropaiolum, nufus, Hclianihus annuus,Bad 
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Papaver orientate, haTe been obsen|ii to emit a sudden flashinff light on fine summer 
ev^ngs, a little idter sunset. Sonie plants also emit in the dark a faint continnous 
light, ^bably arising from the combustion of some substance, such as a hydrocarbon, 
emitted fiom them ; this phenomenon has been observed in the leaves of Phytolacca de^ 
rrt«<fra, which shine at night, sometimes with bluish-green, sometimes with yellowish-green 
light. The acrid milky juice of Cipo de Cananum (a Brazilian plant, probably of the 
ouphorbiaceous order) emits light for several hours, after flowing from a wound in the 
plant, BhieoWiTpha suhterranca, a plant which grows in mines, emits light from its 
whole surface, but especially from the whitish growing points, and a similar pheno- 
menon has botm observed in other subterranean plants. 

A more familiar kind of phosphorescence is that exhibited by niany living anunsls, 
as by the glow-worm and fire-fly, and the numberless small marine animals, su^ as 
Crustacea, medusae, polypora, and infusoria, which give rise to the phosphorescOnbe 
the* sea at night. In many animals the phosphoivscence is an act of thowill; in ' 
others it takes place at a particular period of life. ^ 

In nearly all phosphorescent plants and animals, the phospliorescenco appears to be 
due to chemical action, in fact to a slow combustion: for it increases in brightness in 
pure oxygen gas, and ceases altogether in a vacuum or in nitrogen or carbonic acfi||'^! 
gas ; the phosphorescence of decaying fish, however, takes place in nitrogen as well as in 

air or oxygen. , ,,t- j- v 

Phosphorescence may be excited artificially in a large number of bodies by any cause 
which sets their particles in rapid vibration ; viz., by neat, by the electric discharge, by. 
mechanical action, and by insolation. 

1. Many solid bodies become phosphorescent when thrown upon a heated surface ; 
such is the case with diamond, chalk, certain varieties of fluor-simr, oyster-shells, 
paper, flour, especially that of maize, and indeed with most well-dried organic sub- 
stances. This effect is not to be confounded with inetindesconce, for it takes place at 
tt mperatures much below an ordinary red heat; and the light emitted is generally of 
a blue or violet tint, instead of the dull nni of incipient incandescence. 

2. A lump of sugar through whicli a powerful electric discharge is passed, shines for 

several seconds afterwards with a beautiful violet light; and a similar effect is pro- 
duced on many non-conducting minerals, but not on metals or other substances of good 
conduct ing power. Substances whicli have lost the faculty of becoming phosphorescent 
by heat or by insolation, recov(‘r it after they have been subjected to repeated electric 
discharges. There can bo but little doubt that the immediaU^ effect of the dischargo 
is to throw the particles of tlie body into a state of rapid vibration, wliich is then 
communicated to tlie surrounding ethereal medium. u • i 

3. The phosphorescence produced by friction, percussion, and other mechanical 

actions, generally lasta only as long as the disturbing cause continues to act. In many 
< ;t«eH a development of electricity takes place at the same time, and to this the light 
maybe partly or in some coses wholly due ; sometimes, however, the light emitted 
appears to be a direct consequence of the vibratory motion communicated to the 
particles by the mechanical disturbance. Aduhiria struck with a hammer so as to 
split it, emits at ea< h crack a light which may last for several minutos; and when 
gnmnd in a mortar, it appears all on fire. Quartz, fluor-spar, rock-salt, and sugar 
lik-'wise exhibit light when broken or pounded. . . t. 

Light is often emitted during the change of state of bodies, especially m the passage 
frf^m the amorphous to the crystalline state, and the separation of crystals from a solu- 
tion (i. 200). * • 

4. Insolation, or exposure to the sun’s rays, develops nhosphorcscenco most easily m 

substances which are bad conductors of heat. Most calcareouH HubHtarict*8 are capable 
ef lajcoming phosphorescent by insolation : e.g. carbonate and sulphate of calcium, 
fluor-spar, petrifactions, shells, and pearls. , „ • , i . j. 

Canton s phosphorus, prepared by heating calcined oyster-shells witli sulphxir, 
after insolation a yellow light bright enough to show the time by a wateh. Tlie 
phosphorescence may even be excited by exi)osure to the light of a candle, ihe 
BolMinian phosphorus, prepared by strongly igniting heavy spar with gum-tra^cautli, 
emita, after insolation, a bright light which lasts ft.r more than a day Baudxnns 
phosphetrus (fused nitrate of calcium) emits a white light. Diamonds sometimes 
remain phosphorescent for an hour, after ex{K)surc to the sun for a few seconds only. 
Ceruin organic substances, e.g. flour, sugar, gum, white wax, and resin, also shino 
after insolation. , , . /. j* 

From recent naeardie* by E. Becqnerel, it appeers that the ndmber of bodiM 
rendered phosphorescent by insolation, is much larger than has hitherto l^cn supjwsea, 
phoaphoreacence, laating for a few aeconda, or rarefy for a few rowutoa, bo'og raihibitw 
W aumeroM minerala and aalta, chiefly with alkaline or earthy Baaea. (See iteynm a 
de Phytigue, ir. 260.) 
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For ntmiettms dot^ rdating to pliospho^scence, see Handbook 

^ ^ E^tf^ Light, The passage of electricity, when it meets with a certain resist- 

ance. is accompamed by light, more or less bright in proportion to the strength of the 
charge and the degree of resistance. As the discharge in all cases, even in the most 
highly rarefied atmospheres, such as Gjissiot’s tubes (u. 391), takes place through the 
medium of material particles, we may suppose in this case also that the light owes its 
origin to yibrationis excited in these particles by the electric action. 
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ite^sdefiltand the manner in which the vibrations of luminous bodies are tnins- 
linifayerf or undulations through the surrounding ether, it will be necessary to 
'ihdrtly the nature of undSations in general. A wave or undtdatioyi^ is 
ance excited in one part of a body, and communicated to the other parts in 
^auccession. For example, a stone thrown into water depresses the water at 
where it is thrown in ; the portion so d(;pressed exerts a lateral pressure on 
immediately surrounding it; and these again exert an upward pressure on the 
,3lC8 external to them, and form a raised circle ; afterwards those portions fall, and 
.^llinft push up other particles, l^ituated external to them, and thus the undulation 
^ntin^y spreads outwards in concentric circles till it extends to the whole surface of 
the liquid. Now it is important to notice that these particles ha\;c> no progressive 
motion ; they merely move up and down, as may be seen by observnng the motion of 
a light body floating on them: there is an appearance of progressive motion, but it is 
only an appearance, arising from the same form or state of motion being successively 
communicated to the different parts of the liquid. The wave tnivels onwards, perhai)S 
for miles, or, as in the case of the ocean tide-wave, all round the globe; bat the 
individual particles of water merely move in vertical lines through spaces not exce«‘d- 
ing a few feet. Again, in the case of the waves in air which produce sound, the 
individual particles of air merely move backwards and forwanls through small intervals, 
the motion being first excited in the particles immediately in contact with the sounding 
body, afterwards communicated by these to the next, and so on, and this communica- 
tion of the vibratory motion from partich* to particle constitutes a wave of sound. 
Here again the progress of the wave must be carefully distinguished from the in(»tiou 
of the individual particles. Sound travels through the air at the rate of about 1100 
feet in a second; flow if the individual particles of air whose vibration produces the 
sound were to rush onwards at that rate, every sound would be accompanied by a dis- 
turbance of the air amounting b) a hurricane. . .1 

Thus it is also in the case of light. The motions of the individual particles of the 
other take place through irameasunibly small spaces, but are communicated with 
immense rapidity to the next ; from these to those beyond them, and so on, even 
through the vast distances between the heavenly bodies. So long as the ether through 
which the light- wave travels is of uniform dmisity— as we must suppose it to bo in free 
space, and in media of uniform constitution, such as water, glass, and other uncrys- 
tallised bodies— the wave spreads with CHiual velocity in all directions ; consequently, 
all the particles to which the motion extends at the same instant arc situated on the 
surface of a sphere having the luminous body in its centre, and the illumination extends 
in lines at right angles to this wave-surface, that is to say, in straight lines nwliating 
from the luminous body : these lines are called rays of light. When any change of 
density takes place in the medium, the wave-surface is ntr longer perfectly spherical, and 
the rays are broken or curved according as the change of density is sudden or gradual. 

The vibrations of the particles of an elastic modii^may bo of two kinds : 1. Direct 
or longitudinal, when the lino of vibration coincides wifti, or is parallel to, the direction 
in which the wave travels onwards, as in the case of sound-waves in air. — 2. Transverse 
or normal, when the particles vibrate in directions at right angles to the motion of the 
wave, as is the case with waves in water, and with the vibrations of a stretched cord 

set in motion by drawing a bow acrass it. , , . v . 

Suppose a particle of an elastic medium to bo disturbed in ^ any direction whatever. 
This Erection will in general be oblique to the line joining this particle with the next, 
and the actual velocity of the particle may be resolved into three others, one in the 
direction of the line of junction between the two particles, that is to in the 
direction in which the wave-motion proceeds, the othfr two in a plane at right angles 
to it. The first component determines the longitudinal, the other two the lateral 
motion or vibration of the particle ; and the relative distances to which these two kinds 
of vibration are propagated depends upon the peculiar constitution of the medium. 
MHien the air is set in motion by the vibrations of a sounding body, it is the longi- 
tudinal vibrations which travel onwards, producing a series of compressions and 
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dilatations along the line of the wi^ve, and those motions ultimately reaching 

the ear, produce the effect of sound t the feteral vibrations, on tho other hand, awar 
to bo quickly extinguished ; at all events, they produce no effect upon the ear. with 
the vibrations of the luminiferous ether, however, the case is exactly reversed ; for, as 
will bo seen hereafter, the phenomena of polarised light show plainly that the transverse 
vibrations of the ether are the only ones which affect our visual organs. With regard 
to many phenomena, however, the particular directions of the vibrating particles may 
be left out of consideration. m . i, i. 

To explain more clearly the mode of transmission of the transverse vibrations of the 
ethcr-molecules, suppose that a row of these particles, a, c, d {fig. G40), situi^^ in a 
homogeneous medium, is brought by any disturbing force into ^ 

the position a' 6' o' cT. Tho sum of tho forces which hold the . * ? 

particles w, w, of the contiguous rows in their places will then be • • •• • ♦ 

alt-ered. If tho displacement itself is small in comparison with * x 

the distances between tho molecules, the forces nt riglit angles • • : 

to the line of displacement will remain unaltered; but the 
repulsion exerted by b upon n in the direction of displacement • JJj* •• 

luw increased, while that of d upon n is diminished. The same • ^ 

is true with respect to tw, and all tho particles in tho same • ^ ^ * SB 

liorizontal row, which, therefore, soon move in tho same direc- ,v ^ 

tion as a, h, c, d. This latter row of particles is, however, urged back to itfl driginai 
position, with a force equal to that with which it sot tho oilier particles in motion ; 
HO that its velocity in the primary direction is gradually destroyed, and it returns to 
its original position, which, however, it passes beyond, in consequence of the momentum 
which it lias acquired, thus performing a succession of snuUl oscillations like those 
of a pendulum. Similar oscillations are performed succeHsively by the second, thinl, 
and other rows of particles; and if by tlio time that tho first row of particles, a a 
{fig. 641), has completed a single oscillation, backwards and forwards, tho vibratory 


motion has extended as far as A, tho 

rows of particles between a a' and ^ 

b U inclusive will exhibit all pos- ^ .** 

sihlo phases of the movement. The ••••• • 

<li stance a h between two layers of *,••• *••••*• 

corresponding phase is the length 

of a complete wave; the ray r a, B < ■■ ^ ^ * •• ^ 

or tho wave-surface normal to it, ^ • * * • ^ ^ • 

traverses this distunco in tho time ^•♦***» ••• ^ 

in which the row of particles a a ••***• •••* 

performs a complete oscillation. The 

gr(«itest distance attained by any . 

l>article from its position of equilibrium during the time of a complete oscillation, is 
called tho a m p 1 i tu d e of tho vibration. It is p)iK)rtional to the greatest velocity of 
the particle during its passage through its position of equilibrium. 1 he intensity of 
tlu^ light is proportional to the vis viva of the vibratory particles, and therefore to tho 
Hcpiare of the amplitude of tho vibration. 

Velodtj of The rate at which a wave travels through an elastic mcdiuin 

is a function of its elasticity and density, and when these are known, as in tho case (ff 

sound, the rate of propagation may be calculated a priori, by the formula v « %/ s 

(see p. 41). But, in the case of light, these elements are unknown, and therefore 
the velocity can only be determined by observation. The following methods liave been 

^^V^’observationa of the Eclipses of JujAter's Satdlitvs.-'Thw method was proi)Osed 
and carried out by the Banish astronomer Rdiner in 1676. He found that, when tho 
earth is between the sun and Jupiter, that is to say, at its least distance from that 
planet, the nearest of Jupiter’s four mwns enters the shadow of the planet at intervals 
of 42h. 28' 35". Now, calculating from this the time at which the 100th eclipse should 
take place, observation showed a retardation of 15 minutes behind the calculated 
time. But in the same interval, the earth had travelled about half round its orbit, and 
had therefore increased its distance from Jupiter by nearly half the diameter of that 
orbit This then was the distance which the light from Jupiter had passed over m 
Umitmtea ; and thence the velority of light was found to be 77,000 leagues, or 167,600 
geographical miles per second. At this rate it takes 8' 13" to reach us from the sun, 
4h. lO^ffom Neptune, and about 10 years from the nearest fixed star (61 Ct/gni). 

2. By the Aberration of the Fixed Stars.— Thu motion of the earth in its orbit, wm- 
bined with that of the light coming from the stars, causes them to appear, not m tneir 
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tniadbeei^ direction of the resultant of these two ; The apparent 

ponClISis of 1 ^ ih^ stars are, accordingly, shifted in the direction^ the earth is 

inoring. Each star^ in the course of the earth’s a^mual revolu^on, describes a small 
ellipse round its true place ; for a star in the pole or the ecliptic, this ellipse is nearly 
a cMe of 20*445'' apparent diameter. The tangent of this angle gives the ratio between 
the velocity of light and that of the earth in its orbit ; and the latter being known by 
independent observation, the velocity of light is thence found to be 166,072 geographical 
miles per second, a result differing from that of Romer by less than 1 per cent. It 
must aiw be observed that Romer’s method gives the velocity of reflected light in free 
space, whereas the aberration method gives the velocity of direct light in air. 

3. Measurement of the velocity of light by smaU distances. — a. Fizcau's method. A 
toothed wheel having its teeth of the same width as the intervals between them is 
made to revolve rapidly, so that its teeth may pass through a beam of light proceeding 
from a lamp or other source, the light being thus intercepted by the teeth, and pjvssing 
through only at intervals. The light which passes between the teeth of the wheel is 
r^iected perpendicularly from a plane mirror placed at a great distance; it then returns 
the same path, and again passes between the teeth of the wheel. Now, during 
roe time occupied by the light in travelling twice over the space between the whed 
and the mirror, the wheel will have performed a certain part of its revolution ; and if 
it turns with a due degree of velocity, the light which has passed in the first instance 
between two of the teeth will strike, at its return, on the face of a tooth instead of a 
space between two tooth, so that an observer looking through the wheel in the direction 
of the mirror, will not, in that case, perceive any light. The time which the light 
takes to pass from the wheel to the mirror and return, is therefore equal to that in 
which a tooth of the wheel moves into the place previously occupied by the space 
immediately preceding it, which time is easily calculated from the known velocity of 
the wheel and the number of its teeth. If, for example, the wheel has n teeth and 
makes t revolutions per second, each tooth will pass into the place of the preceding 


tooth in 


1 


I 


. ^ ^ of a second, and into the place of the space next preceding, in of a 

second. Fizeau’s experiments, in which the wheel and mirror were placed at a distance 
of 8633 metres (between Turesnes and Montmartre), gave, as the velocity of light iji 
air, 78,841 leagues of 4 kilometres each per second. Rdmer’s method gave 77,000 


Fizeau’s method might be applied to show that rays of light of all colours (like waves 
of sound of every pitch) travel with the same velocity. This conclusion may, however, 
bo regarded as established by the fact that all the stars, whatever may be their colour, 
exhibit equal aberration, which could not bo the case if rays of diflferent colour travelled 
with dilferent velocities. 

/3. By means of a Revolving Mirror . — This method, proposed by Arago, and carried 
out inciependently by Foucault, and by Fizeau and Breguet, is similar in principle to 
that by which Wheatstone determined the velocity of electricity, and affords the moans 


Fig. 642. 



of measuring the velocity of light in a space not exceeding four metres. A line of h'ght, 
8 {fig. 642), proceeding from a very narrow rectangular aperture at right angles to the 
plane of the figure, after passing through the converging achromatic lens R, which would 
form an image of it at S', falls upon a plane mirror, mn^ capable of revolving on a vertical 
axis passing through o on the lino S S', which reflects it to a point symmetrical with S', 
as regards the mirror. At this point is placed a concave sphericiu mirror, M, whose 
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—.»T6 of flaawW •• Th» <Sa «“» *» wfleet«4^Sf 

X game Mth, Ae plane mirror, to«, which again refleoU itto 8 Ina bnUfpn* 
^idinir with the incident l^iht Jhig will be the case in aU pMitions of the mimrm^ 
««vided the light u reflected ftom it to M. As the image thus sent back to 8 would 
t confoundedwith the incident beam, an unsilvered plate of glass, ah, is pla^ m 
Moh a position, that the light faUing upon it in the diction f may be partly refl^ 
.ri. w^re it may be observed by an eye-piece furnished tnth a vertical wire. If too 
miiTor mn be made to revolve slowly, an eye placed at t will see the image of the line 
litrht at intervals, but if the mirror makes more than 10 turns m a sewnd, the imago 
will be seen continuously ; and if the eye-piece be adjusted, so that the image sh^l 
rtuncide with the wire, when the mirror makes from 20 to 30 revolutions per second, 
it will bo seen to deviate in the direction of the rotation when the rate is increased 
to several hundred turns per second ; if, for example, the mirror turns in the direction 
of the arrow, the image will be displaced from S to K, or from « to r. The cause o 
the displacement is that the mirror mn has time to revolve through a sensible angle, 
during the time occupied by the light in travelling W o to « and ^ 
the beam of light, at its second reflection from mn, is deflected from its first direct^ 
forming, with Ae incident beam So, an angle equal to twice the angular displacement 6f 

Th^ mode of calculating the velocity of light from the observed deviation is as 
follows -—Let So *» r; oo = l\ os' « T; the arc of deviation SR or or - d; also let 
n be the number of turns performed by the mirror mn in a second, and ^ the velocity 
of the light. The mirror mn having moved into the position 7 nti by Uie time tot 
the ray reflected from M returns to it, the deviation would be equal to the angle ^R, 
if the Ly were not deflected by the lens cK, or, which comes to the same thing. iMhe 
point 0 wincided with o. Suppose, first, that this is the case ; then the angle SoR is 
^ual to twice the angle a, through which the mirror revolves during the time occupied 

by the light in passing over the space 2os' = 2^ . This time is and since the 
mirror makes n turns in a second, the angle a =- The angle of deflection of the 

ray is therefore and the corresponding arc, whose radius is oS - f + /, w 

Sirnl'{r + l) 

d m, 2a.2w,oS - p -• 

But the reflected ray ie aewally deflected by the lens K. I)raw B^throngh the 
optic ylitrc c and the ^int R’, which ia the image of «' in the mirror m n . The image 
<1 B'. fomed by the La K, will then be at E, and the angle of deviation wU bo 

ScE - 8. Kow the trinnglea OK'S', cR'S', give ain R'eS' - ain 8 = and 

sin B'oS' - Bin 2a =. Hence, replacing ^the anglea 

their ainea, and aubetituting for 2a iU value wo find 8 - : and for the 

arcSE-i)-2-rr8: 

a formula which given the velocity of light M a function 

The same method aervea alao to meMuro the y ” fl, . , j 

liquid, a tube Ti^taining ^he h^jd^^^ “Va hXtT Sie^Jlg^tUld bi 

!m‘b?^lSr«a tLX/ tr «-ua -Uld not f on M'. a diverging lena 
i. placed at L to ^mpepaate f ♦>>« 

Moreover, aa the ^ the oliaervcd deviation ia only the mean 

.p«». « »d to are I -id ^ and the whole time i. Hence, dividing th. 

total apace « + w the time, we find for the mean velocity : 

„ rr(a+») 

^ - irr-TW 

r - ^ 

^ (a + Iff) F— a 17^ 

By this method it ia found that the velooi^ of light in water ia leaa than in air, a 


V(Ul')’ 
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*. 8^ hereafter, is in accordance with the^^ve-theory, while 

Vto that whic^ would follow from the theory m emission. 
Zntenallar ^ &lgfbt. The intensity of the light received by a surface from any 
given source — that is to say, the quantity of light received by a unit of the surface— 
de^ds partly on its distance fnm that source, partly on the obliquity at which the 
li^ falls upon it. 

X. The intensity of light emanating from a point varies inversely as the square of 
the distance. For, as the undulations excited by the luminous source travel with 
equal velocity in all directions — supposing the medium uniform — they may be re- 
garded as spreading out in concentric spherical surfaces of continually increasing 
magnitude ; and as these surfaces are to one another as the squares of their radii, it 
follows that the quantify of light received by a unit of surface will vary inversely as 
the square of the radius of the sphere of which it forms a part — that is to say, asothe 
square of its distance from the luminous point. 

If the luminous body is of finite dimensions, the preceding law, being applicable to 
the light emanating from each point of its surface, must likewise hold good with 
re^rd to the whole, provided the body is sufficiently distant to admit of all its points 
being regarded as equally distant from the illumined surface ; and since tlie apparent 
diameter varies inversely as the distance, the intensity of the light will vary in direet 
proportion to the square of the apparent diameter or to the apparent surface of the 
luminous body, understanding by this last term the conical angle of a cone envelop- 
ing the body and having its vertex at the luminous point. 

2. The intensity of the light received by any surface varies as the cosine of the angle 
which the incident rays make with the normal to that surface. For suppose a h 
{fig. 643) to bo a portion of the illuminated surface, so small that the rays falling 

upon it may be regarded as parallel. The quan- 
tity of light received by A B, is the same as that 
which would fall on its projection B C, on a plane 
perpendicular to the direction of the rays, and there- 
fore exposed to their full effect ; hence the intensity 
of the lightfalling on these two surfaces is inversely as 
their areas ; but B C = A B. cos A B C = A B. cos S B N, 
the angle which the incident rays make with the 
normal B N. 

3. The intensity of the light emanating from a self- 
luminous surface^ is proportional to the cosine of the. 
angle which the rays make with the normal. This 
proportion may be demonstrated in a similar maniK'r 
to the preceding, and the result may be verified 
by looking tlirough a small aperturo at an incandescent surface, as that of red-hot 
iron, and inclining it more ana more to the direction of the rays proceeding from it to 
the eye. In accordance with this law, it is found that the brightness of a luminous 
surface is independent of its form and of its position with regard to the visual rays, 
the impression produced by it on the eye being tlio same as that produced by a piano 
surface of equal intrinsic lustre, which is the projection of the original surface on a 
piano perpendicular to the visual rays : a red-hot ball, for example, seen from a distance 
looks just like a fiat disc. 


Fig. 643. 



Comparison of the Intensity of two Luminous Sources : Photometet. 

The eye is not capable of judging directly, with^y great approach to accuracy, of 
the relative intensity of two lights, but it can perfcive with great nicety whether two 
contiguous surfaces or portions of the sarao surface lire equally illuminated, or whether 
two contiguous shadows have or have not the same depth. On this principle are con- 
structed most of the instruments called FhotometcrSj for measuring the relative inten- 
sity of different sources of light 

Kumford’s Photometer^ which is very easily constructed, consists of a small 
wooden cylinder set upright in front of a sheet of white paper, also placed vertically. 
The two lights to be compared (a candle and gas-fiame, for example) are placed at the 
same height in front of the paper, and in such a manner that the two shadows of the 
wooden cylinder which they cast, shall fall on the paper close together, and that the 
rays from both of them shall meet the paper at the same angle. Each shadow will 
then be illuminated by only one of the lights, while the rest of the surface will receive 
the rays from both, and the two shadows will be of the same depth when the surface 
of the paper is equally illuminated by both lights. If then the stronger light be 
moved farther off till the shadows are equally d^k, the intensities of the two will be 
directly as the squares of their distances from the screen when that condition is fril- 
filled. 
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This Photomeljfer gires veiy exact resulta m mwy cm6M\ 
ilAtarmine the rdi^e illuminating power of a gas-flame and acil4K f di®«dty 
diff^ont colours of tte two shadows, that of the «| being Umsh- 
while that of the candle is yellowish-brown. In all su^ oases, Bunsen • 
photometer, whose indications do not depend on of shadow, is muoh more QOtt* 

"^Bun'sen's Photometer consists of a screen of tiiin writing paper stretch^ on n 
fmme. and saturated with a solution of spermaceti in oil of turpentine, except a spot 
i^Se centre about the size of a shiUing. A light of constant intensity ^ing placed 
a fixed distance behind the screen, the ungreased spot appears dwker th^ the rest 
nf the screen. One of the lights to be compared is then placed in front of the s^^ 
^ thar^refiected rays may be added to the Ught tomsmitted from behind, and 
adiusted so that the ungreased spot shall be illuminated iiwt as much as the rest of 
the* surface, and shall therefore bo no longer visible. This will 
the sun^,^ + i?, denoting by T, t, the quantities of light transmitted by on- 
/tivered nart of the screen, and the part covered by the disc respectively, and by /f, r, 
theouant^ reflected. A precisely similar experiment being then made with t^ 
oth^ source of light, the intensities of the two will be to one another as the squares 
of their distance from the screen at which the disupptmrance of the disc takes place. 
Sometimes the grease is applied only to a small circular spot iii the centre of the screen, 
which then transmits more light than the rest of the surface. 

Masson’s Electro-vhotometer. This apparatus has the lulvantage of admitting^ 
the comparison of lights of different colours. It consists of a circular disc divided 
into white and black sectors of e^ual size, and set in motion by clock-work at a unifomi 
rate of 250 to 300 revolutions in a second. If it bo then illuminated by a constant 
source of light, such as a lamp, it appears of a uniform grey tint, in cons^uence of 
tlie duration of the visual impression on the eye. But if it bo illuminated by an 
as tlie electric spark, the black and white sectors become 
distinctly visible! and appear as if they were fixed, bocauso they have 
through a sensible angle during the extremely short interval for whied the s^k 
t iniios. If now the intensity of the light afforded by the spark be 
as bv removing it to a greater distance, the source of constant light still re 
the increase of iUuniination which the spark affords to the disc 
too feeble to render the sectors visible, so that the disc still (^ntiniies to exhfl 
uniform grey tint. The relative intensities of the constant 

at which ^is limit is attained, evidently depend upon the number of the Bectow and 

The^ relSivo tetensities of two electric sparks are as the squares of the distances te 
which the disc to cause the sector to disappear whd^^ 

tlio disc is^lluminated by a constant light. On the other hand, to use the instrument 
for comparing the intensities of two continuous lighte, a succession of electric sparks 
is made^to p iss in front of the disc, and one of the constant lights is made to approach 
h UlUwCrs c'r to bo distiiiguiuhubh.. The Banio 

with the other light, the intensities of the two are as the squares of the distances 

"'Bv‘^m‘^a™'ofthi« instrumeut, M. M.w«on has dcinonstratod the following laws 

toton'ty of the ch;itric light. TuZ 

hy the discharge of which, at a constant distance, t c sp p Him 

inversely a. ti ditance between thvse surf ,wes or 

VrofcJional to the sqv^re of the striking dwtemce. of aJ 

spirk are proportional to the quantities of heat developed in a mrc forming part of tht 

of photometric oh,ervation.-l. By cjimparing the of light 

cmuSTbyThfLe n«mlH,r of flames in different 

flame oerfectlv transparent ; in fact the luminous effect of a sen^ of ciui(Ues 

Le by samniiether they are arranged in “ 

the dif-ectioi of the rays. In like manner a flat gas-flame, like that of a bat s wing 

onc^f\\^Ko“nTl^^^^ brightne^ ^rTatl^tor^wh:: 

lights is placed 8 times as far from the screen ns the ow"'— 

the nearer*^ light iUuminates the screen 64 times as strongly as ® ^ 

atmeara th^light e manating from any source becomes imperceptible in pr^^ o 
64^^ as strong ; the disapps-wanM of the stars 
fore, tlmt the diffhsed liglt of the earth’s atmosphere must be at least 64 times a. 

toueh one another, the intanaity Of tha 


Wax taper of 100 grm. 
Stearine candle 
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eombmei Same a geeatplhawfmiif ihei0eaatiee of the Bepmte flan, .. . 

Obswred by Franklin, »Ppeaw to be due to the inctoaeed temperatn»]! 
tbe TOHrt wberetbe ftames overlap. Kumfoid found, that a numW of flat eottoa 
jmaLmted with oil gave a much greater amount ofhgbt when they ^ere pC 
nearly h contactp than when they were sepamted On the same principle, 
AMgo and Fresnel have eonstruded lamps for light-houses, in which a number of 
concentric wicks are arranged with small spaces between them, through which a cur- 
rent of air is made to pass by the draught of a chimney* The Aame being transparent, 
a considerable amount of light is thus obtained within a small space. 

4 . The photometric method serves also to determine the illuminating equivalents of 
different light-giving materials. Eumford found that 100 pounds of wax burnt in the 
form of a taper, were equal in light-giving power to 101 lbs. of tallow, if the candles 
were well snuffed, and 229 lbs. if the wicks were allowed to grow long; to 100 lbs. 
of olive oil burnt in an Argand lamp, and 129 in a lamp burning without smbke; 
also to 125 lbs. of rape oil, and 120 lbs. of linseed oil in a common lamp. P^elot 
oaiculated the following table of the expense per hour of various modes of illumination, 
yielding a quantity of light equal to that afforded by a gas-jet burning at the rate of 
6 centimes per hour : 

Cenlimet. Centime. 

Carcel lamp . . • .5*8 

Candle of 82 grm. . . .9-8 

Candle of 10 grm. . • •12*0 

It appears from this comparison that gas is the most economical of all illuminating 
materials. The results depend, however, in a groat measure on the facility of access 
of air to the flame, the form of the wick or burner, and the length of the flame. For 
numerous determinations of the illuminating equivalents of various kinds of gas, and 
othew light-giving substances, see [/res Diet, of Arts, ^c., articles Coal-gas (i. 734) 
b^UMIMATION (ii. 493). 

Znterfsrence. 

two or more waves pass over the same part of a medium, each of them affects 
iRieparticles of the medium disturbed by the other just as it would have affected the same 
particles in a state of rest. Consequently, the state of any particle affected by the two 
waves at once, will be the same as that which would have resulted if it had been first 
disturbed by tlie one wave, and then the second had acted upon it while in that dis- 
turbed state. Thus the height of the tide is found by calculating the heights to which 
it would be raised by the sun and by the moon acting separately, and taking the sum 
or difference as the case may bei. 

Suppose now two waves of equal breadth and intensity (equal height in the case of 
^at-er) to proceed from the same, or nearly the same point, and travel onwards one 
after the other ; then, if they meet in such a manner that the phases or alternations of 
the one coincide with the phases or alternations of the other, the result will be a com- 
pound wave, having the sum of the intensities of the separate waves ; this will be the 
ease if the paths along which they travel before meeting are of equal length, or if one 
exceeds ilie other by any exact number of whole undulations, as in^i^. 644 ; but if the 
phases of the one are exactly opposed to the phases of the other, which is the case 


Fig, 644. 



when the one wave is behind the other by any odd number of half-undulations, as in 
fig, 645, a wave will' be produced whose intensity equals the difference of the intensities 

Fig, 645. 



of the separate waves, and if these are equal, the vibratory motion will be completely 
destvoyea and the particles of the medium brought to rest along the whole line of the 
combined waves. If the paths of the two waves do not differ by any exact number of 
half undulations, even or odd, the result will be intermediate between the two just 
^opsiderod, intensity of the oombined wave being always less than tiie sum and 


neater the diffisrence of the separate wa^« %is coii|po(tition or superpositldii 
of oblations is oidled I nterf erenoe. In order that it maj^ke place along a whole 
line of wave, it is clear that the component waves must be of the same breath, and 
that they must proceed from points very near each other, otherwise their paUis wfll 
intersect only at isolated points. 

Let us now enquire whether these principles are, applicable in the case of light If 
light consists of undulations, and these undulations are governed by ordinary me- 
chanical laws, it must follow that two rays of light may meet one another in such a 
manner as to counteract each other’s action and produce darkness ; and such, in fact^ is 
found to be the case. 

Suppose s, s' {jig. 6-46) to be two radiant points very close tog(‘thor, and producing 
in the luminiferous ether, waves of the same length (of red light, for example) and 
always in the same phase of 

vibration at the instant of Fig. 646. 

starting from these points. 

Imagine also two series of 
spherical wave-surfaces hav- 
ing the points s, s' for centres, 
and with radii increasing suc- 
cessively by half the length 

of a wave = These sur- 

faces will cut the plane of the 
figure in two systems of arcs, 
wliieh will intersect one ano- 
ther in the manner shown in 
the figure, in which each two 
consecutive arcs, one repre- 
sented by a full, the other by 
a dotted line, are separated 

by the interval and each 

pair of alternate arcs (both 
full or both dotted) by the 
inten'al A, or a whole undula- 
tion. 

Consider now the point situated on the lino Art, drawn perpendicular , throuf^ 
its middle point A. The' two rays being^ of equal length, are in tho same 

phjise of vibration: consetjuently their intensities will be added to one another and will 
produce increased light, and the BUtne efifect will bo pro<luccd at c, c, and at all tho 
intersections of tho continuous arcs, where tho diflfiTenee in length of the rays 
proceeding from the j>oiiit8 s, s' is equal to any multiple of A or to any oven multiple 

of But at n, n' or any other intersections of a continuous and a dotted arc, where 

the difiference in length of tho niys sn, s'n^ &c., is equal to or any odd niulti{>lo 



thereof, the rays are in opposite phases, so that their vibrations act against one 
another, and the amount of light at those points is less flian it would be if only 
c*ne of tho rays arrived there. The distance between the points s, s lieing very small 
compared with A a, tho surface anc is very nearly plane, so, that it a white sereieii 
l»o placed there, a succession of luminous pcants, a, c, c, &c., will bo formed upon it 
separated by dark spaces, n, w', &c, i- i . 

If the sources s', instead of being luminous points, are lines of light perj>en(iicnlar to 
the plane of the figure, a series of alternate light and dark bands, or fringes, will bo 
pro(iuccd parallel to those lines. , , , . 

The conditions essential for exhibiting these eflTwts are, that the two luminous 
sources s, s' shall be very near one another, ami tligt the waves emanat ing from them 
shall always be simultaneously in the same phaso.^ These conditions are most easily 
fulfilled by the following arrangement devised by t regnel : — 

A beam of light entering through a rectangular slit in the shut ter of a darkened 
and passing through a plate of red glass, is conclenscd at S t>o a very fine line of light, 
by a cylindrical lens L (jig. 646) of very short focus. The rays ihvn^ cross each other, 
and fall upon two plane mirrors Itn, hn', placed together at a very obtuse angle, aiul 
having their line of intersection parallel to tho line of light. Tlie rays, after renectiofi 
from t^ese mirrors, proceed as if they luid originally issued from two points a, s, 
situated symmetrically to the point S, behind ca<m of the mirrors. The mirron beutg 
You IIL Q Q 
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placed neirir in one plane, the points s s' are very close together^ ao that all ih» 
conditions are foUUled for the production of light and dark fringes on the screen, 


as abore described. . - « - , 

Instead of reflecting the light diveiging from S from two plane mirrors, it may 
be made to pass through a glass prism having a very large refracting angle. The 
fringes also, instead of being received on a screen, may be viewed through a telescope, 
and their angular breadths estimated by micrometrical measurement. 

If the beam of light proceeding from one of the points s, s', be intercepted, the whole 
of the fringes disappear, and the light from the other source produces a uniform 
illumination on the screen, plainly showing that the fringes are produced by the com- 
bination or interference of the rays proceeding from the two sources. 


Measurement of the lengths of the waves of The breadths of the fringes 

having been ascertained, as above described, an easy calculation gives the lengths of 
the waves of the particular light by which they are produced. In fig. 646, the lehgth 
of the wave X is equal to the distance za. Now the curvilinear triangle azc may be 
regarded as a right-angled triangle, whose hypothenuse is the distance from the 

centre to the first bright lateral fringe. Moreover, the angles zca and sas' = w 
are equal, because their sides are respectively perpendicular to one another: hence 

X a* 6 sin CD. 


Hence to obtain the value of X, it is sufficient to measure the angle sas' with a re- 
peating circle, and the distance ac with a micrometer. A more exact mode of deter- 
mination will be described hereafter. 

The length X is proportional to the distance ac. Now the breadth of the fringes is 
found to be greatest in red and least in violet light, and of intermediate breadths for 
the intermediate colours of the spectrum : hence also it follows that the lengths of the 
waves are greatest in red and least in violet light. 

The formula X ** -, in which v is the velocity of light, and n the number of vibra- 
n 

tions per second, shows that the vibrations are most rapid in violet, and least rapid in 
red light. 

The length of the wave and the rapidity of vibration of the particles of the ether 
determine the colour of the light, just as the length of the sound-wave and the rate of 
vibrations of the particles of the air, determine the pitch of sound. 

The following table exhibits the wave-lengths and the number of vibrations per 
second of the mean rays of the several colours of the spectrum, and of the principal 
Axed lines : 


Fixed linei and 
colours. 

Values 
of X In ten- 
thousandths 
of a 

millimetre. 

Number of 
vibrations 
per second in 
millions of 
millions. 

Fixed lines and 
colours. 

Values 
of A in ten- 
thousandths 
of a 

millimetre. 

Number of 
vibrations 
per second in 
millions of 
millions. 

Line B . 

6-88 


Moan green 

612 

601 

Line C . 

6-66 


Line F 

4-84 


Mean red 

6-20 

497 

Moan blue 

476 

648 

Line D . 

6-89 

, 

Mean indigo 

4*49 

686 

Mean orange . 

6*83 

628 

Line G 

4-29 


Mean yellow . 

6-61 

529 

Mean violet 

4-23 

728 

Line E . 

6-26 1 

• • 

Line H^ . 
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The expression b « -r^, which gives the IfrAidth of the fringes in terms of the 


wave-length and the angle shows that for each colour they are broader in propor- 
tion as that angle is smaller. If it is too large, that is, if the distance s s' is too great 
in proportion to A a, the fringes disappear altogether; they are still visible, however, 
when this angle has a magnitude. of several degrees. 

The fringes being of different breadths in the different coloured lights, and white 
light, as vSl hereafter be shown, being a mixture of all the colours of the spectrum, 
it follows that when the preceding experiment is made with white light (sun-light, 
the electric light, or the Ume-light), the bands produced are not simply bright and 
dark alternately, but exhibit a succession of colours produced by the combination of 
the simple colours in various proportions, and not separated by any absolutelv dark 
bands. Moreover, these coloured fringes are much less numerous than the simple 
light and dark bands produced by homogeneous light, because the breadths of the 
rimide-ooloured fringes of which they are composed do not vary proporrionally to one 
ano^er, as their distance from the centre increases ; hence, they ultimately become 
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mixed, and x«pioditoe white light ^ven the simple hinges formed in homogeneoiit 
Ikht become Wi and less distinct as they recede foom the cen^ and ultimately dis- 
aopear when the diflference between the lengths of the rays which form them becomes 
eouri to a certain number of half-undulations. The cause of this disappearance is, 
Sat the light used in the experiment is never absolutely homogeneous, and that the 
,pant of pSfect equality between the lengths of the waves which compose it> ultimatelv 
makes itaSf perceptible, the fringes of different breadths overlapping and effacing each 
other in the same manner as when white light is used, though at a much greater 
distance from the centre. Whatever kind of light is employed, the fringes are more 
distinct and numerous in proportion as the line of light is narrower, provided it be 
wide enough to give the required amount of illumination ; for it is evident that a 
broad aperture may be regarded as a number of narrow ones placed side by side, each 
producing its own set of fringes, which, as they do not coincide in position, will overlap 
and ftfiace each other more or less completely. 

If a very thin plate of glass, mica, selenite, or other transparent substance bo placed 
in front of one of the mirrors {Jig. 646), so that the rays proceeding from one of the 
TX)ints, a, s\ shall be obliged to pass through it before reaching the screen or telescope, 
the whole of the fringes will be displaced towards the side on which the transparent 
plate is situated, so that the central fringe a will no longer bo opposite to A.^ Suppose 
the displacement to be towards the right of the figure; then the line sa will bo 
shorter than sa. Now, as the two rays forming tliis central fringe must contain the 
same number of wave-lengths, it follows that these wave-lengths are less in the more 
highly refracting substance (glass, &;c.) than in the air. The velocity of the light is, 
therefore, diminished in the more highly refracting medium ; and experiment shows 
that the retai^ation thus produced is greater as the refracting power is groator. Thia 
result is in accordance with the direct measurement of the velocity of light in air and 
water (p. 696), and likewise, as we shall presently see, with the law of refraction. 
Moreover, as the velocity of transmission of vibrations in an clastic medium is related 

to its elasticity and density by the equation v* = J , it follows also that the elasticity 

of the ether is least, or its density greatest, in the most highly refracting media. 

The transparent plate used in the experiment just described must be extrf;mely thin; 
otherwise the fringes will disappear altogether, just as if an opaque screen had been 
interposed. A thicker plate would, in fact, shift the fringes beyond the space in which 
the two systems of waves meet each other, namely, the space botinded by the two 
straight lines passing through s, a' and the intersection, I, of the mirrors. 

Diflkaotlon, The principle of interference servos to explain some very remarkable 
and beautiful phenomena which are observtMl when light passes by the edge of an 
opaque body, or through a small aperture. The cffi'cts thus produced consist in this, 
that the light bends to a certain extent within tho geometric shadow bounded by 
straight lines drawn from the luminous point through the edges of the opaque bo<ly, 
just as a wave in water will turn the angle of a wall, or spread itself tlirough a hole 
in any fixed obstacle. The result is the formation of a nunjbor of alt(»rnate bright and 
dark bands or coloured fringes, somcitimes within the shadow, sometimes beyond it, 
sometimes in both places at once. These effects, formerly known as Inflection, but 
now called Diffraction, admit of complete explana- 
lion on the wave-theory of light, but are quite inexpli- ^ 

cable on the theory of emission. 

The explanation of diffraction on the undulatory 
theory depends upon the general principle first enun- 
ciated by Huyghens, that — I'h-e vibrations of a vmv<‘, w® 

of lights at each of its points, mag he regarded as the j/ ) A# 

resultant of the elementary mxmnwnis which wovld 
communicated to it^ at the same instant, by all the parts 
of the same wave in any one of its previous positions. 

For it is evident, from the elasticity of the ether, an<l \ \ \ / // 

the facility with which vibratory movements are trans- \ \ \ / // 

mitted tlirough it, that its particles do not vibrate \ \ \ / / / 

independently of each other, but that each may be \\ \ I / 

regarded as a ceiitre of disturbance with regard to all \\ I// 

around it. Consequently, each point of a spherical \\\ uj 

vave, mn (fig. 647X will produce by its vibration, a ^ 

numl^rof secondary spherical waves, which, spreading ^ 

out with the same rapidity, will have for their en- p 

▼eloping surfoce— that is to say, for the general sur- ^ ^ 

face of the wave as it spreads outwards— another spherical surface, m n , ooneentna 

with the former. Hence the vibration imparted to any point P, by the wart 

u Q 
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when It xeaebefl that pointy may be regarded as the resultant of all the secondary- 
disturbances emanating from the several points of mn. 

To determine the manner in which the movement of P is affected by the sevenil 
points of the wave in any of its previous positions, draw sP, cutting the wave mn in A 
648), and designating the distance AP by 7 , describe, from P as a centre, and 
with the radii 7 f 7 + 7 2 . JA, 7 + 8 . Jx, &c., 

Fig» 648. a number of arcs cutting the wave in the points 

fl, hf Cy . and draw the straight lines Pa, 

Vby Pa, &c., which evidently differ from another 
by half a wave-length. Then it will be found that 
the intervals Aa, ah^ &e, are not equal, but con- 
tinually diminish from A towards m. Further, 
for every point in ah, there exists a point in ka, 
such that the lines drawn from these points*to P 
differ by Ja, and consequently the waves enuinating 
from these points to P will be in complete discord- 
ance. Hence, if Aa were equal to ab, its effect 
on P would be completely neutralised by ah ; but 
this not being the case, ab can only neutralise 
part of Aa, and there remains a portion of the arc 
Aa, which produces a certain degree of illumina- 
tion at P. There is a further reason why ah neu- 
tralises only part of Aa, and that is, that it acts 
more obliquely. Similarly, cd will neutralise a 
part, but only a part, of the action of be. Hence, 
it will be seen that the illumination produced at 
P by the half-wave km is the sum of the effects of 
the arcs of uneven order over those of even 
order, counting from A. In all cases, however, it 
is only necessary to take account of that part of the wave which is very near to the 
line sP: for at a greater distance, as at m, the arcs kl, Im become very nearly equal, 
and, moreover, their action on P is very oblique — for both of which reasons their 
effect on P may be neglected. The arc kn acts exactly like km, so that if the 
illumination produced by km bo denoted by 1, that of the entire wave mn will be 
equal to 2 , 

The arcs Aa, ab, &c. are called elements of interference, and the point A is 
called the pole of the point P. 

The direction of vibration of the ether-molecule P at any instant is determined by 
that of the first element Aa, of the half-wave km \ and if this portion were intercepted, 
the point P would then vibrate in the direction determined by the movement of ah, 
which is opposite to that of Aa. Hence, it appears that the action of Aa on P is greater 
than the resultant actions of all the remaining elements, ah, be, &c.: for the motion of P 
changes its direction according as the element Aa acts upon it or not. The same is 
true with regard to each of the elements ah, he, &c., the action of each one of them 
on P being greater than the resultant of all b»‘yond it. 

Now, suppose part of the half-wave km to be intercepted by the inteiposition of an 
opaque screen ; then the arc ab. which destroyed a great part of the effect of Aa, is 
removed, and the point P receives more, light than it did before: for the effect of ab 
is greater than that of all the rest of the wave, ffom b outwards, taken together.— 
Next suppose the screen to terminate at b\ them since ab destroys the greater part of 
Aa, and the rest of the wave is intercepted, P wA now receive less light than it would 
if the screen were not there. In the same maui^i it will be found that whenever the 
screen is so placed as to leave an odd number of" elements of the wave free, the point 
P will be more illuminated than it would be if the screen were not there, and the 
contraiy if an even number are left free. 

These principles lead immediately to the explanation of the phenomena of diffraction, 

1. Fringes produced by rays passing along the edge of a screen . — Suppose a beam 
of homogeneous light proceeding from a luminous point S {^fg. 649), or better from 
a fine line of light passing through S at right angles to the plane of the figure, to pass 
by the opaque screen AB, of indefinite extent towards B, and fall upon another screen 
CD, covered with white paper. The boundary of the geometrical shadow will be 
determined by the straight line SAP. The light received at P will proceed from the 
half-wave km, and may be represented by 1 ; and from the preceding explanations it 
follows that the points c, c', &c., so situated that Ac — ac =* JA; Ac'— <fc' *s|A, will 
receive more light than if the screen were not there, and will therefore be the centres 
of Mght fringes ; and on Ae contrary, the points n &c., for which An - foi =» A 
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— 6V « 2\, &c., will receive lesa light than if the screen were awav, and will 
therefore be the centres of dark fringes. The general result may be thus stater 


Fig, 64C. 



The presence of a screen increases the intensity 
of the light at every point so situated that the 
broken line (SA, Ae for example) passing to it 
from the source of light by the edge of the screen 
exceeds the straight Tine (8c) draNvn to it directly 
from the luminous source, by an odd number of half 
undulatfons, and diminishes the intensity of the 
light at every point so situated, that the broken 
line (SA, An) proceeding to it from tin' luminous 
point by the e<lge of the screen, exceeds the straight 
linejoiniug it with the luminous j^oint, by an emm 
number of half-undulations. 

In this manner, a succession of briglit and 
dark fringes are produced b('yond tlni geometrical 
shadow of AB; they may either be received on the 
screen CD, or viewed by a telescope direct(*d to the 
edge A, the latter being of course tlie better method 
for exact measurement. They becom(‘ less and less 
distinct as their distance from the edge of the 
shadow increases, because the successive arcs An, 
ab, bd, &c. do not neutralise each other’s action 
completely, so that a small quantity of light always 
mixes with the dark fringes, increasing in amount as they are more distant from P. 
Finally, at points situated so far from P that the portion of the lialf-wave intercepted 
by the screen is too far from the pole // to produce a sen8il)le eff(‘Ct, the fringes disappear 
ultogether, and the surface of the screen b(‘Comes uniformly illuminated with light of 
intensity = 2. 

The fringes are broadest in red, and narrowe.st in violet light; and in white light 
fringes of compound colours are fornu'd, as in th<^ experiment with the mirrors. 

The locus of ouch fringe, light or dark, considered at ditfenmt distances from the 
luminous source, is a hyperbola, having the points A, 8 for its foci. The dark fringe 

for example, of the yy/th order, gives An — fm >=• m . iK ; and subtracting these 
equal magnitudes from 8b = .sA, we have sb — Aw + bn, or 8n — An « aA — w . lA. 
Tin; difference sn—An is therefore constant, whatever may b(^ the length of Al^; 
consequently, the locus of the point n is a hyperbola whos<‘ foci are A and S. 

There is also a certain quantity of light within the gconwirical ehadow. For any 
fK)int p situated to the right of P (Jig. 6 It)) receives light from a certain portion of the 
wave AoA ; but this portion is smaller and fartln^r from the corresponding pole, as p 
is more peraot<* from P ; hence the brightness of the light diminishes rapidly from 
the edge of the shadow inwards; but the diminution is continuous and no fringes are 
produced. 

Fringes at the edge o f a Mirror. — Rays reflected from the edge of a plane mirror 
inclined to their direction, proceed as if they had originally issued from a lino of light 
situated symmetrically behmd the mirror. The space bcfyond the mirror may there- 
fore be compared to the opaque scr(*en in the experiment last described : hence tlio 
fringes are produced towards the surface of the mirror, whilst a continuous light is 
visible for a short distance beyond it. 

2. Fringes produced hy narrow rectangular apertures. — Light passing through such 
an ajK'rture may form fringes in the beam of light itself and in the shadow, separately 
or together, according to the width of the slit and the distance at which the fringes are 
viewed. They may be observed by means of a very simple apparatus, consisting* of 
two tlun plates of copper fixed in a small frame, one of them being capable of sliding 
backwards and forwards, so as to vary the width of the aperture at pleasure. On look- 
ing at the fiame of a candle or other source of light through the slit, brilliant colourwi 
fringes are seen parallel to the edges of the slit. These fringes Jire also veiy dis- 
tinctly seen on viewing the fiame of a candle between two fingers held up so as to 
leave a very narrow space between them. 

Internal Fringe^.-— Let AB (Jig. 650) be the slit, S the source of light, rendered homo- 
geneous by passing through a coloured glass ; and suppose in the first place 
screen A'B', on which the light is tlirown, is placed at such a distanccf that AP — or 
and BP - oP« Jx ; then all the point of the part AB of the wave-surface will ^ in 
®<5oordance with each other, and there will be a bright band at P. The ^*1 hp 
the case a fortiori^ if the screen AHA' is still farther removed, as to A . B^ it 
Ibe screen be moved to a shorter distance from the slit, such that AP — oP i» 
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more than and equal to n times ix, then if n is even, each half of the wave AB 
•IPAjr be divided into an even number of elements of interference, whose actions 
destroy each other two by two. There will then bo a 
Jftg, ooO. central point P. If, on the other 

hand, n is odd, there will remain ope element whoso 
action is not neutralised, and the central band will be 
bright. Hence, as the screen is gradually removed 
farther from the aperture, the central band will be 
alternately bright and dark, until the distanced such 
that AP — oV = |A, at and beyond which it will bo 
always bright. The same alternations may be produced 
by diminishing the width of the aperture AB, while the 
distance eP remains constant. . 

There are also fringes in the beam of light to the right 
and left of P. Suppose that the distance of the screen 
is such that the central band is bright, and AP— oP ». 
ix, and let w be a point such that Bn — An = 2 . ix. 
The arc AB may then be divided in a, so that 
riB — na— na—nA = Jx. The vibrations communicated 
to n by the two arcs An, nB will then destroy one 
another to a great extent, so that there will bo a dark 
band at n. At c, so situated that cB— cA = f X, tliero 
will be a bright band, because the arc AB may then 
be divided into three elements of interference, and so on. 
A pTMieely similar explanation applies to the case in which the central band is dark. 

The interior fringes recede farther from the central point P, as th5 distance of 
the screen is greater in ju'oportion to the width of the aperture ; and wlnm the screen 
is placed at such a distance* that BA" — AA" = Jx, the first dark band will bo at A", 
and consequently there will be no fringes within the beam of light passing through tho 
aperture ; the distance of the screen at which they cease to be produced is less as tho 
aperture is narrower. 

External Fringes , — The mode of production of tlicse fringes is similar to that of tlie 
internal fringes just considered. Any point N, within the shadow on either side, will 
be a centre of a dark or a bright band, according as NB — NA is equal to an even or 
an odd number of times ^X. These external fringes rapidly lose their distinctness astliey 
recede from the edge of the geometric shadow, and disappear altogether when the slit 
is so wide that the vibrations emitted from tho point B are no longer sensible at A. 
For the simultaneous production of external and internal fringes, therefore, the aperture 
must be neither too wide nor too narrow. 

The loci of both the external and internal fringes are hyperbolas having their foci 
in A and B. All the fringes are broadest in red and narrowest in violet light, and in 
white light are piade up of bright bands of various colours. 



3. Fringes 'prodtcccd by two narrow slits very close together . — The two beams of light 
interfere and produce fringes, precisely as in Fresnel’s experiment with the mirrors. 
This, which is Young’s form of the experiment, is similar to that by which Grimaldi 
originally showed that light added to light may produce darkness. 

4. Fringes produced by very narrow screens . — In this case also fringes are produced 
both within and without the shadow. A hair or a thia.wire held between the eye and tho 
flame of a candle or a bright line of light, exhibits ^ese fringes very distinctly. Supjposo 
that the screen A B, instead of being of indefinitr extent towards B. as in fig. 649, is so 
narrow that tho light passing by each of its e^es A^B {Jig. 651), goes beyond tho 
middle of the geometric shadow AH' ; tho rays will then act ujion each other so as to 
produce fringes within the shadow, independently of those beyond it. The latter are 
also modified, because the points at which they are formed likewise receive light from 
the opposite edge of the narrow screen, which contributes to their formation ; in fact, 
on interposing an opaque body so as to cut off the light from one edge of the screen, 
the external fringes immediately alter their appearance, and the internal ones disap- 
pear altogether. 

Formation of the internal fringes.-^i the screen AB {^fig. 651) is not extremely 
narrow, the internal fringes differ but little from those which w'onld be formed by 
two slits placed at A and B ; for the direction of vibration at any point n within the 
shadow is then detennined by the action of the two elementary portions of the wave 
immediately contiguous to A and B. When tho screen is extremely narrow, the result 
is the same, excepting that the effect of the first elements of interference Ao, Ba, of the 
arcs A<f, B^, being motlified by’the other portions of these waves, which partly neu- 
tralise their action, the points, o, o', from which the resultant actions of these wares 
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A«'l)e ooMideped as proceeding, are situated somewhat closer to A and B than they 
SoJld be if the portions of the wave beyond a and a' were cut pflf. At any point 
• within the shedow, there will be a lighter a dark _ 

b»nd (in homogeneouB light), according as on - ^ is s'* 

eaual to an odd or even number of half undulations. J 

point P in the middle of the geometric shadow, ii 

being p^ectly symmetrical with regard to tho arcs / \ 

Ad nd, receives from them accordant impulses, and is / \ 

th^far« til® centre of a bright hand. / \ 

The fringes are wider apart in proportion ns A B is / \ 

smaller, because in order, to obtain a given difference / \ 

of length in the rays ow, on\ the point n must then be / \ 

taken farther from P. This may be verilied by viewing / \ 

a nWle held parallel to a bright line of light; the L 

fringes are then much broader near the point than near 

the eye. \\ \ 1 • / * 

5. Frinaes •produced hj scrceus or apertures which are \\\ 1 \ ^ 

vtrv small in all direction. -^The effects in this case \\\l J (W\ 

are much more complicated than in those above consb ml U// \ 

dered, where the edges of the screen or aperture are W. M \ 

supposed to be straight, and so much elongatwl that it 1: M \ 

is sufficient to consider the effect of the cylindrical wave \ 

situated in a section at right angles to the screen or IjT 

aperture. But in the case now under consideration it is ^ Jj. — 

n^ossary to consider the actions resulting from all the 

points of the free surface of the wave, and the problem b(‘Comes too complicated to be 
treated without the aid of the higher analysis. Wo shall therefore merely enumerate 
the effects produced in a few of the more simple cases. 

When rays proceeding from a luminous point pass through rt^wG//ct>cw/ar aperture 
circular fringes arc formed, both within and beyond the geoimdric imago. The 
circular aperture may in fact be regarded as a inmibor of very narrow reciilmeal 
apertures radiating from the centre. In lioniogeneous light the rings are equidistant, 
and their diameters are inversely as that of the aperture, excepting that the distance 
from the centre to the first ring is loss than that between two consecutive rmgs. Ihe 
centre is bright or dark, according to the proportion between the size of the aperture 
and its distance from the screen, and .‘ither the external or internal rings may disiip- 

pear according to these dimensions. « i- cji 

A small circular screen also produces friiige^s similar to those of the linear binges 
formed by a narrow rectangular screen. At certain distances, the centre of the shadow 
is as bright as if the screen were not there. i ^ *4 

A small rectangular aperture forms two series of fringes at right angles to its sides ; 
their distances being inversely as the widths of the aperture in all directions. There 
is also a great number of small spectra, regularly distributed in the angular spaces 

formed by the two series of fringes. r * 

Two small circular apertures placed at a certain distance from one another, form two 
series of rings just as if each of them existed alone ; but if they are eloso enough to 
make the rings overlap, the rays proceeding from the two likewise produce, by their 
interference, a series of veiy close rectilineal fringes at right angles to the line 
joining the centres of the apertures, together with two sets of oblique fringes passing 
through the middle point lietween these centres. This is the original ex{H*riment of 
Grimaldi already referred to (p. 604). 

6. Diffraction through Grating! or When light ing^ of 

pawing through one or two aroall aperturre, paaaea through b (^eat num^r of (hem 
very ebse toother and regulaaly flistributed, some veiy remarkable diffraction pheno- 
mcna are product which were diacovered by Fraunhofer. Such a ayetem of apeituraa 
is called in optical language a grating (resiau I r. ; Cnttcr, Oem.). 

Fraunhofer formed & gratinga:-!. By winding a very fine wire round two pareUe' 
acrews of equal diameter and very fine tl.read._2 By tracing very fine 
on a film orgold-lcaf fixed on a plate of glaae— 3. By tracing liiica with a diamond on 
a plate of g^ the linen tbua formed Iwng opaque, while the inti-rmeduite af^ea are 
trenapareut Thia ia the method now ,?encrally adopts, a dividing engine being u^ 
to e£ure regularity in the linee. Sometimea the linea are traced on gl^ oore^ 
with a thto^t of /arniah, an^ etched with hydrofluonc aei<L When 
ia deeired, the number of linee in a mUlimctre muat not exceed 300, and 9» m that 
■pwe are sufficient for the complete manifestation of the phenomena, 

EffeeU of ParalUl graUngt—K line of light viewed through a ^ting formed hjr 
paallel linea, appean juat aa it would to the naked eye, excepting that it la aomaWhat 
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fainter; while on either side is seen a dark space N 652), foUowed hy aspeetrum r^ 
8, 8, having the violet within, and its eoloms so pure that the principal hxed lines 

Fig. 652. . ■ 



be easily disfinguishcd in it. Then coinos nnotlier d;irk fij)acf* narrower than 
former, then several otlicr spectra more and more extended, but overlapping eacli oth^; ■ 
more and more, so that tiieir 0010111*8 become paler and finally disappear. Thesii' 
spectra may Jiowever bo separated by vi(*wing them through a prism, the fixed liuea 
then appearing. In homogeneous light, nothing is seen but isolated bandifof the colfinr 
of the light employed, being in fact the corresponding portions of the several spectra. * 
Masson has observed that the electric light viewed through a grating exhibits bright 
lines, as when seen through a prism. 

To measure the breadth of these spectra, the grating 0 is placed in front 6f 
parallel slits e, d {fig. 653), the distance between which admits of variation. Two 
systems of spectra ec, ce are then seen, M'hich are partly 
superposed, but may be distinguished by placing one of the 
slits a little higher than the other. To find the position, or 
angle of deviation, of any given fixed line, the slits mu.^t bo 
separated, or the grating moved farther back, till this line 
bc‘longing to the right-hand spectrum forim‘d by the slit i 
coincides with the same lino a in the left-hand spectrumrfl- 
the same or<ler formed by the slit c. The angle eoc, is tlS,, 
c(pial to twice the angle of deviation sought, viz. aoe =D; 


Fig. 663. 

r' a' e' 
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and the right-angled triangle aco gives tan D = — , or D — , 

(lo 2fio 

taking the angle for its tangmt The angle of deviation if 
therefore given by the distance between the slits and their ' 
^ dhstance from the grating. 

. ^ lly observations thus made it is found that : — 1. The middlo ^ 

points of the successive spectra are equidistant, or in other words, the deviations of ‘ 
these middle points are to on<‘ another as the numbers 1, 2, 3, 4, &c. 

2. The lengths of the succ(^ssive sp(u*tra, or the distanc(\s between two of their cOr- . 
responding fixed lines, are to one another as the same numbers. 

3. The difterence of thickness of the opaque and tran.sparent lines has no influence 
on the position of the spectra, but merely modifies their brightness 

4 . The lengths of the spectni depend upon the sum of the widths of an opaque and 
transparent space taken together; this sura is called an element of the grating* 
The deviation of any given line is inversely as the distance between two elements, or 
it is proportional to the number of elements in a millimetre. When this numVr if 
100, the first spectrum has the same width as that produced by a flint-glass prism of 

60°. Moreover the spaces occupied by the several colours 
the spectra art^ sensibly ('qual, so that the spectrum thus form< 
may be called a normal sjycctruni, and may serve as a standai^'^ 
of compari.son for the irregular spectra produced by prisms. 

The prectniing laws may be comprised in the general forrauhi, 

D = 7«X;N, where D is the deviation of a fixed line in the spec- 
trum of the 7w'th order, N number of the elements of the 
grating in a millimetre, and k a constant depending upon the 
colour in which the line is situated. 

To explain the mode of formation of these diffraction spectra, ; 
lot Ac {fig. 653) be the surface of the grating, a, b,c,d.c the 
^■»aque spaces. Suppose the eye placed at C, and the distance 
CS of the line of light to be so great, that all the rays proceed^ 
ing from it to the grating may be regarded as parallel, aud the 
surfiice of the wave passing by the point A, as coinciding with Ar. 

If the grating Were removed, the slit 8 would be seen in the ^ 
dirt»ction CS, and no light at all would be seen in any other 
direction, the elements of interference on the wave Ac, neutral- 
ising one another by pairs. The presence of the grating doe« ^ 
not impede the view of the slit, or alter its apparent positioi||^ 
and on each side of the slit there is a dark space, just as if the grating were 
there. But at a cerbiin distance Ad, such that an opaque line of the grating exaet^ 
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> e6v«ri til® element of. the wave which would countmct the action of the preceding 
light will be seen in the direction Crf, the distance kd being gmter in pro- 
' portion the eye is farther from the gnitiug. If, for example, the angle ACd is of 
” such a <3?C — oC = oC -* cC «* Jx of the violet, the vibmtions comhiu- 
r jiicateditO the point C by the element co, will not be destroyed by od, and violet light 
i will I?® ^ direction Co, brighter in proportion as the edge of the dark space 

calculate the deviation rfCA = d, describe the arc cr having its centre at C ; 
triangl® ^ gives <fr = A = erf sin rf; and supposing erf to be contained N times 

t a millimetre, we have then 1 = N. erf, and the preceding equation gives sin rf — Na, 
taking the angle for.tlio sine, rf = Na, which is in fact the general formula of tlm 
diffraction- sjpectra (D = ?wAN) apjdied to lliccaseof the tirst speetruni. It shows 
ttiat the deviation is independent of the difleronce between tlie opaque and the trans- 
parent spaces, and that the constant k is th(‘ lengtli of an undulation corresponding 
' to the colour under consideration. For tin' other colours, ve tind in like manner 
if *, Na', rf"=» Na', &c., a being greater A, and A" greater than A' &c. The colours 
wUl therefore appear one after the olln r, at angidar distances sonsihly proportional to 
X', A", &c. 

Consider, in the next place, another element of the grating at such a distance from 
A that the difference rfC — cC = 2A, or in general to mx, m being a whole number. 
The interval may then be divided into 2m tdemenls of inlerfcreiiee e«)rreHponding 
to differences of distance from C, equal to A A. and these eleim>nts In-ing of even 
jpl^liumber, tho actions resulting from their sevj ral points would counteract one anotlior 
V ' \yfQ by two, if there were no opaque spa(M\s. But if the opaque spaces cover 
. number of elements^ so that an uneven number also remains free, one of 

**>. , S^ter will act unopposed, and there will be light in the eurresponding direction. Tlm'^ 
triangle erfr, then gives rf == wAN, which is the goix'ral forniuhi above giv('n. 

It remains to be seen why the light of any particular colour is wanting between the 
luminous band which corresponds to tim difh'renco of distance ni\ frt^rn C, and that 
which corresponds to (?a + 1)A. Now between the lines of the grating eorrt'sponding 
to^iese two bands, two zones may be found in which the difft'ronces of distance fi*om 
fhe point C increases from mK to wA + iA, then from this latter to m\ 2 . ^A ca 
1)A. Tho rays emanating from the corr(*spondii)g points of those two zones 
• differ in length of path by JA, and destroy one anutln r on reaching the point C. 
Dark bands will therefon! occur in the direction of these zones. In white light, how- 
evfflp, the colours, by ov<‘rlHpping one another, obliterate all theses dark bauds, excepting 
the first two on either side. 

.jf*: If the source of light is too near the grating to allow t lie rays to bo regarded as 
^^.ivi.pawdlel, tho same mode of explanation is still applicable, only it becomes necessary to 
* tak® account of the difference of path of the contiguous oblique rays at the moment 
1 ^ whep they reach the grating. 

llie formula sin rf = wiNA, shows tliat when NA is greater than 1, that is to say 
when^^, or an ckmcrdoi the grating, is less tlian A, sin rf becomes greater than 1, which 

iil impossible ; in this case therefore no spectra can be formed, and in fact gratings 
^ich have their bars too close do not form any. 
r ^ If the spectni are observed in any other medium, as wlien the slit and grating are 
^ placed at the opposite ends of a tube filled with water or other lirpiid, then, if / is the 
length of an undulation of violet light in that liquid, the deviation will be rfj «i Na, 
which combined with the equation rf = Na, for the deviation of the Ha?nc part of the 
spetrum in air, gives rfj : rf = / : A, which is the ratio of tho indices of refraction in 
Y the medium and in air. 

%‘v Measurement of A. The equation, sin rf — Na, gives the means of measuring 
with great accuracy the wave-lengths eorres|S)mHng to the sev(!riil fixed lines of tho 
spectrum, which cannot be done with l)»e iiilerferenc(‘-fringeg in I’rosners exisTinient 
(p. 699), because the lines are not distinct. It is by this method that Babi net detcr- 
^jinined the values given in the table on p. 600. 

Irregular Gratings. — Gratings whose bars are totally destitute of regular arrangement 
« I produce nothing but a whitish train of light at. right angles to the bars : Imtif the irregulari- 

1 ties are subject to a certain law and recur {K rio^lically, spectra are produc(‘d, whose d«vii^ 

^ tion is expressed by the fomiulasin rf i” which L denotes the space comprising one 

. ' r complete set of bars. The successive Hp<‘ctra then differ greatly in brightness ; some 
me very pale, and, occurring by the side of very bright ones, partly overlap them, but 
# not perceptibly alter their colours : hence lines maybe distinguished in some of 
tiese spectra of the higher orders, m hich cannot be seen in tlie spectra of the correspond- 
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ing ord^ formed by regular gratings, because they are obliterated by supei^osition. 
By looking at a candle with the eyes nearly closed, so that the eye-lashes form la grat- 
ing, a horizontal Hue of whitish light is generally seen, because the eye-lashes are for 
the most part at unequal distances ; frequently, however, very distinct spectra are pro- 
duced. Very fine spectra may be seen by looking at the sun or a bright fiame through 
the plume of a cro'^s feather. 

Gratings or Network with sq-imre or round bars or meshes . — Gratings with square 
apertures may be formed of two sets of parallel bars crossing one another. A piece of 
muslin or riband exhibits such a structure. Such gratings form a great number of 
small spectra, some disposed along the arms of a cross parallel to those of the squares, 
others distributed obliquely in the four right angles. The appearance is very brilliant, 
and varies with the size of the meshes and the aistance of the luminous point. 

Eejlccting Gratings or Striated Surfaces . — When light is reflected from surfaces 
covered with striae altomattdy bright and dull, the same spectra are produced as wllten 
it is transmitted through a grating : for the reflected rays are in the same state as if 
they had been transmitted through the striated surface from a point as far behind as 
the actual luminous point is before it ; the spectra are not, however, quite so bright as 
those produced by transmission. The iridescence of mother-of-pearl is produced by 
very flne striae resulting from its foliated structure ; a east taken of it in soft wax, 
mastic, or fusible metal, exhibits a similar iridescence. Fibrous gypsum exhibits 
colours due to the same cause. The feathers of certain birds likewise owe their bril- 
liant colours to diffraction of the light reflected from the very fine filaments of which 
they are composed. 

Half-polished metals sometimes exhibit iridescent colours, due to the parallel striai 
piroduced by the hard powder used in polishing them; but as these striae are seldom 
regular, the usual effect is merely a whitish lino of light, at the points from which the 
rays are reflected to the eye. Barton! s buttons, which are metallic buttons having 
very fine lines engraved on their surfaces by a peculiar machine, exhibit magnificent 
diflftaction spectra. 

Reflection and Refiraotlon* 

When a wave of light reaches the surface of separation of two media of different 
densities, its vibrations are not only propagated onwards into the second medium, but 
likewise reflected back into the first, each particle of the ether at the surface of separa- 
tion then becoming a centre of disturbance from which fresh waves spread out in all 
directions. To find the directions of the reflected and transmitted waves, let MN 
{jig. 656) be the separating surface of two media (air and water, for example), and 
an incident beam of light of infinitely small section, so that the rays com|X)8ing 
it may be regarded as parallel, and the w'ave-surface, he, perpendicular to tlieir direction, 
as plane. Now the several points of this wave-surface, ch, do not all meet the surface 
MN at the same instant, but each point, as it reaches that surface, becomes a centre of 
disturbance from which elementary waves are excited in both the media bounded by 
MN. Moreover, the velocity of propagation of the waves in the two media is different ; 
because the density of the ether in the one is greater than in the other (pp. 596, 601). 
Suppose the lower medium to bo the one in which the ether has the greater density, 
and that the velocity of transmission of the light-waves in it is f as great as in the 
upper. Then, by the time the point c of the incident-wave has travelled on to «, a wave 
will have spread out from b, in each medium, of a radius bd = ac in the first, and b/ « 
I oc in the second ; also from any intermediate poiqt e (ea being a portion of wave- 
surface parallel to be), a wave will spread out of riMlius =» aa in the first, and 
I oa in the second. Now each of these elementarj^waves produces no perceptible effect 
by itself, a sensible disturbance of the ether or pMuction of light taking place only 
where a number of them act together, that is to say, in the first medium, along the 
plane surface ad, and in the second along a/ ; and straight lines ar, br\ aq, hq\ &c., 
ditkwn at right angles to these surfaces from the several points between a and 5, will 
give the direction of the reflected and transmitted rays. 

. In the first medium, the triangles ahe, abd being equal in every respect, the angle 
eihd a» the angle boo, that is to say, the incident and reJUcted rags make equal angles 
with the rejiceting surface, and therefore also with the normal P«, The angles which 
these rays make with the normal are called the angles of incidence and reflec- 
tion respectively. 

' The symmetry of the figure with respect to the plane of incidence, i. e. the plane 
passing through the incident ray and the normal, shows also that the reflected ray is 
contained m the plane of incidence. 

The ray which passes on into the second medium is also contained in the plane of 
incidence, but is bent or refracted out of its previous direction, and does not make 
the same angle with the normal as the incident ray does. The angle of incidence 
IVsat is equal to the angle cha, and the angle of refraction Yaq * r is equal to baf\ 
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Slid th^Jn^t-angled triacglei abe, d^f give ac^ah sin t; «iid hf»ab sin r; tkerefore, 

Fig, 665. 



sin t V ^ 

** 7 

That is to say, the sines of the angles of incidence and refraction are. to one mother in 
a constant ratio, namely, that of the velocities of light in the two media. Tins rttjo, 
wliich is also that of the lengths of the waves A : A' in the two medi^is called the 
index of refraction, absolute or relative, according as the ray passes a vacuum 
into a ponderable medium, or from one ponderable medium to another. The absolute 
index of refraction of a medium, usually denoted by tlie lett<5r fs, is the rocipitocal of 
the velocity of light in that medium refiTred to the vidocity in a vacuum as unity ; 
fjl is always greater than 1. If /a, n' are the absolute indices of two contigu^ in^ia, 
say water and glass, the deflection of a ray passing from the one to the other will bo 
determined by the equation giu i* ^ 

sin r fi* 

which likewise holds good if y., y are the indices cf refraction of the ray in passing 
from any one medium, as air, into two others, as water and glass. ^ ^ 

When A* is greater than y\ that is to say, when the velocity of transmission, or tho 
length of the wave is less in the second medium than in the first, the ray is refracted 
towards the normal ; when y is less than y, it is refracted frcmi the normal 

In the latter case, the angle of incidence may be such that the sine of the angle of 
reflation would be equal to or greater than 1 ; under such circumstances, the ^ydo^ 
not pass into the second medium at all, but undergoes total reflection into tho fiwt. 
The^ue of the limiting angle, d, at which refraction ceases to take place, is given by the 

equation, sin 6 *» — , sin 90® ■■ 

Limitation of the reflected and refracted rays.— The preceding explanatnms show 
that there must be reflection and refraction in the directions a^ve determined, but 
they do not show why the reflected and refracted rays are confined to these direcUons ; 
for a, each point of the aurfece ah (fy. 666) ia a centre of diaturhanoe, from Which 
wavea apread out in hemiapherea, it would aeem aa if raya ahould be »«a 

tranamit^ in all directions. And auch ia in fact the caae j only, M irranel haa abown, 
aU the rayt oUUjm to the rejUeUd and refracted beam* rabr , qah^, deetroy one another 

by their mutual interference, „ , . , »nn.n»ia.ai \s»,s 

Suppose an, cn' ( fig. 654) to be two parallel refracted reys, very close together, but 
not In^ direction determined by the law of the sines. Draw ca and a» perpendicular 
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to aa and m'; then a vibration of the ray sa, in reaching the surface ab, will have 
travelled over a space greater by aa than thC^ corresponding vibration of the ray te • 
but when the two arrive at the surface of the refracted wave, te will have moved 
over a space which, expressed in wave-lengths, is greater, by /a . efi — aa, than that 
passed over by aa. Let i be the angle of incidence, aea, and p the angle of refrac- 
tion, ea$, of the ray an. Then the right-angled triangles efia, eaa give efi = ae.mnp; 

aa ^ €ie. sin i ; therefore /x . rjB — aa = ne (^ . sin p — sin i ) ; and ae - ^ ^ 

Now the rays aw, en* will destroy one another by interference when the difFewhce 

u,€B^aa = }^\] therefore, when ae -» — This shows that ae is smaller, 
“ * i fx sin p — sin i ^ 

or the interfering rays are closer together, the more the ratio differs from n ; but 

when it is equal to /x, that is, when the refracted ray is in the direction indicated Tiy 
the law of the sines, ae becomes infinite, and therefore there is no interference. 

A precisely similar construction and demonsti;^tion, applied to the reflected rays 
aw", (fg. 665), shows that the contiguous reflected rays destroy each other in all 

Fig. 666. 



cases excepting when sin p = sin ?, that is to say, when the^reflccted and incident rays 
make equal angles with the normal. If, however, the point a is very close to the left- 
hand edge of the mirror, the reflected ray en" will not exist, and an will not be de- 
stroyed. Hence if the mirror is very narrow, the rays, reflected obliquely to the beam 
tabr'are not completely deBtroyt*d, and the reflected beam becomes divergent. Fresnel 
verified this theoretical deduction by blackening toe surface of a mirror, with the ex- 
ception of a very narrow triangular space. The be^Bfr. of light reflected from this space 
was broadest at the narrowest part of the reflecting surflice, so that the image which it 
formed on a screen was a triangle with truncated summit, in a position the reverse of 
that of the reflecting triangle, . . , , 

The reflected and refracted beams are always less bright than the incident beam. 
In fact, they would be together equal in intensity to the incident beam, were it not 
that part of the light is scattered in all directions, by reflection from minute irregn- 
larities on the surface of the medium ; and secondly, tluit a portion of it^ often very 
considerable, is apparently lost by absorption. This process doubtless consists in 
a communication of the vibratory motion of the ether to the particles of the ^n- 
derable body itself, the particles thus set in motion again acting as centres of vibra- 
tion, and exciting fresh undulations in the surrounding ether, thereby rendering the 
body visible. The vibrations excited in the particles of a ponderable body by the 
movement* of the ether likewise produce numerous clianges in the state of the body 
itself, raising its temperature, and setting up certain chemical actions within it, which 
will be afterww^s more fully considered. It is tnie that the ether transmits vibratoir 
movement* which render bodies hot, and others which determine chemical changes 
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in th«m without directly rendering them yisibl© ; it is probable that the Ifunin* 

iferotis waves thenisdves likewise alter the thermic and chemical conditions of a body, 
that is to say, excite in the molecules of the botly, vibrations which result in thermic 
and chemical changes, and do not again excite luminifrrous waves in the ether. In 
other words, a certain amount of light is lost in producing heat and diomic^ change. 
In passing through a transparent medium, such as glass or water, with polished sur- 
face^d very little colour, thC amount of light lost by absorption is but small ; coloured 
media transmit certain rays and reflect or absorb others. When light^falls on the 
surfliee opaque body, such as a metal, tlie path of the refwcted ray winnot be fol- 
lowed, inasmuch as it is completely absorbed by an extremely thin stratum of the surface. 
The general laws of reflection and refraction having been established, the application 
of them to determine the path of a reflected rm refracted ray under any given circum- 
stances is a problem of pure geometry, into which wo do not ^roj^e to enter in this 
article, further than to speak of refraction through prisms, which is of special import- 
ance in the determination of indices of refraction. 

A prism, in opticdi language, is a* transparent medium, bounded by plane surface^ 
not parallel to one another. The edge in which these surfaces meet, or would meet, if 
prodded, is called the r e f r a c t i n g a u g 1 e of the prism. Solid prisms for opliciU uiw 
are generally made either of glass or of rock-crystal, and with triangular section. Such 
a pnsm has three refracting angles, which may be either iv^ual or unequal. The face 
of a triangular prism opposite the refracting angle is called the base. Liquid prisma 
are made by inclosing a transparent liquid in a wedge-shaped glass, having lU in- 
clined sides formed of plate glass. One of the sides may bo made to move on a lunge 

so as to vary the refracting angle. , . ir u a n / hm 

Let us now trace the course of a ray of light through a prism. If lUC 600) Pa 
a prism of glass or any transparent material of greater refracting power than the sur- 
rounding medium, a ray in, nr a 

SI. entering at I, and • 606. 

making an angle » with 
the normal, NIF, will be 
refracted within the prism 
in the direction IE, mak- 
ing with the normal an 
angle r less than i. This 
ray emerging at E, will 
pass on in the direction 
ER, making with the nor- ^ 
nial to the face AC, an 
angle € greater than the 
angle r which IE makes 
with the same normal. 

The final result is to bend 
the ray away from the re- 
fracting angle, or towards ^ i • 4 o • .i 

the base of the prism ; accordingly an eye placed at R will boo an object S in the 
direction RE/, as if it had been moved upwards towards the summit of the prism. 
The angle Sc/ - D contained between the incident and emergent rays is the 

angle of deviation. It is evidently equal to the sum of the angles Iho, Elo; that 
\h, D ^ i ^ r -i- e r\ But the triangle lEF shows that r + r = Itw, the angle 
contained between the two normals, and therefore to the refracting angle of the prism, c. 
The deviation is therefore given by the formula ; 

i) =, * + s - a. 

For a given angle of incidence i, it increases with tho refracting angle of the i«am 
for suppose a to be increased by 8, then since r is constant, and r t tm a^r m^t 
also increase by «, and therefore s by M being greater than 1 ; that is to say, € in- 
creases more than a, and consequently I) increases. 

When the refracting angle is constant, the deviation vanw with the angle of 
incidence, and attains a minimum value wh^ n tho incident and emergent rays make 
equal angles with the refracting surfaces. To show, in the first pl^e, that 




mix^Ter^since fl must' ^ less than 180®, and r may increwe to 90®, the incident ray 

must eventually come into a position in which r - r, and tiAvmAla • 

Now let SI and EB (fy. 667) be the rays which make equal andes with the r 

and suppose that SI mov^ into the position S'l cloeer to the nonnJ; r will then dimilliflli 
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and tl»etrfo»e t' mtit increase bi the same qnanthy ; « will therefore aljoiacteas* anA 

become greatertban i ««« sm r'are gmter tbm 

eltt f and m r, die differeDce between ein e and sin r' meet be greater tiuo that 

between sin i end sin r; a for. 
Fig. 667. iiori, tbenfore, the angles e and 

r' most differ more than i and r. 
The angle e has therefore in- 
creased more than tiias dimi- 
nished and consequently the 
deviation, J) ems i + e must 
also have increased. In a simi- 
lar way, it may bo»shown that if 
the incident ray enters below SI, 
the increase of i will be greater 
than the diminution of e. The 
deviation is therefore increased 
by shifting the ray SI either way 
from its position, that is to say, 
the depiation is a minimum whm 
the incident and emergent rays 
are equally inclined to the surfaces of the prism^ or to the normals. 

In this case, the expression for the deviation becomes D a, which gives * =» 

?Li_^ ; also, since r and r' are equal, we have r ^ : hence also : 

2 " 

sin i _ sin \{a + D) ^ 
sin r sin ^ fl * 

an expression which gives the index of refraction of the medium forming the prism, ns 
a function of the refracting angle of the prism and the angle of minimum deviation. 
This affords one of the best means of determining indices of refraction. 

Measurement of the Index of Refraction of Solids and Liquids.— 1. To measure the 
angle of the prism: the prism ABC {fig, 668) is fixed in such a manner that its tnlges 

may be perpendicular to the divided circle of a 
theodolite o ; and a mark S, placed at such a dis- 
tance that the rays procoedhig from it may be 
regarded as parallel, is viewed through the tele- 
scope, first by reflection from AB, then directly, 
and the angle Soe — d is measured. The theo- 
dolite is then moved to o', and the same mark is 
viewed directly and by reflection from AC, and 
the angle S"'o i = d' is measured. Half the sum of 
these two angles is the measure of the angle A. 
To show this, draw AD parallel to the direction 
of the incident rays, and dividing the angle A into 
two parts, a and /S. Then a <=> S'tA = oxB, and 
therefore 2a =* 180®— S'w. But Soi =* d « 180® 

— S'fo ; therefore d « 2a. In like manner it may 
be shown that 213; consequently a + fi = 
A=i(d+(f). 

2. To mf^re the minimum deviation, the 
prism is fixed on a support capable of turning 
on a vertical axis. A very distant mark m {fig. 669) is viewed with the theodolite o, 
fint directly in the direction om, then through the prism in the direction om" ; and 
Fig, 669, prism is turned round till 

the angle wiom" between these 
two dilutions is reduced to 
its smalleet possible magni- 
tude. The angle so deter- 
mined is the angle of mini- 
mum deviation, provided the 
mark is so distant that the 
rays proceeding from it may 
be regarded as parallel. A 
distant lightning-conductmr 
forms a verjr'good mark for 
the purpose in the day-light ; 
a llit in the shatter of a dark room, provided the room be large, may also ^ lued. 
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Oijnemtion* w mad© by artiflcial b'gH with a lamg surrounded by a jacket 4^ tm 
nlftte having a vertical slit. ^ \ 

^ In this iSt case, the mark is seldom fiir enough off to allow the divergence of the 
ra^ to be neglected. Let o be the angle of divergence, and 0 the angle f/um\ ^a 
triangle moo gives, 

180® — o + 0 + (180®— — o + 0 + 180® — (2i - a). 

This giy^s < » J(a + 0 4- a), and therefore 

sin A(a + 0 + o) 

u *• ^ ^ — i 

sin Jtf. 

The angle a may be measured by transporting the theodolite to m. But as o is veiy 
smtAl, it is generally considered sufficient to measure the length of the po^udicular 

«P and the distance wP, by stretching a cord from 0 to w ; then tan o » 

A very convenient method of obtaining parallel rays is by the use of the colli- 
mator an instrument consisting of a telescope-tube blackened inside, tmd having t^wo 
wires, one vertical, the other horizontal, fixed within it, and crossing in ite axis. When 
the tube is directed towards a window, the wires, being illuminated by a beam of 
narallel rays, form a shadow which may be regarded as an object placed at an infinite 
distance If a convex lens be placed at one end of the tube, and the cross-wirc's in ite 
nrincinal focus, the collimator may be used in the same manner for observatioiis with 
artificial light : for when the other end of the tube is directed towards a lamp, the rays 
crossing each other at the intersection of the wires will issue parallel after passing 
through the lens, and will therefore be brought to a focus by anoUier telescope just 
like those proceeding from a celestial object. v nf 

In aU observations of indices of refraction, it is necessary to specify the colour of 
the light to which the observation refers. Solar light,, and lamp, candle, or gas light 
are in fact of composite nature, and separable by refraction into coloured rays of 
unequal refrangibility ; consequently, any lino of light viewed through a pnsni appears 
wi^nod and fring^ with bands of colour parallel to its edges. Jt is usual to make 
the observations on the yellow rays, which are situated towards the middle of 
coloured image, or spectrum, and possess the greatest brightness. But as each coloi^ 
occupies a certain breadth in the spectrum, and the boundaries of the several colours 
are not very weU defined, it is by no means certain that two observations niade 0 ^ 
the same colour will refer to exactly the same part of the spectrum. The difficuUy 
thence arising is however completely removed by the observation of certain fine dttrlc 
lines, discovered by Fraunhofer, in the solar spectrum (p. 620), which ure piirallel to 
the lines of separation of the diffident colours, and are always disposed 111 the same 
manner in each colour, whatever may lie the nature of HpJ*otra of 

flames and of the electric light exhibit bright bands, likewise of fixed position for 

oiich particular source of light. . , 

A very sharply defined mark may be obtained without recourse to the fixed 
lines, by replaciM the vertical wire of tho collimator with a sowing needle. J ho 
coloured bands parallel to the edges of the needle overlap one anollier towards the 


lines, by replacing tno venicai wire mu uuniMmius w.,.. ^ - 

coloured bunds parallel to the edges of the needle overlap one another towards tho 
IHiiiit, forming a well-defined line of sep^tion between two very distinct colours, a 
bluish-green and a deep rose tint. (H. Leville.) 

Determination of RefracHve Indicet by Interfermce.-Tho 

T? i»_ ...w. «■ AAO\ CiimviHtiAM n. vf*rv delicate method ot determining 


DtUrmination oj tiejractxve inawea oy a.... 

fringes in Fresnel’s experiment (p. 600) furnishes a very delicate method ®f 
indies of refraction. A thin film of tho transparent substance being pl^ed before one of 
the mirrors {jig, 645), so as to intercept part of the pencil of rays rellectc 1 
number of r^ks through which the central fnnge is displaced is ^ ® 

this number, « the thic^ess of the film. ^ and the number of wave-lengths, A and A, 
included within the thickness c of the air and tho transparent film : then 

, , . wi' a' t. 

s - f»A « mA ; whence ~ iT ^ 

But, irinee the central band i« displaced throuijh B ranks, we have - m ^ 

each additional wave-length in the film displacing tho central band one rank further. 

Consequently, ^ 

yfi OT + R s Ra 

^ ^ m ^ m e * 

a formula which giroi the index of refraction in terms of the thickness of the film Htd 
Tl^'meth^is capecially applicable to gt ws and vapours (p. 618). 


^14 
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Fig. 661. 



Determnation of the Index of Refraction of Liguide.—l. By the method oi least 
deviation. The liquid is inclosed in a wedge-shaped ressel, of which 660 represents 
a transverse section. The sides are formed of thin plate-^lass, and it is essential to 
the accuracy of the observations that the two faces of each of these plates 
Fig. 660. should be parallel As, however, this condition is seldom completely ful- 
filled, it is necessary to measure the deviation produced by the prism 
when empty, previous to making the observation with the liquid to be 
examinedf The first deviation is then to be deducted from, or added to 
the second, according as it is in the same or in the contrary direction. 

As liquids are very expansible by heat, their indices of refraction may 
be sensibly affected, even by variations of temperature not exceeding those of the sur- 
rounding atmosphere. It is necessary, therefore, to make the observations at a constant 
temperatui e, to agitate the liquid briskly before making the observation, and to avoid 
using the direct rays of the sun, which miglft heat it Unequally in passing through«it. 

2. By total rajlcction. — This method is especially applicable to very small quantities 
of liquid ; also to imperfectly transparent liquids and pasty substances, such as the 
crystalline lens of the eye. A small drop of the liquid is attached to the lower surfaeo 
of a right-angled prism BAL {fig. 660), resting on a horizontal rule LL, in which a 

hole 0 is made to receive the drop. The prism 
must be formed of a substance of known refrac- 
tive index, greater than that of the liquid. The 
drop of liquid is viewed through the prism by 
means of a small telescope /, turning on the 
centre of a graduated circle which slides up and 
down a vortical rule L/, fixed to the table. The 
telescope is at first fixed at such a height, that 
objects below tlie drop are seen througli it ; but 
• on gradually lowering the divided circle, the 
angle Ion continually increases, and at last the 
rays coming from the other side of the prism 
at m are totally reflected at o. The teleseoi'o 
is then fixed, and the angle a is observed. The angle nol is then equal to the 

the limiting angle 6, and sin 6 = J*, ii* ^eing the refractive index of the prism, and g 

that of the liquid. Now the angle 6 « 90° - r ; therefore sin » = cos a « /x sin r = 

fi cos hence cos 0 = , and sin 6 = - cos'^a = - ; therefore 

ft M 

fi = v'/i* — cos'^a. 

Wollaston devised a modification of this method by which the refractive index may be 

determined without calculation (see Miller’s A'/c- 
nwnts of Chemistry, 3rd ed. i. 165 ; and Dagiiin, 
Traiti de Physique, 2'"* ed. iv. 160). The slight 
trouble of calculation from the preceding for- 
mula is not, however, a serious objection to 
the method. A more important objection 
arises from the difficulty of making the prism 
exactly rectangular. To obviate this difficulty, 
Mains uses an acute-angled prism {fig. 662), tho 
angle h of which is known. Tho observation 
being mat^ as above described, we have, as 

before, 3 90° — a and sin 6 = Let the 

/a 

normal Tn be produced to meet tho normal nn 
in w ; then the angle n is equal to the angle b of the prism, and the triangle Ino 

gives 6 =- r + 6 ; whence sin 6 « - = sin (r 4- 6) = sin r cos 6 + sin b cos r. But 

ft sin r = sin i ; and the triangle In'» gives nTn = « -f 3 *** 90® — b ; whence 
i as 90® — (6 4-3) *. therefore 

sin r s= i cos (6 + 3) ; 


Fig. 662. 



and 


cos r tm - 
/X 


■ cos*(6 + 3). 


This gives ; fi to. sin 0 = cos (6 + 3) cos 6 ■¥ sin b — cos* {h + fi). 

Tills method may also be applied to ^lids. Soft bodies like wax, or gelatinous 
oiganic bodies may be at once attached to the lower surface of the prism. Hard 
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bodies maybe attached by means of a bqnid of gnater f^fr(u:Hng ptmer XhtOk the 
prism: the total reflection will then take place just as if the solid were immediately 

^^^e^rome method also gives the index of refraction of the prism itself, the observa- 
tion being made without applying any liquid to the lower face. Tn this case, since the 
medium below tha prism is air, wo have /i' = 1, and the formula gives 


^ •+• COS* {J) /5) ' 2 cos 6 cos ^6 + 


The following tables contain the indices of refraction of several solids and liquids, 
determined by the preceding methods. They all relate to tho yellow rays of the 
spectrum, excepting those of Wollaston, which relate to the extreme red: 


Indices of Refraction of Solids, 


{Kanio of iubitance. 


Chromate ofj 
lead . ) 

Diamond 
Pliosphonis 
Glass of anti-t 
mony . ( 

Sulphur (na- f 
live) . j 

Zircon . 

Borate of lead . 
Carbonate of( 
lead . i 

Ruby . 

1 'el spar . 

Tourmalin 
Topaz, colour- J 
less . ) 

Beryl 

Tortoise-shell 
Emerald . 

Flint glass 
Rock-crystal 
Rock-salt 
Apophyllite ' 
Colopliony 


Index of 
refraction. 


2*50 to 2-97 

2*47 to 2 75 
2-224 

2-216 

2-115 

1-95 

1-866 

1*81 to 2-08| 

1-779 
1-764 
1-668 

1-610 

1-598 
1-591 
1-585 
1-67 to 1-58 
1-547 
1-545 
1-548 
1-548 


Brewster. 

|Br.; Rochon. 
Brewster. 


Wollaston. 

llcrsclud. 

Brewster. 


Biot. 

Brewster. 


Br. ; W. 
Wolhvston. 
Newton. 
Brewster. 
Wollaston. 


Name of substance. 


Sugar 

Phosphorie acid 
Sulphate of eopp< 
Canada balsam 
Citric acid . 
Crowm glass 
Nitre . 

Plate-glass . 
Spermaceti . 
Crow'll glass 
Sulphate of po-> 
tassium . j 
Ferrous sulphate . 
Tallow ; wax 
Sulphate of mag - ) 
nesium . > 

Te(‘Iand spar 
Obsidian 
Gum . 

Borax 
Alum . 

Fluor spar 
Ice 

T’abashccr 


Index of 
refraction. 


ObMrver. 


1-535 
1-584 

1-581 to 1-552| 
1-582 
1-5-27 
1-525 to 1-534 
1-514 

1-514 to 1-542| 
1-503 
1-600 

1-500 

1-494 

1-492 

1-488 

1-654 
1-488 
1-476 
1-475 
1-457 
1-436 
1 310 
1-1115 


[Wollaston. 
Brewster. | 

Young. 
Brewster. I 


Young. 

I Wollaston. 

Brewster. 


Young. 
Brovrstor, | 

Mains. 
Brewster. 
Newton. 
Brewster. I 
[Wollaston. I 
Brewster. 
Wollaston. I 
Brewster. 


Indices of Refraction of TAquids, 


Name of liquid. 

Index 

<>l re. 
frMCll"n. 

Observer. 

Name of liquid. 

Index 
of re. 
fraction. 

Observer. 

Sulphide of carlwn . 
Oil of cassia . 

Bitter almond oil . 
Nut-oil , 

Bin seed-oil 

Oil of naphtha 

Rape-oil 

Olive-oil 

Oil of turpentine 

Oil of almonds 

Oil of lavender 
Sulphuric acid (spe- ) 
rifle gravity 17) ( 
Nitric acid (specific f 
gravity 1*48) { 

1-678 

1-031 

1 608 
1-500 
1-485 
1-475 

1-475 

1-470 

1-470 

1-469 

1-467 

1-429 

1-410 

Brewster. 

Young. 

Brew’sU^r. 

Wollaston. 

Young, 
j Brewster; 
j Young. 
Brewster. 
Wollaston. 

ff 

Brewster. 

Newton. 

( Young; 
j Wollaston. 

Solution of potash 
(speeilic gravity ■ 
1-410). . . 

ITydroclj 1 o ri c aci d 1 
(concentrated) [i 
S<^a-8alt (saturjited) 
Alcohol (rectified) . 
Ether . 

Alum ; saturated . 
Human blood 

White of egg . 
Vinegar, distilled . 
Saliva . 

Water . • 

1-405 

1-410 

1-576 

1-372 

1-358 

P356 

1-354 

1-351 

1-372 

1-339 

1-336 

Fninnhofer. 

Biot 

Herschel. 
Wollaston. 
Herschel, 
Yonn^. 
Euler, jun. 
Herschel. 
Young, 
(Wollaston; 

) Briwster. 


Vou m. R R 
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The indices of refrsujtion assigned to the same subi^nce by different observers often 
exhibit considerable diversities, arising partly from imperfection of method, but espe- 
cially from want of chemical or physical identity in the substances examined. 

A comparison of the indices of refraction of different substances leads to but few 
general conclusions. One of the most remarkable is that inflammable substances are 
strongly refractive \e.g., sulphur and phosphorus among solids ; oils and hydrocarbons 
among liquids; it was the observation of this fact that led Newton to infer that the 
diamond would bo found to contain an inflammable principle. ^ j 

Generally speaking, the refracting power of any one substance increases with its den- 
sity ; though it is by no means true that the refracting powers of different rabstances are 
proportional to, or even follow in the same order as their densities. Jamin found, by a 
method presently to be noticed, that the refracting power of water is incre^ed by com- 
pression. On the other hand, the refracting power of liquids is diminished when-they 
are expanded by heat. Brewster found that the index of refraction of common ether, 
which, at ordinary temperatures, is equal to 1*358, is reduced to 1*057 when the volume 
of the ether is tripled by heat. Numerous experiments on this subject have been made 
by Dalh W Gladstone (Phil. Trans. 1858; Ann. Ch. Phys. [3] Iviii. 11^, who 
operated on twelve different liquids between the temperatures of 3° and 60', using the 
method of minimum deviation. The prism was placed horizontally and heated by a 
spirit-lamp or cooled by a freezing mixture. The temperature was in^cated by a 
thermometer with which the liquid was stirred. The following table contains a portion 
of the results (see also page 626) ; they relate to the line 1) of the solar spectrum, 
excepting those with phosphorus, which relate to the line C ; 


Tempera- 

ture. 

Sulphide of 
carbon. 

Water. 

Ether. 

Alcohol, 

absolute. 

Methyl- 

alcohol. 

Phosphorus, 

liquid. 

Oil of 
Cassia. 

0® 

1*6442 

1*3330 






10 

1*6346 

1*3327 

1*3692 

1*3658 

1*3379 



20 

1*6261 

1*3320 

1*3546 

1*3615 




30 

1*6182 

1*3309 

1*3495 

1*3678 

. 

2*0741 


40 

1*6103 

1*3297 


1*3636 

1*3297 

2*0677 

1-6796 

60 


1*3280 


1*3491 

, , 

2*0603 


60 

• • 

1*3269 

• • 

1*3437 

• • 

2*0515 

1-6690 


The refractive index of water diminishes continuously between — 1*3® and + 5*2 , 
the direction of the variation not changing in the passage through the point of maximum 
density. (Arago. Jamin. Dale and Gladstone.) 

In the passage of a body from the solid to the liquid state, the refractive index 
sometimes diminishes, as in the case of phosphoric acid, wax, and tallow. Sometimes 
it increases, as with water and borax; sometimes again it does not change perceptibly, 
as is the case with sugar. , , . , ^ j 

H. Devi lie (Ann. Ch. Phys. [3] v. 129) has measured the index of refraction of 
alcohol, wood-spirit, and acetic acid, mixed witli water in different proportions. These 
substances exhibit the greatest degree of contraction, or of density, when united with 5 at. 
water(«.a., 2C-H«0.3H*0). It is also with this proportion of water that wood-spint 
and acetic acid exhibit the highest degree of refractive power, whereas with ^cohol 
this is the case when it contains J at. water (•2C*H*D.H'‘^0). At 16® the refractive in- 
dex of absolute alcohol is 1*3663 ; that of 2G^H«0.H"0 is 1*3662 ; that of anhytous 
methylic alcohol, CH^O, is 1*3368; of 2CHfo.3H‘'0, 1*3462; that of anhydrous 
acetic acid, C«H*0>, is 1*3763 ; and of 2C*H«0».ffl“0, 1;3781. 

Index of Refraction of Gases. Refractive Power. Biot and Arago determinea 
the refractive index of atmospheric air, by the method of minimum deviation, using a 
hollow glass prism, called a Bordaks prism, consisting of a glass tube (./?^. 663) 4 or 6 
centimetres in diameter, and having its ends a, 5 cut m a slanting direction and clos^ 
with very thin plates of parallel glass. The prism was mounted, with its refracting angle 
vertical, on a brass tube connected with a stop cock and screwed on to the plate of an 
air-pump. The pressure of the air in the tube was measured by connecting it with a 
siphon-iuge. The tube having been exhausted, filled with dry air several times, and 
again exhausted, observations were made with it similar to those described at p. 612, 
^th this exception however, that as the refracting power of the exhausted pmin was 
less than that of the surrounding air, the maximum, instead of the minimum deviation 
was observed. The deviations being extremely small, the thickness of the pnsm pr^ 
vented the mark from being viewed directly. To obviate this difficulty, after the marx 
had been viewed through 3ie prism represented in section at AB, and the maximum 
deviation of the ray me to observed, the prism was moved half round into the position 
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A*B the same mark' again observe^ The image m itbm thereby thrown to the 
DDomte side of the ray no proceeding directly ftom the object, so that the angle ioC 
^^tfOOttal to twice the angle not. This method gave for the index of refraction of air 
i 0® C. and 0*76 met. barometric pressure, ^ 

referred to a vacuum as the unit, the num- ^ ^ ^ 

ber 1*00294. * . ^ 1 

In like manner, the indices of refraction 
of other gases were determmed, referred to 
that of air as unity. , 

Now on measunng in this manner the W 

refraction produced by air or other gases at ^ 

densities, it was found that, at pres- |(j 

sures not exceeding that of the atmosphere, 
the quantity ^^i^h is called the .. 

refractive power, is proportional to the J , 

density of the gas— in other words, that 

which may b^ called the specific n 

d ' . . 4 * 

refractive power, is a constant quan- U 

tity. The law was not verified for pressures /ilN 

greater than that of the atmosphere, on ac- ( J ) 

count of the difficulty of retmning condensed 

gases within the hollow prism. . , , , i , a 

Dulong determined the refractive powers of a considornble number of gases and 
vapours by the following method, founded on the propcwtionality of the refractive 
power to the density. A distant mark is observed by a telescope through n Borda a 
prism filled with dry air, at a pressure h. The prism and telescope are then fixed, 
mid the prism is filled with another gas, the pressure of which is varied till tljo imago 
of the mark again coincides with the wire of the tehsscopc. The refractive index of 
the gas under tho pressure h\ is then equal to that of the air undt r the pressui’c k. 
If then fJL and arc the indices of refraction of tho gas and of air at the same nrossuru 
h, and at the same temperaturo, we have, since the index of the gas under tho pres- 
sure A' is equal to , t 

whence ix is easily found. 


Refractive power of Gases, 


Name of gai. 


llydrogen 


Chlorine . • 

Nitrous oxide • 
Nitric oxide 
Hydrochloric acid 
Carbonic oxide . 
Carbonic anhydride 


Marsh gas • 
Chloride of ethyl 
Hydrocyanic acid 
Ammonia • 


Sulphydric add . 
Sulphuions anhydride . 
Ether . . . . 

Sulphide of carbon • 
Ehosphorettad hydrogen 


Refractive power. 

■ ~T ~ ' Index of , 

Compared Excen Ab»oIute. rofractlon. Deniitjr. 
with that over cal- 
of air. dilation. 
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By this method D along haa shown ; 1. That the refractive power of a mixture of 
gases is equal to the mean of those of the constituent gases calculated for the pressure 
to which each gas is actually subjected in the mixture. 2. That the refractive power of 
a compound gas is not equal to the mean of those of the component gases, but is some- 
times greater and sometimes less. The third column of the following table exhibits the 
differences between the actual refractive powers of certain compound gases, and those 
which would be obtained by adding together the refractive powers of the several com- 
ponents, and dividing by the volume of the compound gas. The refractive power of 
atmospheric air is found to be exactly the mean of those of its two constituent gases, 
a fact which shows, together with others, that the air is a mixtiue, and not a com- 
pound of oxygen and nitrogen. 

^ The numbers in this table show that there is no simple relation between the refrac- 
tive powers of different gases and their densities ; hydrochloric acid gas, for qx- 

n le, haa a lower density, but much higher refractive power than sulphurous anhy- 
0 , and ether-vapour has about the same density as chlorine, but double the 
refractive power. 

The interferential method, the principle of which has been already described, 
is very well adapted to the measurement of the refractive indices of gases, and gives 
rosul ts more exact than those of the preceding methods. Arago and Fresnel applied 
it to the comparison of the refractive indices of moist and dry air. The interfering 
rays were made to pass through two copper tubes, each a metre in length, and closed 
at the ends with glass plates having exactly parallel faces, the one being filled with 
moist and the other with dry air. The fringes were then found to bo displaced to 
the amount of one band and a quarter on the side of the dry tube, showing that moist 
air is rather less refractive than dry air. Precipitated vapour was found to produce a 
very slight increase in the refracting power of the air. 

An improved apparatus for experiments of this kind has been constructed by 
Jam in, but we must refer for the description of it to his memoir (Ann. Ch. Phys. [3], 
xlix. 382), or Daguin’s TraiU de Physique, iv. 402. By means of this apparatus, 
Jamin has shown that vapour of water, at the temperature of 0° and at 0*76 met. 
barometric pressure, supposing it could exist under those circumstances, would have 
an absolute index of refraction equal to 1*00261, which is less than that of air at the 
same temperature and pressure. The refractive power of aqueous vapour calculated 
by the formula 1 is therefore =• 0*000521. 

By adding to the refractive index of dry air that of aqueous vapour in the saturated 
state, under the pressure which it possesses at 20°, Jamin finds that the difference 
between the refractive indices of dry air and air saturated with aqueous vapour is 
only 0*000000726, a quantity which is toe small to produce any sensible effects 
with Borda’s prism, and may be safely neglected in the calculation of atmospheric 
refraction for astronomical purposes. 

Refractive power of vapours ^oduced at high temperatures, Leroux (Ann. Ch. 
Phys. [3], Ixi. 386) has measured the refractive indices of a few of these vapours by 
the method of least deviation, using a hollow prism of iron having part of its opposite 
faces replaced by fiat glass plates, and provided with proper appliances for heating; 
and for keeping the pressure of the vapour equal to that of the atmosphere. The 
indices and refractive powers of the vapours examined are as follows : 


Substance. 


Absolute 
index of , 

Refractive 

power 

Sulphur 


refraction. 

, 1*00163^ 

/*?-!. 

0*003268 

Phosphorus 

, 

. l*00136r. 

0*002728 

Arsenic 

, 

. I*091ir4 ’ 

0*002228 

Mercury , 

• 

. 1*000566 

0*001112 


Bispenloo. 

When a narrow beam of the sun’s rays is passed through a glass prism {fig. 664) 
and receiv^ upon a screen, an elongated image or spectrum is formed, exhibiting a 
aeries of brilliant colours in the following order : 

Red. Orange, Yellow, Green. Blue. Indigo. Violet 

the rod occupying the lowest or the highest place, according as the refracting angle of 
the prism is turned downwards or upwards. The different coloured rays are therefore 
refracted by the prism in different degrees, the red exhibiting the leasts and the violet 
the greatest deviation. Moreover, if a small hole be made mi any part of the screen 
so as to allow a narrow beam of the rays of any one colour to pass, and this beam be 
transmitted through another prism, it will not again be elongated and split up into 
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different colours, but will form upon a second screen an imago of the same shape as the 
aperture, and of the same colour as the beam before passing through tho second prism. 
Ini^s second refraction also, the red exhibits the least, the violet the greatest devia* 
tion« 

664. 666. 




It was by observations of this kind that Newton made the ^rand discovery, t hat Solar 
light tnay he separattd hy refraction into a numher of rays oj different colours, and that 
to each colour there corresponds a distinct degree of refrangihUity, the red rays being the 
least, the violet the most refrangible, and, the inter mediate colours increasing regularly in 
refrangihUity from the red to the viobt. 

This result is confirmed by the fact that the nainion of the colours of the spectrum 
produces white light. This may be shown by receiving tin' beam of light s, refnu*ted 
by a prism P (fg. 665), on a second prism P' of tlie same substance and having tlie. 
same refracting angle. The rays are thus brought back to parallelism and form a beiuu 
of wliite light. A very simple apparat u.s for exhibiting this recomposition of wliito 
light is a rectangular glass trough divided in halves hy a diagonal glass jiartition ^ On 
pouring water into one of the divisions and pa.s.sing a beam of smdiglit flirougli it, a 
coloured spectrum is formed; but on pouring water into the st'cond division, tlie rays 
are brought liack to parallelism, and the emergent beam is white. 

Another mode of demonstrating tin* recomposition is to colour a circular piece of 
card-board in sectors with tlu^ tints of the Hpcctruin, and give it a ra|)id rotatory 
motion. If the disc revolves in le.sH than the tenth ot a second (the tinui during which 
an impression remains on the retina) the whole surfaci* appears of ai unif»»rm greyish- 
white tint, tho deviation from perfect whiteness arising Irom the impossibility of 
exactly imitating the colours of the s|)*ctruin hy pigments. 

To obtain a cornpleto separation of the colours oi the spectrum, the prism should have 
a large refracting angle, and the aperture should be as narrow as possible : for a wide 
aperture may bo regarded as a numla'r of narrow ones side by side, each of which 
produces its own spectrum, the colours of the sevenil spectra thus forrmxl overlapjiing 
each other and producing compound tints; indeed, if the ajierture exceeds a certain 
width, the middle of tho imago will receive rays of all colours and will appear wliite. 
For the same reason, the beam of light must not he divergent, and tho apparent <liu- 
lueter of the luminous Ixaiy from wliich the light proc'eeiis must ho as small as possible • 
for the incident light passing through a very siiiull a]»erture is more divergent as the 
apparent diameter of the source of liglit is larger; the sun’s rays passing through such 
an aperture form a cone having a vertical angle of ‘K) minutes. Newton obtained a 

very bright and pure spectrum by pass- 
Fig. 666. broad and thick rectangular beam 

of light through a convex lens L {fg. 
6G6) of, long focus, placed very nesr the 
prism r, and receiving the light on a 
wliite Hen*«‘ii placed in the focus of the 
lens, h^ich ctdour is then brought to a 
focus on the screen, forming a bright 
narrow spot, the whole producing a very 
pure spectrum rv. An inijirovoment on 
this arrangement is to use a cylindrical lens parallel to the edges of the prism, whereby 
the rays of each colour are collected into a thin focal band well separated from the ^t. 
Foucault has made a further improvement by interposing, between the lens and prism, 
a diaphragm, to stop tho rays which would pass too near the edge of the lens, and dimi-. 
nish the sharpness of the colourixi images. The spectrum is more elongaM m pro* 
portion as the lens is placed nearer to the prism, which is then farther from the screen, 
the latter being plai^ at a determinate distance from the lens. 
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To obtain abeftm of perfectly bomogeneons light, a coloured beam passing through a 
^all hole in the part' of the screen on which the spectrum produced as aboTe is recmed 
is transmitted thro^h a second prism ; and if the deflected image thus formed is at 
all elongated, showing that the original coloured beam was not quite homogeneous, the 
light of a portion of it must be passed through an aperture in a second screen placed to 
receive it. A ray thus separated will be found to be perfectly homogeneous in colour 
and of uniform refrangibility. * 

Instead of receiving the spectrum on a screen, it may be viewed directly by holding 
the prism between the eye and the source of light, the red rays then appearing in the 
highest or lowest position according as the refracting angle of the prism is held down- 
wards or upwards. The spectrum may also be magnified by viewing it through a tele- 
scope. These methods enable us to view the spectra of sources of light not bright 
enough to throw a visible image on a screen, such as the light reflected from a strip of 
white paper on a dark ground. ^ ^ 

The spectra of the moon and planets, and of white terrestial objects illuminated by 
solar light, are similar to that obtained with the direct rays of the sun. The spectra 
of the fixed stars exhibit the same colours and nearly in the same proportions. Those 
of ordinary flames (hydrocarbon flames) likewise exhibit the same colours, but with a 
larger proportion of yellow. That of an alcohol flame consists mainly of yellow light, 
and if a little common salt be mixed with the alcohol, the flame gives a perfectly mo- 
nochromatic yellow light. The flame of a Bunsen’s burner in which a salt of lithium is 
ignited, gives a spectrum consisting almost wholly of red light ; and when a salt of thal- 
lium is ignited in it, the spectrum consists wholly of green light. 

Fixed Lines in the Solar Spectrum. 

Kewton, by passing a beam of light proceeding from a small circular aperture 
through a pnsm, obtained a spectrum which appeared perfectly continuous, whence ho 
concluded that white light contained rays of all degrees of refrangibility, regularly in- 
creasing from the red to the violet. But Wollaston in 1802, by looking tlu-ough a 
good flint glass prism at a very narrow rectangular aperture illuminated by sun-light, 
perceived that the spectrum was intersected by several very fine dark lines parallel to 
the edges of the prism, or to the boundary lines of the several colours ; and fifteen 
years afterwards, F rau nhofer of Munich, without being acquainted with Wollaston’s 
observations, made the same discovery by viewing a spectrum formed in the manner 
just described through a telescope. The lines were very fine, all dark, and some 
perfectly black, and Fraunhofer w^ able to count between 600 and 600 of them, their 
number increasing with the magnifying pwer of the telescope. These lines are dis- 
tributed irregularly throughout the whole hmgth of the spectrum, and do not, for the 
most part, occur at the limits of the principal colours. Eight of them, easily (hs- 
tinguished by their position and intensity, are denoted by the first eight letters of the 
alphabet, beginning from the red of the spectrum : they are shown in fy. 667. Some 
of them, when examined by a good magnifying power in a well-developed spectrum, 
are resolved into a number of fine lines very close together. There are two more 
groups of lines which are particularly conspicuous, one denoted by o, consisting of eight 
fine lines in the red between A and B, and another b in the green near ^ consisting of 
three fine lines, the two stronger of which are separated by a bright space. 

These dark lines show that the solar spectrum is not continuous ; in other words, that 
there do not exist rays of all degrees of refrangibility between the red and the violet. 

The aspect, order, and relative distances of tlie linesan the solar spectrum remain the 
same, for a ^rism of given substance, whatever may be the magnitude of its refracting 
angle; but if the substance of the prism be chtogetl, the relative distances of the 
fixed lines and the relative widths of the several ccioured spaces are likewise altered. 

To obtain the lines of the spectrum well developed, it is necessary to use a prism of 
very uniform substance, free from stri®, and having a refracting angle large enough 
to yield a very pure and extended spectrum. Prisms for the purpose are generally 
made of flint glass or rock-crystal, substances having a high dispersive power, that is 
to say, the power of refracting the red and violet rays in very different degrees (p. 623). 

A hollow mism filled with sulphide of carbon is also well adapted for the purpose, as it 
is sure to be uniform, if preserved from variations of temperature, and its dispersive 
power is very great. To form the spectrum, the sun’s rays, or the diffused light of the 
sky, entering a darkened room through a narrow slit, or condensed by a cylindrical 
lens, are made to pass through the prism, and the dispersed beam of light is view^ 
through an achromatic telescope. The lines and intermeiiiate spaces are thereby 
magnified, t^ number seen being greater in proportion to the magnifying power erf the 
telescope. The most favourable position for the prism is that of minimum deviation. 

lanes also exist beyond A in the red, and beyond the violet in a space occupied bv 
very faint lavender-coloured rays. The -first were observed by Brewster in a spaw 
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^.i*ltoAB(jJa.667),thesMonabySirJohii Her8ch.>l. To render these 

XrsI preca^ons are required ; amongst others it is nwessary to intercept all the ra^ 

between to red and violet, and line the tube of the telescope with black velvet. By 

Fig. 667. 




Red. OranK*. Yellow. Green. 

j fv'ntv fliASfl and other precautions, and using a prism of oil of cassia, which possesse* 
adophng Ar^ power Brewster was able to distinguish altogether about 1000 lines 
? ‘‘.'f »™Cra rTp of which, togellier with a delineation of the two extremities of 
in the speot , by Gdadstoiio when the sun was at alxnit his greatest 

the solar spectwm ^s obse^ea ^ Spectrum ” by Brewster 

and mshfone. published in the Philosophical Transactions for 1860 p. 149 

A stm greater development of the spcctnini, and an increa«..d number of hnes, are 
A suii fho ravs throuch a series of prism.s. In this manner Kirchoff has 

obtained by p ^ R y j f onabled to lay down a very elaborate map of 

thflokr irpublished in his work, translated by Koscoc, under tho 

title— AVscorcAt-s on the Solar Spectrum, and on the Spectra of the Chenneal bMmenU. 

= su a., .. 

same order, as in t 1.^ . v. y p' ,^jiy pe very clearly distinguished, 

of Mars Jupiter, and '^Tliat of &W,« contains 

Butthe ftxei 8‘', . ~"';:;?;'’„^trrg lino in the green, but none in the 

two dark ^ ^ of contains several faint linos, tho lino D oeciipying 

Sron^JyroTmeJtcasinthesol^ Sec furtherapapor by Huggins 

and Miller. appearance of the Lines. When a ray of light passe* 

Effect of coloured ' filling on tho prism dark lines make their appearance 
thixiugh a Z the ^ Wlien the light of a lamp, which of 

due to tho absorption onlv bright lines (p. 622), is passed through tho 

ilself gives a spectrum ^ ’ .'tie poH ions of too sltrum are covered 

red va^urofpernitnc oxid^toev^ ^ I density of tho gas is 

with black lines or ,o ..bliterate the violet rays ; at tho same 

increased, and “I**™, , 1,0 yellow and ultimately extend into tho 

time dark lines make tbmr appe ranc. brominelfKiurs pridu™ 

red (Brewste^ Phi . ^ '•j, by pcriiitric oxide, appearing first in the green 

dark lines diprent from tno j commf'iicement of tho rod, some being quite 

and yellow, then in the onuige Md at ^stenco of coloii in a vapour does 

black while others formed dark band^ ^/illTu *to moctnim, Tlie red impours of 
not, however, necessitate the ^hateve^ Neither ean the position of 

chloride of tungsten, for ^ . . . . gn^en pcrchloride of manganese, 

the bnes be inferred from the colour of Uie gas wi^ I p^,„itric oxide, 

they arc most abundant in the Vhe vapours of 

they increase in depth and Iw^^ and two simple bodies which 

simple bodies a^ell pluoe^thl^ abundantly in their comimunds ; r.y., 
singly do not produce ‘I**™’ "1^ J uncombine.!, produces lines, but some of 

neither oxygen, nitro^n, •><>' ^^bibit the phenomena in tho most stinking 

the oxides, both of mt^en nitrogen ami chlorine, some of them 

manner. There are, however, oxide of lines. I.,inc8 may also be product 

coloured, which do not occfwion comr>oun(Is ; thus iodine produces lines 

by simple substances, which - hv<lriodic acid. Sometimes tL same lines 

which do not appear in the T Bnme substance, a remarkable 

SZ^TTIiSk SriX.i» .xa..oioi»i... (W. * •> 

^wally increased, blacker^and uEatcIy oblifci-ating the onlinaiy 

riMingnih«J.tat gr^ually beaming b^k^an^^^^^ .puctm of all colored 

W ®>« "id" towhich they coind^ (Brewster.) 

*^. ^^2!r ;tlrS a dight colour, it is fxissibu that «.me at lemit of to 
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Gtdinary liuea of the Bolar apectrum mdy be due to the absorption of certain rays 
during their passage throngh the earth's atmosphere ; and in fact the lines are more 
numerous, and some of them, especially those in the red, are remarkably distinct when 
the sun is near the horizon, and its rays have co^equently to travel through a greater 
thickness of atmospheric air, than when he is at a greater altitude ; but the greater 
number of the lines are probably due to another cause, to be considered hereafter. 
(Jirewster and Gladstone, PhiL Trans. 1860, p. 140; Gladstone, Proc. Roy Soc. 
xi. 305.) 

Spectra of Flames and Incandescent bodies. 

Incandescent solids and liquids give continuous spectra without any dark linos op 
spaces. Plumes, i.e,, incandescent gases or vapours, give spectra consisting of bright 
bunds, more or h ss numerous, with dark spaces between. An alcohol flame or that 
of a Ilunsi'ri’s burner in which common salt or other volatile sodium-compound is 
ignited, g ' es a sj)ectrum reductKl to a narrow yellow band, coincident with the solar 
line D. Lithium ignited in a similar manner exhibits a single bright crimson line 
near the solar C. The potassium-spectrum, similarly produced, consists of a red band 
coinciding with A, and a violet band not coinciding with any of the principal solar 
lines, the intermediate portion of the spectrum being filled up with a diflused light. 
The thallium spectrum consists of an intense green lino near the solar line E, wliicli is 
split up by Gassiot’s train of eleven sulphide-of-carbon prisma into tliree separate linos. 
The spectra of tlio alkaline earths are equally definite, though more complicated. 
(Sco Analysis, Inorganic ; also Spectral Analysis.) 

In some cases, new series of bands become visible as the temperature rises ; thus the 
stwetrum of chloride of lithium in the flame of a Bunsen burner, gives but a single 
intense crimson line; in a hotter flame, as that of hydrogen, it gives an additional 
orange ray; and in the oxy-hydrogen jet and in the voltaic are, a broad brilliant blue 
bund likewise comes out. A similar effect is perc(*ived in the case of metallic iron, of 
thallium, and other metals when heated by the voltaic arc. A. Mitschorlich (Pogg. 
Ann. cxvi. 499) has shown tliat in flames of low temperature, the lines produced vary 
with the (Nimpouud employed, the spectrum then observed being that due to the com- 
pound, and not to its elementary constituents ; the spectrum of copper, for example, 
differs considerably from that of an alcoholic solution of chloride of copper, while that 
from an alcoliolic solution of iodide of copper differs from both. 

Spectra of the Klectric Light. — The sf)ectrum of the electric light exhibits briglit 
lines like those of flames. This was first observed by Wollaston, afterwanls by 
Fraunhofer, who found that the lino of bluish light obtained by discharging tlie 
electricity of a machine through a very fine wire, gave a spectrum containing a very 
bright line in the green. Wheatstone has shown that the electric light from the 
voltaic battery, the ordinary electric machine, and the induction coil, yield the same 
spectra when the spiU’k passes between conductors of the same kind; but the number 
and position of the lines varies with the natiu’e of the metallic poles ; if they are formed 
of an alloy, two systems of lines are obtained, one belonging to each of the metals ; 
the same is also the case when the two poles aire formed of different metals. These 
facts show plainly that the electric spark contains particles of metal detached from the 
conductors between which it passes. 

Masson, in the course of liis researches on electric photometry, already cited (p. 59G), 
examined the siiectm produced by various metals when employed as dischargers to 
a Leyden jar, and when heated by the voltaic arc, alld found them to contain a much 
greater number of lines than those of the same jfTetals delineated by Wheatstone. 
The difference was subsequently explained by A^strom (Phil. Mag. 1855, p. 329), 
who showed that Masson, in consequence of the intehso heat of the electric discharges 
wliich ho employed, ohtiiincd two spectra, one due to the metal, the other to tlie 
atmosphere itself^, which became ignited. Certain lines observed by Masson as coiib- 
mon to the spectra of all the metals, were really those atmospheric lines. By causing 
the spark to pass between the same metals immersed in various gases, the partifitiiar 
lines due to the metal remained unaltered, whilst tho others due to the gtdfeous 
medium, disappeared and were replaced by new lines. 

For further details, and for the methods of examining the spectra of 
incandescent l»odies, see SfkCtral Analysis. 

Kirckhojfs thiorg of the Lines in the Solar Spectrum. The Yapour of any 
absorbs rays of the same degree of refrangibility as those wliich are eDditjti 
same substance in the state of incandescence, that is to say, those 
bright lines of its spectrum. Thus ignited sodiuhi emits a yellow Um ' 
of which consists of two bright bands coincident with the doabll^^ ' 
spectrum. If now, through a flame eolouivd by sodium, 1^ 
the oxy-hydrogen flame, or that of the voltaic arc between 
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xnittedj the continuousiSpectrum produced by cither of these sources is intemipted by 
a black line coinciding with the solar line D. In like manner the spt'ctxa of po- 
tassium, lithium, barium, strontium and copper, may be reversed. On these facts 
Kirchhoff founds an explanation dfPraunhofors lines. He supposes that the luminous 
atmosphere, or photosphere^ of the sun contains the vapours of \'arious metals, and 
that behind this incandescent atmoephero is the still more inUuisoly heated solid or 
liquid nucleus of the sun, which emits light of all degrees of refrangibility, and would 
produce a continuous spectrum, were it not that some of the rays, in passing through 
the photosphere, are absorbed by vapours whicli are themselves capable of emitting rays 
of the same degree of refrangibility, so that Fraunhofer s lines are only the rt'versed 
bright lines which would be visible if the moi*e intens(‘ly heated nucleus were not there. 
A very careful comparison of the solar spectrum with those of various metals, has 
shown that the former contains dark lines coincident with certain bright lines in the 
spectra of sodium, potassium, magnesium, calcium, iron, chromium, and nickel: lionco 
Kifchhoff infers that the solar atmosphere contains tht'se metals, and jiossibly also 
zinc, cobalt, and manganese, but not lithium, copper, or silver. Angstrojn is of 
opinion that the presence of hydrogen and aluminium may also bt^ considered as 
proved, and that barium and strt)ntiuin are pi*obably also }>resent. (See Kirch h off’s 
liescarchis on the Solar Spectrum and on the Spectra of the Chtmticnl Klemcntk, trans- 
lated by lloscoo; also the article SrucTiiAL Analysis in this Dictionary.) 

Dispersive Powers of differait Media. 

The separation of the extreme rays of the spoetrum, and cf>r»Heqiumtly the length ot 
the spectrum produced by ditferent media, exhibits gi‘t‘at diversity. Suppose tlireo 
prisms to bo formed, one of water, the second of crown-glass, and the third of Hint- 
glass, with such refracting angles as to produce equal deviations for any given ray of 
the spectrum, say the line F, about the middle: thou it w'ill be found that the crown- 
glass spectrum is about H, and the flint-glass spec' rum 3^ limes as long as the water 
spectrum. It appears then that flint-glass di sperses the ditferent coloured rays much 
more than crowm-glass, and crown-glass much more than water. 

It is this ditference in the dispersion produced by different media for the same 
amount of refraction of a given ray, which rend«‘rs it }>ossible to form achromatic com- 
binations of prisms and lenses. The object of such combinations is to reproduce white 
light byrecombining the coloured rays which have sufli*red dispersion; and this is 
effected by passing the rays which have been dispersed by one lens or prism through u 
second lens or prism which refracts them the contrary way {hcc Jit/. OG/i, j). Glfl). But 
it is evident that if all refi’acting media dispersed tlio rays equally for a given amount 
of mean refraction, the only way of (*ffecting this would be to give the two prisms 
ilic same refracting angle (see fig. CG5), or the t wo lenses (one convex, and the 
other concave) equal curvatures ; but in this case all the rays would be brought back to 
the same degree of convergence or divergence as they liad befori' jtassing thi*oiigh the 
first lens or prism ; indeed the combination would act just like a jilate of glass with 
parallel faces, and wx'uld produce no alteration in the direction of fhe ra\s. But 
suppose two prisms, the first of crown- and the second of flint-glass, lo be placi^d 
together as in fig. 665, and their refracting angles to bo so jiroportioned as lo 
jiroduee equal deviations of the middle ray of the spectrum ; tlien, as alrr*a«ly ol>H<*rved, 
the flint prism will di.sperse the rays about twice us much as the crown ; and it instead 
of this, the refracting angles are so adjustt'd as to proiluee equal anmiints of dispersion, 
or spectra of the same length, then the angle of the second must be of such a magnitude 
as to deviate the mean ray less than the er«)wm-gh)SH j»Hsm does. .Such a eombinalion 
will recombine the coloured rays and repro<luee white light, without bringing buck the 
rays to tbeir original direction. In like manner, if a concave lens ot flint-glass be 
placed behind a convex lens of crown-glass, its curvature may be so udjnsfeil ns bi re- 
combine the colours without destroying the convergence of the rays produced by the 
crown-glass lens. 

Thnjiiifference between the indices of refraction of the extreme rays of the spectrum 
Mb — iMn or more precisely of the fixed lines B and H, jinaluced by any relraeting me- 
dtmalw called the coefneient of dispersion, or simply the dispersion of that 

IS a list of thirU*en substances placed in the order of tln-ir coefficients 
dotirminod by the most dispersive being placed first; Sulphur, 
enl of turpentine. Jceland-spar, diamond, crovm-glass, wat^ r, 
heavy-spar, njck-cryatal, fluor-spar. The most dispersive of all 
phosphorus, then a Sfilution of phosphorus in sulphide of 
carbon itself (see p. 629 ). 

iffipeisioD is applied to the difference of the refractive indices 
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of anT'Other two coloursy tbe red and yellow, blue and green, &c., always referred to tba 
principal fixed line belonging to each colour. The partial dispersions of any two sul)- 
stances are by no means proportional to their total dispersions ; consequently the colours 
are not distributed in the same manner in the spectra formed by the two substances. 

Sulphuric acid and oil of cassia, for example, produce spectra of nearly equal lengths ; 
but in the oil of cassia spectrum, the least refrangible portion — namely, the red, orange 
and yellow—is much less, and the more refrangible portion, from blue to violet, is much 
more expanded than in that produced by sulphuric acid. In like manner, flint-glass 
contracts the less, and expands the more refrangible portion of the spectrum, to a greater 
extent than crown-glass. This irrationality of dispersion must of course be attended to 
in the formation of achromatic combinations. 

The ratio of dispersion of two media is the ratio of the coefficients of dispersion, 


^ or of the partial coefficients belonging to the corresponding fixed lines in jihe 

fly fXf 

two spectra. This ratio has different values according to the two lines which are con- 
sidered. 

The term dispersive power is applied to the ratio of the dispersion-coefficient to 
the index of refraction of the mean ray diminished by 1. Taking as the mean ray the 
line E in the yellow, and calling its index of refraction the dispersive power is ex- 
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pressed by the formula, 

M// — t 

The following table contains the refractive indices of several media for the principal 
lines of the spectrum, as determined by Fraunhofer ; the last column contains the co- 
efficients of dispersion between the lines B and H : 


Refracting substances. 

B. 

c. 

D. 

E. 

F. 

G. 

11. 

(/Oeffi- 

eieu' s oi 
disper- 
Mioii, 

Flint-glass, No. 13 




1*62968 

1 *< 13.503 

1 - 64-202 

l *<')4826 

I • 600-28 

I•(i 7 l 06 

0 - 04;».31 

Crown-glass, No. 9 



l*.S 2 .’)K 3 

1 *. 5*2685 

1 *. 529.58 

1 •. 53.300 

1 *.53605 

I- 54 lt »5 

1 -. 546.56 

0 - 0*2073 

Water 



i*:«(»y 3 

l*.Vtl 7 l 

1 •33358 

1 •; 3358.5 

l*: 3 . 378-2 

1-34129 

1 -.344 18 

0 - 0 i; 3‘>5 

Solution of potash . 



l*. 3 t »<.»03 

l* 4 (M )51 

1*10280 

1 •10563 

1-40808 

1*41258 

1 - 416.37 

0-01674 

Oil of turpentine . 



1*47019 

1 * 471 . 5.3 

1 47443 

1*47835 

1*48173 

1 488*20 

r 4 :». 3 K 7 

0 - 0.'338 

Flint-glass, No. .3 . 



1 •r,<)‘ 2()4 

1 * 60.380 

1*60819 

1 611.53 

|•(i 2 ^K >4 

1*63077 

1 640.37 

0 * 0 . 383:1 

„ No. . 30 . 



1*02357 

1 * 6*2547 

1 * 6 . 30.58 

I*».;i 735 

1*61346 

1 -65540 

1*66607 

0 * 04*250 

Crown-glass, No. 1.3 



l*. 524 ;il 

I -. 52.530 

l*. 5 * 27-8 

1 . 531.37 

1 -53434 

1 63991 

l* 644<;8 

0 - 0*2037 

„ letter M 



1 *. 5.5477 

1 * 35.593 

1 -. 5.907 

1 *. 56.351 

1 *. 5(;»;74 

1 *. 57 : 3.53 

1 *.57947 

0-02170 

Fliut-gl.ass, No. V 3 . 



1*62059 

1 * 6*2817 

I*a 3 ;t 67 

1*61049 

1*64675 

1 •65885 

1 -66968 

0 * 4:3090 


Babinet has given a method of measuring the dispersions of bodies which can only 
bo procured in smjill fragments. The substance being cut into the form of a prism, 
ana its angle measured, a spectrum project etl on a screen by a prism of known angle, 
is viewed through the small prism whose dispersion is to be determined, in such a 
manner as to recompose the colours (p. 619), the ob^rver gradually increasing his 
distance from the spectrum till ho sees nothing but white light. If the prisms are in 
the position of least deviation, and their angles are not too large, their dispersions art^ 
to one another in the inverse ratio of their distances from the screen. 

Gladstone and Dale have made an extensive series of researches on the refraction, 
dispersion, and sensitiveness of liquids, the last term being used to signify the relation 
between the change of refraction and the change ofrvolurae by heat. The following arc 
the principal results obtained: 

1. Both refraction and dispersion diminish^iis the temperature increases. This law 
has been verified by observations on about 90 liquids (see p. 626). 

The following table exhibits these results in the case of a highly dispersive liquid ; 
it will be observed that the sensitiveness of the rays increases in the order of their re* 
frangibility. 

Refractive Indices of Sulphide of Carbon for the several Fixed Lines, 


Temperature. 

Refractive ludices. 

A. 1 B. 

D. 

E. 

F. 

G. 

H. 


1*6207 

1*6004 
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On oowpawng the chanw of refraction by heat with the correiponding change of 
volume in sulphide of carl^n, water, methylic, ethylic, and amylic alcohols, acetone, 
acetic acid, formic, acetic, and butyric ethers, methylic and ethylic iodides, salicylate 
of methyl, broraoform, benzene, xylene, cumene, nitrobenzene, hydrate of phenvl, 
the rectified oils of turpentine and Portugal, and eugenic acid, it was found that the 
refractive index minus unity (/* — !), multiplied into the volume, gives very nearly a 
constant product at different temperatures. The quantity m — 1 is tern^<^ by the 
authors, the refractive energy of a substanoo, and this multiplied into tlie volume, 
or divided by the density, is termed the specific refractive energy. The pre- 
ooiling law may then be stated as follows : — 7'he refractive energy of a body varies 
directly with its density, under the inJJnrnceof change of temperature ; or in oth^ words, 
the- specific refractive energy of a liquid is a constant not affected by temperature. The 
influence of dispersion, however, renders this law not absolutely accurate in the observed 
nuifibers: for the change of dispersion does not follow the same law, the speetnim con- 
tracting in some cases much more, and in otlier eases much less rapidly as the volume 
increases; indeed no relation is as yet discoverable between change of dispersion and 

density. , , -i? r 

2. The results obtained with mixed liquids, appear to show that the specific refrae- 
live energy of a mixture, is the mean of thespccijic refractive energies of its components. 
This law was tested witli sulphide of carbon and ether, substances which are almost at 
the opposite limits of the scale, and wore found to mix without condensation ; also witli 
aniline and alcohol, on mixing which, however, some diminution of volume occurs. In 
both these cases, the experimental numbers were slight ly below those deduced from the 
mean of the specific refractive en(‘rgies; yet no other formula could be devised which 
would give a nearer approximation to the indices actually observed. 

3. Compounds belonging to the same homologous series c.vhibU a progressive change, in 
refraction and dispersion as they advance in the series ; hut the deviation and extent 
of those changes depend on the other sut)8tances with which the radicle is combined. If 
however, we regard, not the actual indices, but these minus unity divided by the specifia 
gra vity, tec find an invariable increase as the series advances. 

The following tables exhibit this with regard to various groups of compounds con- 
taining the alcohol-radicles, 


Specific Uefractive. Energy. 


nadicle. 

Alcohol 

Iodide. 

Kfhcr 

of 

acid. 

Form- 

ate. 

Arc- 

late. 

Buty. 

rale. 

Ox.v 

iute. 

Mercury- 

rom- 

pound. 

Stannic 

com- 

pound. 

Hy. 

drids. 

Methyl . 


•4 1 os 

•2369 

•390.5 





•1707 

•3727 


Ktliyl . 
Trltyl . 

. cni' 

•4IS2 

•2014 

•4127 

•390.5 

•4152 

•4402 

•*3502 

-sll'i 

•3H76 


.C»H7 



•4.333 








I'ctryl , 
Amyl 

, CMI» 



•4402 








. C»H'> 

•4895 

•3213 

•4492 

•4432 

•4.506 

'4724 

•4300 



•5499 

•5522 

oc/;?' ; 

. C"H'r 

•6096 


•4730 



• • 



. • 

Dodocatyl 




•4890 






_’J 



Specific IHspersion. 



Alcohol. 

Iodide. 

Ether of 
acid. 

Acetate. 

Mrreury- 

rotiipoiiiui. 

Stannic 

compound. 

Hydride. 

Methyl. CH* 

163 

209 

168 


140 

266 


Ethyl . C'H* 

190 

218 

178 

*178 

170 

268 


Trityl . C>H' 

• • 

236 

191 





Tetryl . C'H* 



191 





Amyl . C*H" 

*212 

224 

198 

198 




Heptyl. C’H'* 




. . 

. . 

. . 

242 

Octyl . C*H" 

237 

• ' 


• • 

• * 

• 

236 


With regard to other groups of homologous bodies, it was found that l)enzene, Iwnzy- 
lene, xylene, cumene and cyraene, gave nearly the same numbers, and no re^ilar pro- 
gressions. Pyridine, picoline, lutidine, and collidine showed an augmentation of the 
specific refractive energy, but a diminution of the specific dispersion with the advancing 
cWnoline and iepidine (the refractive organic liquid known) showed an 

incrcaae of each of the optical properties by adilition of CIP. Hence it appe ars th at 
the influeniee of the added* increment on the rays of light differs in different grrmpSy 
just as it doei respect to the boiling point. 




626 LIGHT : RTEFBACTIC^^^^SiSwERSldN. 

4. IsoTtieric bodies are sometimes mdely different in hut in 

fmny eases^ especially where there is d^se chmicai rekdi^ml^^ is identity also in 
thisres^t. Several hydrocarbon of the type from essential oils, appear 

to be identical in actual refractive powei; notwithstanding slight differences of density. 
In dispersion there are some variations, but not in sensitiveness. Other hydrocarbons 
however, of the same ultimate composition, but differing considerably in physical 
properties differ also optically. Metameric compound ethers, such as valerate 
of ethyl and acetate of amyl, are optically identical. Aniline and picoline, each 
empirically C®H’N, are totally different. 

6. Iffect of Chemical Svlstitution. — When hydrogen is replaced by some other body, 
there is generally an increase of the actual refraction and dispersion ; but this is due to the 
increased weight, hydrogen having a very low actual, but a very high specific infiucinje 
on the rays of light. When two substitution-products are formed by substitution of 
the same element in a given compound, e.g. mono- and tri-chlorobenzene from benzene, 
the lower one always retains, in its optical properties, a position intermediate between 
the original substance and the higher product. 

From these facts, it may be inferred, as approximately, if not absolutely, true, tliat ; 
Every liquid has a specific refractive energy composed of the specijic refractive emrgiis 
of its component elements^ modified by the manner of combination^ but unaffected hy 
change of temperature ; and this refractive energy accompanies it when mixed with other 
jj , liquids. The. product of the specific refractive energy and the density at any given 

I temperature, is, when added to unity, the refractive index. 

i The following tables exhibit the numerical results from which the preceding con- 

I elusions are deduced. 



Table A. 

Refractive indices of the lines A, D, H at different temperatures'. 

The sign ? attached to .i liquid denotes that the puritv of the specimen is doubted. 

An asterisk * attaclied to a dogree of teinpcratuiu signifies that the observations at that temperature 
Were made on a different occasion to the observations at other temperatures. 

Specific gravities not determined from tlie specimens exaiuined are included in brackets. 





'IVmpc- 

1 Kefraciive indices. 

No 

Liquid. 

specific gravity. 

rat lire o 





ohsiM va- 







tion. 

A. 

1). 

H. 

1. 

Mcthylic alcohol . 

0-7972 at 20°C. 

(20° 

)37 

1-3264 

1-3205 

1-3299 

1-3238 

1-3395 

1-3330 


Ditto from oxalate 

0-7960 at 20 

J20 

1-3268 

1-3297 

1-3396 



/29-6 

1-3230 

1-3262 

1-3359 

3. 

Amylic alcohol . 

0-8179 at 15-5 


1-3988 

1-4030 

1-4161 


)41 

1-3924 

1-3966 

1-4093 

4. 

Caprylic alcohol . 

0-8214 at 15-5 

W. 

1-4157 

1-4202 

1-4351 

)47 

1 4073 

1-4118 

1-4266 

& 

Iodide of methyl 

2-1912 at 20 


1 5203 

1-5307 

1-5670 


} 29-6 

1-5104 

1 5202 

1-5649 




( 23-5 

1-5003 

1-5095 

1-6420 

6. 

Iodide of ethyl . 

1-9228 at 20 ^ 

136 

1-4918 

1-5006 

1-5326 

' "! 



(48 

1-4841 

1-4934 

1 6250 

1 



/ 8-5 

1-5001 

1-5095 

1-5418 

7.1 

' Iodide of trityl . 

1-7117 at 20“'- 

}20 

1-4934 

1-6024 

1-5342 




(30 

1-4871 

1-4963 

1-5272 

8. 

Iodide of amyl . 

1-4950 at 20 


1-4816 

1-4892 

1*6149 



1-4720 

1-4797 

1-6046 




.22 

1-3540 

1-3582 

1-3694 


Formic ether . . . 

0-9088 at 20 

|31 

1-3500 

1-3540 

1-3652 




(40 

1-345 6 

1-3494 

1-3608 

40i 

Acetic ether 

0-8648 at 20 

^20 

1-364 5 

1-3685 

1-3798 

)28 

1-360 6 

1*3644 

1-3765 




;23-5 

j 1 3663 

1*3692 

1*3809 

11, 

Acetic ether 

0-8972 at 20 

)33 

1 1*3606 

1*3643 

1*3767 




41 

! 1*3563 

1-3602 

1*3711 




(22*5 

<’32 

1*3696 

1*3736 

1*3860 

12. 

Propionic ether , 

0-8555 at 20 

1*3667 

1*3698 

1*3819 




(42 

1*3610 

1*3651 

1*3771 


UGHTji 


AND DISPERSION 


Tabiia k-^eontinned. 



Butyric ether 


Valerianic ether • 


Acetate of amyl 


Ditto, second specimen 


Acetate of octyl ? 


Hydride of hcptyl 


Hydride of octyl . 


Mercuric methyl ? 


Mercuric ethyl ? . 


Stannic ethyl-methyl ? 


Stannic ethyl ? 


Triethylarsine 


Acetic acid . 


Amylene 


Carbonic ether 


Boracic ether 


Silicic ether 


Salicylate of methyl 


Nitrate of amyl . 


Chloroform . 


1 Bromofbrm , 


Specific gravltr. 


10*8778 at 20OC. 


0*8680 at 20 


0-8680 at 20 


0*7090 at 20 


0-7191 at 20 


1-2220 at 20 


1*1920 at 20 


1*0592 at 20 


0-8117 at 15-6 


0-7161 at 20 


0-9720 at 20 


. 0*8760 at 20 


0*9320 at 20 


1*1760 at 20 


1*0008 at 20 


1*4980 at 20 


2*6360 at 12 


Dutch liquid ... • • 

Dibromide of bromethylene . 2*6160 at 20 
Dibfomide of chlorethylene . 2*2477 at 20 


Refiractive indtcei. 


*3773 1*3810 1*8936 


•3664 1*3698 
•3578 1*3604 
•3781 1*3821 
•3724 1*3768 
6206 1*6319 
6140 1*6263 
4109 1*4167 
4063 1*4097 
3988 1*4036 
*4411 1*4463 
•4346 1*4397 
1*4263 1*4308 
1*6679 1*6674 
1*6606 1*6698 
1*6437 1*6631 
1*4175 1*4221 
•4082 1*4126 
•6819 1*6916 
*6701 1*6787 
*6477 1-6669 
1*6413 1*64941 1*6770 


m 




Ittt. 


1 


11 ^ 















-IMP plSPERSION 


Tablr A---^ntmu4d, 





64.1 Hydrocarbon flpom turpentine |0’864iat 20'^C. 


carraway 0 8529 at 20 


thyme . 0-8635 at 20 


. 0 8510 at 20 


bergamot 0*8467 at 20 


0-9041 at 20 


cubebs . 0-9270 at 20 


71. Carvene 


0-9530 at 20 


72. Eugenic acid 
7 3. Camphor of peppermint 


1-0640 at 20 


0-8786 at 43 


74. Glycerin 


1*2610 at 17 


75. Nitroglycerin? 


76. Nicotine 


1-0260 at 18 


77. Tribromide of phosphorus . |2-880 at 20 


78. Trichloride of phosphorus . 1*4630 at 20 


79. Oxychloride of phosphorus , 1*6800 at 20 


Table B. 


Refractive Indices. 


RefrtMive indicei. 



The liquids in this table are arranged according to their power of rofractil^ 
lino A at 20° C. 


Hefractivo indlcei. 


Phosphorus 

Phosphorus in sulphide 
of carbon 

Tribromide of phos>’ 



phorus , 

Sulphide of carbon • 


llibrotnide of broni< 


1-9627 1*9744 1*9941 



^bvtified oil of fstsia 1 28 
21 
24 


62 
61 

1*68791 H08 


1 


* ' 

[Sr 


m 
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Table B — continiied. 


Refractive indices. 


A. B. C. D. 


F- G. H. 


Tnchbiobenzene 
Bromoform 
Dinitxobenzene in ni 
^ trobenzene 
Bibromide of chlor 
ethylene . 
Nitrobenzene 
Hydrate of phenyl 
Hydrate of cresyl 
Eugenic acid 
Mercuric methyl 
Salicylate of methyl 
Iodide of methyl 
Mercuric ethyl . 
Nicotine , 
Chlorobenzene , 
Amyl- aniline 
Trichloride of phos 
phorus . 
lo^de of ethyl . 
Burned oil of santal 
wood 

Hydrocarbon from 

cubebs . 

Pyridine . 

Lutidine . , 

Collidine . 
Hydrocarbon from 

cloves . 
Pseudociimone . 
Iodide of amyl . 
Oxychloride of phos 
phorus . 

Benzene . 

Benzylene . 

Cymene . 
Nitroglycerin 
Hydrocarbon froi 

Portugal 

Cumene (2nd spoci 
mei^ . 

Stannu «tbyl . 
Biohl<^de of chlor 
ethylene 

from 

Hydiocarbon from 

oiirraway 

HydrooBrlion from 

oil of citro 

lEjjIdifiWbon ^m bay 
Stannic ethyl-methyl 
Chloroform 
OctyK^ alcohol . 
Nit^t». bf emyl . 


I 1-5563 1-5602 . . 1*5671 . . 1*5809 1-5945 16065 

1-5579 1-5610 1*5628 1*5674 1*5737 1*5790 1-5901 1-5998 

1-5460 1-5506 . . 1*5600 . . 1 5791 1*5994 


1-5500 . . 

1-5371 1 5398 
1-5416 1-5433 
153<7 . . 

1-5321 1-5341 
1-5232 . . 

1-5241 1-5263 
1-5234 . . 

1-5333 . . 

1-5174 . . 

1-5223 . . 

1-5150 1-5168 


1-5052 1-5088 
1-5003 1-5034 

1-4954 1*4977 

1-4988 1-5012 
1-4940 1-4967 
1-4894 1-4924 
1*4927 1-4958 

1*4918 1-1944 
1*4843 1-4872 
1-4816 1-4843 


1-5600 . . 1-5791 1-5994 

1-55 54 1-56 59 1-5748 1-5830 

1-5465 1-5554 1-5643 1*5832 
1-5488 1-5564 1-5639 1-5763*1-6886 
1-5445 . . 1-5573 1-5699 1-6813 

1-5394 1-5464 1-552 8 . . 1-5780 

1-5296 . . 1-5368 1-5526 1-5626 

1-5319 1-5402 1-5478 1-5640 1-5810 
1-5307 1-5377 1-5440 1 6558 1 5670 
1-5397 . . 1-6618 1-5634 1-5729 

1-5234 . . 1-5346 1-5449 1-5512 

1-52 90 . . 1*54 1 8 1-6530 1-56361 

1-5222 1-5292 1-6361 1-5491 1-56221 

1-5148 . . 1-5252 1-5357 1-5146 

1-5095 1-5156 1-6214 1-5321 1-5420 

1-50 15 . . 1*50 93 1-6161 1-5223 

1-5055 . 1-5145 1-6227 1-5294 

1-5030 . . 1-5155 1-5278 1-5387 

1-49 87 . . 1-5 1 00 1-6204 1-5308: 

1-50 1 3 . . 1-5 1 27 1-52 32 1-53-29 1 

1-4 9 85 . . 1-50 64 1-5 1 40 1-5209 ^ 

1-4932 . • 1-5040 1-5146 1-5236 1 

1-4892 1*4941 1*4987 1-5074 1-5149 


1-4810 1-4840 . . 1-4882 . . 1*4067 1*5047 1-5118 

1*48 79 1-49 1 3 1-4931 1-49 75 1 50 36 1 50 89 1-5202 1-5305 
1-4869 1-4898 . . 1*4957 . . 1*6072 1-6174 1-5271 

1*4648 1-4671 . . 1*4717 1-4766 1*4808 1-4866 1-4957 

1-4683 1-4706 . . 1*4749 . . 1*4824 1-4899 1-4947 


1-4617 1*4640 

1-4 G 87 1*4709 
1*4606 1-4629 


1*4758 1-4826 1-4894 

1-4853 1-49361-5008 
1-4758 1-4838 1-4905 


1-4661 1-4680 . 1-4714 . . 1*4784 1-4841 1-4892 

1-4596 1-4616 1-4653 1*4691 1-4724 1-4790 1-4845 

1-4594 1-4615 . . 1*4652 . . 1-4724 1*4789 1-4844 

1-4574 1-4598 . . 1*4640 . . 1*4721 1*4798 1*4865 

1-4598 1*4619 . . 1-4655 . . 1*4730 1-47951-4860 

1-4546 1-4567 . . 1*4610 . . 1*4690 1-4766 1-4818 

1-4556 1-4578 1-4590 1*4626 1*4674 1*4716 1-4796 1*4868 

1*4438 1*4457 1*4466 1-4490 1-4626 1-4555 1-46141-4661 

1-4230 1*4246 1*4255 1*4279 1*4309 1*4338 1-4386 1-4429 

1-4109 1*4127 . . 1 4167 . . 1*4219 1*4274 1*4320 

1-3981 1-3999 . . 1*4024 . . 1*4078 1-41221*4161 

1-40*22 1*4037 . . 1*4065 . . 1*4076 1*4141 1*4197 1 

1-3956 1-3968 . . 1*3996 . . J 1*4045 1*4087 1*41351 
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TaWe B—eoniinued. 


Liquid. 

Temp. 

Refractive indices. 

A. 

B. 

C. 

D. 

E. 

K. 

0. 

H. 

Ac#^tate of amyl 

Butyric ether . 

8°6C. 

1-3944 

1-3958 



1-3998 


1-4036 

mo?? 

1-4118 

23 

1-3850 

1-3864 

, , 

1-3888 


1-8938 

1-3981 

1-4018 

8 

1-3850 

1-3866 


1-3896 

, , 

1-3944 

1-3992 

1-4033 

Araylene . 

Carbonic ether . 
Propionic ether . 
Boracic ether 

Acetic fther 

Alcohol 

22 

1-3773 

1-3786 


1-3810 

. 

1-3866 

1-3896 

l-393a> 

22*5 

1-3696 

1-3713 


1-3736 


1-3786 

1-3827 

1-3860 

22-5 

20 

1-3664 

1-3645 

l-’3658 


1-3698 

1-3686 


1-3742 

1-8728 

1-3785 

1-3766 

1-3815 

1-3798 

15 

1-3600 

1-3612 

1-3621 

1-3638 

1-3661 

1-3683 

1-3720 

1-3751 

26 5 

1-3540 

1-3554 


1.3582 

. , 

1-3629 

1-3670 

1-3706 

Acetone 

Formic ether 

Ether ... 

Water 

Methylic alcohol 

22 

1-3540 

1-3553 


1-3582 


1-3627 

1-3666 

1-3694 

15 

1-3529 

1-3545 

1-3554 

1-3566 

l-’3590 

1-3606 

1-3646 

1-3683 

15 

1-3284 

1-3300 

1-3307 

1-3324 

1-3347 

1-3366 

1-3402 

1-3431 

20 

1-3264 

1-3277 


1-3299 


1-3330 

1-3669 

1-3395 


Cause of Dispersion.— Ks the Bevoral eolours oorrospond to vibrationg of dif-. 
ferent rapidity, and the deviation of rays of light in refraction depends on the change^ 
of velocity of light in pjissing from one medium into another, it follows that in ortler 
to explain dispersion, we must suppose that this change of velocity is different for rays 
of different colours, that is to say, that waves of different length travel through 
refracting media with different velocities. This consequence was for a lon^ time re- 
garded as a grave objection to the undulatory theory of light, being in fact m contra- 
diction to the general formula for the velocity of undulations esUblisluMi by Newton» 

viz. V* « j It must, however, be remembered that though the velocity of liglit in 

free space is the same for rays of all colours (p. 694), it is by no means necessarily 
so in transparent media, which retain the ether imprisoned, as it were, between their 
particles. The waves must then turn round these molecules, and it is easily con- 
ceivable that the retardations thus pniducod may bo greater for the shorter than for 
the longer undulations. That sucli is the case has m tact been proved by the ana- 
lytical researches of Cauchy ; but the demonstration is not of a character to bo intro- 
duced into this work, and does not admit of representation in a more elementary form. 


mating. Chemical, and Phosphorogenio Bays of the Spectrum. 

All the rays of the solar spectrum are capable of giving heat an well as light. A 
thermometer held in any part of the si.ectrum indicates a nse of temnerature; but 
the heating effect is very different in different parts, being greatest at the red ei^ of 
the spectrum ; but the particular position of the maximum heating 
the kind of prism used. Moreover, there are invisible heat-rays situated 
red, and therefore of lower refrangibility than any of the luminous rays ; 
flint-glass prism is used, the maximum of heating power is situated beyond the visibly 

^l^^Vclra of flames exhibit similar results, provided the 
emit are capable of passing through the substance of .which tho prism d, ^ 

is not always the case. (See Radiation of IIbat.) . , u ,• ^ ^ .kv 

, The 8oJr rays are alw capable of producing 

reducing order. Thus silver-salts are blaek. n«l and more or “PT?* 

to daylight, and the leaves of plants, under the .nflnence of snnl.ght, d^ona^M th, 
carbonic acid in the air, and assimilate its carlmn. Tins action ^ 

luminous rays of the SMctrum, but chiefly by the violet rayj an.l by non-lumi^ 
rays extending to a considerable distance beyond the vioh? . e ye which 

have but littlf chemical power: hence ordinary flames (hydrocarbon 
these rays greatly predominate, exert but little action on chloride of silver 
bodies, ^SHhange rapidly nnd. r the influence of so ar light ; and in mimoct raiMt o 
yeUow flames, such M that of alcohol containing a swlium-salt, the ehemieal imtio^ 
altogether imperceptible. Photographers develope their , 

light ia admitted Lly through yellow glass or prellow paper. 

other hand, like that of burning magnesium, emit rays whoso chemi^ ac favity g iM 
that of sought though their lumHiosity is incomparably less. Th» mgt m^ 
chemical action is not, however, produced upon all substances in the piie-of 
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the spectrum. According to R Becquerel (Ann. Ch. Phys. [3], ix. 257), chloride of 
silver begins to blacken in the extreme violet between the lines H and G, the colora- 
tion extending on the one side nearly to F, and on the other considerably beyond the 
visible violet. With the iodide and bromide of silver, the eifect is similar, excepting 
that the action does not extend so far beyond the violet, and the maximum does 
not occupy the same place. Guaiac-resin, which is turned blue by exposure to 
sunlight, is not at all alfected by any of the visible rays of the spectrum, the action 
banning only in the ultra-violet, and the maximum being situated a long Way beyond 
the end of the visible spectrum. 

The chemical spectrum contains fixed lines, that is to say, portions in which no 
chemical action is produced, so that when a piece of paper covered with chloride of 
silver or other sensitive substance has been exposed to the spectrum, the blackened 
mirface is traversed by lines of the same colour as the original substance, in the ultra- 
violet as well as in the visible portion of the spectrum. A diagram of these line! will 
be given in the next article on the Chemical Action of Light. 

The inburposition of colourless plates or jUms does not modify the chemical action in 
the visible part of the spectrum between A and H ; that of the rays between H and P 
is likewise unaltered by certain transparent substances, such as water, alcohol, sulphuric 
acid, &c., whereas oth(‘r substances, lx>th liquid and solid, weaken the cliemical action 
of the most refrangible chemical rays situated beyond the visible spectrum, frmn P to 
a ix>int more or less near to H. With nitric acid and oil of lemons, the absorbent 
action stops at N ; with creasote, bitter almond-oil, and a dilute aqueous solution of 
aulphate of quinine, at II. (For further details respecting the chemical action of light, 
see the next article.) 

The different rays of the spectrum also differ in their power of producing phos- 
phorescence. When Canton’s phosphorus spread on a sheet of paper is exposed in 
a dark room to the action of the spectrum, phosphorescence is produced by the rays 
between G and P (see figure in the next article) ; there is a less luminous portion 
beween I and N, and two maxima, one between H and G, the other in 0. The 
Bolognian phosphorus gives similar results, excepting that there is no minimum in 
I N, and only one maximum between I and M. It appears therefore that the phos- 
phorogenic rays occupy the same portion of the spectrum as the chemical rayns. 

The colour of the phosphorescent light, which may vary from orange-rea to violet, 
has no relation to that of the exciting rays, excepting in the case of three substances : 
sulphide of barium, which shines with an orange-yellow light when it has been ex- 

* t , ^ 1 . -A TT -r» _ ‘..K U 1*1... 1 ‘A .1 


it has been expos^ to the rays between F and 0, and exhibits a slight greenish shade 
when the incident rays are comprised between O and P ; lastly, the substance obtained 
by the action of sulphide of potassium on oyster-shells calcined with lime, which 
qmita a violet-indigo light after exposure to rays of the same tint, and becomes blue 
in the ultra-violet rays. In general, the emitted rays are less refrangible than the 
exciting rays, the last-mentioned substance, however, forming an exception to this rule. 

The electric light, which is very bright and very rich in highly refrangible rays, 
produces phosphorescence more actively than the solar rays. The sudden discharge is 
more efficacious than the continuous light of the voltaic arc. 

The phosphorogenic spectrum likewise exhibits dark linos or lines of no action ; but 
to see them it is necessary to extend the spectrum to about ten times its usual length 
by means of diverging lenses. Lark lines are then seibn on the phosphorescent surface, 
occupying the same position as those of the luminous and chemical spectra. They 
fnay be rendered more distinct by heating the pjwwphorescent body to between 200® 
and 300® ; the luminous portions then become brighW, and the lines more distinct 

Transparent substances, both coloured and colourless, placed in the course of the 
incident rays, absorb the phosphorogenic rays in the same parts of the spectrum as the 
luminous and chemical rays. 

Identity of the calorific, luminous, chemical, and phosphorogenic rays . — It was 
formerly supposed that the rays producing these several effects are distinct from each 
other ; in fact, that luminous b^ies emit four kinds of rays, which, when dispersed 
by a prism, form four spectra superposed over each other, out havinff their maxima 
and minima at different places. But it is much more probable that the rays or 
undulations are all of one kind, and capable of producing one or other of the effects 
'above mentioned, according to the nature of the l^ies or organs upon which they acL 
In fact, the calorific and chemical rays are reflected and refitted in the same manner 
as luminous rays of equal refrangibility ; the calorific, luminous, and chemical spec^ 
are intemipted by the same lines ; and bodies which absorb the luminous i^s likewiM 
heat^rays snd chemical rays of the same degree of refrangibility. llie same is 
iiue with regard to the phosphorogenic rays, so far as they extend into the luminous 
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of the spectrnm. Moreover, Fiieau and Foucault have shown that the chemical 
P^-ns produwd at the focus of a lens by the light of the voltaic arc and the Ume-hght, 
to one another in the same ratio as the luminous intCMjty. 

The nroduction of the several effects above mentioned by the same rays, is quite in 
occorfimce with the wave-theory of light. The waves of the ether steiking on tte 
!.^aee of ponderable bodies throw their particles into vibration, mi the pwUc^ 
Xu produred are determined by the rate and mode of vibration thus excited, whiA 
rLmselves depend upon the manner in which the particles of the bo^ are held 
il^cethor as well as upon the rate of vibration of the incident waves. Kays whose 
ciiEth and rapidity of vibration are such as to excite in our organs the sensations of 
both heat and light, may, when tlioy impinge upon a ponderable body, set its 
into such a rate of vibration as to excite in the surrounding ether, waves whose lengtli 
And ‘rapidity of vibnition correspond to the least refrangible rays of t^e Bpectrum 
bevond^ the^visible red. In like manner, we shall presently see that the invisible 
phemical rays at the other end of the spectrum may excite vibrations of loss rapidity, 
visible the body on which they impinge. The effect thus produced is 


which render 
called 


Flttoresoences 


It was observed some years ago, by Sir John Herschol, that a solution of sulph^e 
of ouinine, though perfectly colourless by transmitted light, exhibits in cortam aspects 
a peculiar blue colour. This blue light was found to be prmlueod only by a vejy 
thin stnitum of liquid ai^acent to the surface by which the light entered and the 
incident beam, after having passed through the stratum from which the blue light 
came was not sensibly weakened or coloured, but had lost the power of producing the 
usual blue colour when admitted into another solution of sulphate of qiiinino. liight 

thusmodiaedwassaidby Sir J. Herseheltoboc^poW. 

Similar phenomena were obsei^-ed by Sir I). Brewster in an alcoholic solution of 
clilorophyll, the green colouring matter of leaves, the path of a tom of sunlight ad- 
mitted into the green solution being marked by a bright light of a blood-red colour. 
The same appearance was afterwards observed in various vegetable solutions and 
essential oils, and in some solids. Brewster distinguished tins iihonomenon by the 
name of mternal dispersion, attributing it to the irregular reflection of the light from 
coloured particles suspended in the liquid, and was of opinion that Ilerschcl s opiiwhc 
dispersion was only a particular case of tliis internal dispersion. ^ 

i'he true explanation of these reinarkaVile phenomena has, however been given by 
Professor Stokes, who has shown that the peculiar dispersion produ(M.‘d by Bulphate of 
quinine, and the other liquids above mentioned, is due to a chimjc of ref rangihtlHy tn 
the rays of liqht. The following experiment renders this evident 

A solar spectrum is formed by means of an achromatic lens, and one or more prisms 
of flint glass, sufficiently pure to render visible the principal Ax.mI lim-s and a tube 
filled with a solution of sulphato of quinine is passed along this speetnim, from the red 
towards the violet end. Nothing peculiar is observed while the tube is lield in the less 
refrangible part of the spectrum, the light passing through it freely and without sen- 
sible modification; but just before it reaches the extreniity of the violet a poculu r 
blue diffused light makes its appearance at the surface of the fluid by which the light 
enters, and remains visible, even after the tube has passed )>eyond the violet into the 
invisible portion of the speetnim, acquiring, in fact, its greatest luteiiHity at a certain 

distance beyond the extreme violet, • 

The strium of liquid from which the diffuKcd blue hjiht ernamiteH i« 'l"nner m 

proportion as the incident rays are more refrangible ; uml, from a little beyond th 

extreme violet to tho end of the epcctmm. the blue rpuoo ib rciliioixl to an nx^ivdy 
thin Btratum adjacent to the anrfaco by which the ray. enter It “,7- 

that the iolution, though transparent with rcaiiect to nearly tho whole of the ViBiblo 
»y«, ia of an ink^ blaSneflo with respect to tho invnnble rays more refranmble tl an 
the violet. Novcrthelens, these rays, when once they have been converted into the 
vimblc blue light, pass through the liquid with fiwi ity. Choy mud. 
essentially alte^ in character. Now, a change in the qualitpr of light must 
either in i modification of its state of polarisation, or in its period of 
former supposition is excluded by the fact that the light thiis mollified is not ^lans^ 
at all. It must, therefore, have undergone a change in its Rite of vibration, and 
ronaeqoently a diange of refrangibillty. The existence of Hus change is, 
distinctly proved by examining the diffused light with a pnsm. It is 
Vie by no means homogeneous, but to be re«dv^ablo into rays of 

the whole of which are, however, compnsid within the limits of the visible^ s tra ta. 
The diffused blue light consute of the chemual rage rendered vunble by a change tn 

* dh*^^& produced is entirely distinct from that which is due to reflectioa 
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from irregularities or suspnded particles. The two phenomena are often produced 
together in the same medium ; but they are easily distinguished by the fact that tho 
light diffused by irregular reflection is more or less polarised, whereas the light diffused 
in the manner above described is entirely unpolarised, even if the incident rays were 
themselves polarised. This phenomenon, to which Professor Stokes originally gave the 
name of diffusion, to distinguish it from the false diffusion produced by irreguhu- 
reflection, is now called Fluorescence. 

It is exhibited by many solutions, and by many solid boilies, opaque as well as 
transparent, the colour of the diffused light racing with the nature of the medium. 

An aqueous infusion of horse-chesnut bark exhibits it very strongly, producing a blue 
colour similar to that of sulphate of quinine. Many compounds of sesquioxide of ura- 
nium are also highly fluorescent, and diffuse a greenish-blue light, especially the 
nitrate, and canary-glass. A decoction of madder mixed with alum gives a yellow or 
orange-pllow fluorescence ; tincture of turmeric and alcoholic extract of thorn-apple 
seeds diffuse a greenish light ; an alcoholic solution of chlorophyll, a red light. 

When the fluorescence is strong, as with sulphate of quinine, it may be seen by 
merely viewing the substance by ordinary diffused daylight. For more accurate obser- 
vation and for detecting fluorescence when it exists only in a slight degree, the 
following method is recommended bv Stokes (Phil. Mag. [ 4 ], vi. 304 ): — 

Light is admitted into a darkened room through a hole several inches in diameter in 
the window-shutter, and the object to be examined is placed on a small shelf, blackened at 
the top, and fixed just below. Tho hole is covered with an absorbing medium, called \\ 
the principal absorbent, so selected as to transmit only the feebly luminous and in- 
visible rays of high refrangibility. Tho body on the shelf is viewed tlirough the second 
medium, the complementary absorbent, which is chosen so as to be as transparent as 
|)088ible to those rays which are absorbed by the first, and to absorb all the rays which 
are transmitted by the first. If the media are well selected, they produce a very near 
appifuich to perfect darkness ; and if the object appears unduly luminous, that effect 
most probably arises from fluorescence. To determine whether the illumination is 
really duo to that cause, the complementary absorbent is removed from before the eyes 
to the front of the aperture, when the illumination, if really due to fluorescence, almost 
wholly disappears ; whereas, if it be due merely to scattered light capable of passing 
through both media, it remains. In examining feebly fluorescent substances, however, 
it is better to keep the second medium in its place before the eye, and to use a thircl 
medium, the transfer-medium, placing tho last alternately in the path of the incident 
rays, and between the object and the eye. Still greater delicacy of observation is 
attained by placing the substance side by side with a small white porcelain tablet, which 
is quite destitute of fluorescence, and examining tho two as above. Or, again, the 
object being placed on the tablet, a slit is held close to it, in such a position as to be 
seen projected partly on the object, partly on the tablet, and the slit is viewed through 
a prism. The fluorescence of the object is evidenced by light appearing in regions of « 
the spectrum, in which the rays coming through the principal absorbent, and scattered 
by the tablet, then produce nothing but darkness. These methods are delicate enough 
to show the fluorescence of white paper, even on a very gloomy day. 

It is not merely the most refrangible rays that are capable of producing fluorescence; 
the rays of any part of the spectrum may undei^o this change. By examining different 
media with the spectrum in the manner already described, it is seen that the fluores- 
cence begins, sometimes in the blue, sometimes in the yellow. With an alcoholic solu- 
tion of chlorophyll, it begins in the rod. But whereverthe change of refrangibility may 
begin, it is always in one direction, consisting in a diminution of the index of refraction, 
and a consequent depression of the light in the sc^ of colours. In other words, the 
length of the wave is hicrcased, and its velocity ofhnduiation diminished. The vibra- 
tions of the ether in the incident ray appear to excite disturbances within the complex 
molecules of the fluorescent medium, whereby new vibrations are excited in the ether, 
differing in period from those of the incident ray. The portion of the light which has 
produced this molecular disturbance is used up or absorbed, and thereby lost to visual 
perception, just as heat is converted into mechanical work. It is probable that the ab- 
sorption of light always takes plac.e in this manner. The well-known fact of the con- 
version of luminous rays into invisible calorific rays, is, as already observed, a striking 
instance of diminution of refrangibility accompanied by absorption. 

As the most refrangible rays are the most activf* in producing fluorescence,* it is 
natural that this effect should be most strikingly exhibited by the light of flames wUch 
are rich in those rays, — the flame of alcohol and of sulphur, for example. These flames 
do» in fact, produce the effect in a higher degree even than sunlight. An extremely 
beautiful effect is produced by exposing a number of highly fluorescent media, such as 
sulphate of quinine, infusion of horse-chesnut bark, and cunary-glass, to the flame of 
sulphur burning in oxygen in a (birk room. 


LIGHT : FLUORESCENCE. 


635 

The colour and composition of fluorescent light sometimes iiflbrd valuable aid 
ia distinguishing between one substance and another, and in testing the purity of 
solutions. With a solution of a pure substance, the tint of the fluorescent light is 
almost perfectly constant. But this tint, it must be remembered, ia that of tlie liglit 
as emitted, not as subsequently nwdijii d by absorption on the part of tlie solution, in 
case the solution be sensibly coloured, and some precautions are required in order to 
observe it correctly. The fluorescence observed in solutions from the barks of the 
horse-chesnub ash, &c., was formerly attributed indiscriminately to the presence of 
sesculin, whereas a purified solution from the bark of the hor.se*chesnut exhibits a fluores- 
cence very sensibly different from that of sesculin, which observation alum* would snflico 
to show that the bark must contain some other fluoresc«'nt substance besides flescnlin. 

The best mode of observing the true fluorescent tint is to dilute tbe liquid con- 
siderably, and to pass into it a beam of sunlight, condensed by a lens fixed in a board 
in ^uch a manner that as small a thiekne.sM of the liquid as po.ssiblo shall intervene 
between the fluorescent substance and the eye. If a stratum of this thickness of the 
dilute solution is sensilfly colourless, the tint of the fluorescent light will not bo 
sensibly modified by subsequemt absorption. But as direct sunlight is not always to 
bo had, the following method, requiring only difluse<l daylight, may al.so be used, the 
solutions being pretty strong, or at least not extremely dilute. 

A glas.s containing water and blackened internally at tlie bottom is placed at a 
window, and the solution to be examined as to its iluorescMuit tint is ]>lHced in a test- 
tube which ia held vertically in the water, the top slightly inclining from the window, 
and the observer regarding the fluorescent light from above, looking outside the test- 
tube. Since by far the greater part of the fluorescent light comes from a V('ry thin 
stratum of liquid next the surface by which th<“ light enters, the fluorescent rays have 
mostly to traverse only a very small thickne.Ms of tin* coloured liqui*! before reaching 
the eye; the water permits the escape of those fluort'seent rays which woidd 
otherwise be internally reflected at the external surface of the test-tube, and the in- 
tensity of the light of which the tint is to be oUserved is increased by foreshortening. 
(Stokes, Chem. Soc. J. xi. 19.) 

The nature of the solvent must also be attended to. The c<»lonr of the fluorescent 
light is liable to change, not merely in passing from an alkaline to a neutral or mud 
sohjtion, but even occasionally in passing from on»» neutral solvent to another. 

The composition of fluorescent light, as revealed by the prism, occasionally present.s 
peculiarities, but in such cases they are fouml tola* connected with peculiarities in the 
inode of absorption, so that the two are not to be ivgarded as indepnident characters 
of a substance; and as the peculiarities in the absorption are, as a general rule, the 
more easily observed, it is only rarely that tln^ analysis of the fluorescent liglit is of 
much use. 

The distribution of fluorescence in the sp<*etrum often affords valuable information, 
but its observation requires the use of somewhat complicated apparat us. Theobsj'rva- 
lioii is restricted to times when the sun is shining pretty steadily (unless the observer 
has recourse to electric light, or at least lime-light); it is requisite to n*flect the 
sun's light horizontally, witnout which the observation would bo most troublesome; 
and unless the reflexion be made by the mirror of a helioslat, the continual change in tho 
direction of the reflected light is mo.st inconvenient. It is requisite to use at least one 
g<Kxl prism, better two or three, which must be of tolerable size, in order to Inive 
light of sufficient intensity, and the prisms must be combined with a lens, which need 
not however be achromatic. 

It has already been stated, as tho result of experience, that tho colour of the fluo- 
rescent light of a single substance is constant throughout fho spectrum, or very nearly 
so. If, tnerefore, on examining a soluthm in a pur<? sp<-cfrum thus formed by pro- 
jection, we find the fluorescence taking a fresh start with a dijfcrent colour, we rpay bo 
almost certain that we have to do with a mixture of two different fluorescent sub- 
stances, the presence of which is thus revealed without any chemical process. If, 
however, the fluorescence of two fluorese-ent substances, which may be mixed together, 
begins at nearly the same point in the sju'ctrum (as cornnioidy happens when tliere is 
merely a slight difference of tint in the colour of the fluore.scent light of the two 
Kusbtances), the coexistence of the two may escape, detection when the mixed 
solution is merely examined in a pure spectrum ; and in such cases a combination of 
processes of fnjctionul separation with the obsei^ation of the tint of the fluorescent 
light is more scjirching. This is the case, for instanc<‘, with the mixture of a*sculin 
and fraxin contained in a solution fr<»in the bark of the horse-chesnut. 

As the occurrence of a dc*cided difference of colour in tho fluorescent light seen'ftt 
♦wo difli*rent parts of the spectnim implies, almost to a certainty, the presence of two 
different fluorescent substances, so, conversely, the exhibition of the same colour is an 
argument in favour of the identity of the substance producing the fluorescence at the 
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two parts. Ws cannot, indeed, say that there may not be two substances present, the 
fluorescence of. which commences at nearly the same part of the spectrum ; but two 
different substances, tho fluorescence of which commenced at two widely different parts 
jf the spectrum, would certainly reveal themselves by the difference of colour. For 
experience shows that the refrangibility of the light emitted at any part of the incident 
spectrum, by the solution of a pure substance, extends nearly up to that of the point 
of the incident spectrum at which the fluorescence commences, but not much beyond ; 
and though, in passing from one pure substance to another, variations do occur in the 
relative brightness of tho rays of less refrangibility which compose the fluorescent 
light, yet, on the whole, there is so close a connection between the colour of tho 
fluorescent light and the refrangibility of tho rays by which the fluorescence is first 
produced, that a great variation in the one is incompatible with constancy or a mere 
tiifling variation in the other. (Stokes, Chem. Soc. J. xvii. 312.) 

I 

Absorption. 

All bodies are transparent to a certain extent ; even metals, which are the most 
opaque of all substances, allow a small quantity of light to pass through them, when 
they are reduced to extremely thin leaves ; thus gold-leaf laid upon glass transmits 
light of a green colour. On the other hand, there is no such thing as a perfectly 
transparent medium ; even tho air stops a certain quantity of light, when the thickness 
traversed by the rays is very considerable; on the tops of high mountains tiie stars 
appear much brighter than when seen from near the sea-level. For all ordinary 4\ 
thicknesses, however, colourless gases may be regarded us perfectly transparent. 

Transparent media are colourless or coloured, according as they transmit tiie several 
rays composing whit<; light, in the same or in dilFerent proportions. Tims a red glass 
is one which transmits the red rays more easily than those of any other colour. On 
viewing a solar spectrum through a piece of glass 1 millimetre thick, coloured with 
red oxide of copper, all tho colours excepting tho red disappear, tho glass being opaque 
to all the more refrangible rays. Other media transmit rays of one or more colours, 
and stop the rest, and consequently exhibit compound colours by transmitted light : 
thus an animoniacal solution of copper, when of a certain strength and thickness, 
stops all the rays excepting the red and the violet. 

If rays which have passed through a rod glass be passed through another glass of 
the same colour, the latter 'will absorb but a small proportion of the rays which fall 
upon it, because those which are iiiaipable of passing through red glass liave already 
been eliminated by the first medium ; but if the second glass is green, it will stop the 
red rays, and the two together will form a perfectly opaque screen. 

There is no medium which is absolutely colourless, that is to say, capable of trans- 
mitting rays of all colours in exactly the same proportion ; oven air, when seen through 
great thicknesses, appears blue ; tho colour of the sky is merely that of tho atmosphere 
Been through a thickness of several miles ; in like maimer distant mountains appear 
blue, just as if they were seen through a blue glass. 

On tho other hand, to enable a medium to absorb tho rays of one or more colours 
completely, it must have a certain thickness. F^ven metals, as already observed, when 
reduced to extremely thin films, transmit certain colours, and a plate of glass which, 
when of a certain thickneas, stops all but tho red rays of the spectrum, transmits a 
greater and greater number of coloured rays as its thickness is diminished, and at last 
appears almost colourless. 

It was formerly supposed that the quantity of light' absorbed was proportional to 
the thickness of tho medium through which it passt'd, but later researches have showm 
that the law is more complicated. Suppose the me^m divided into infinitely thin 
layers perpendicular to the direction of tho rays wtiich traverse it ; and let a l)e the 
fraction, supposed constant, which represents tlie proportion betw'cen the quantity of 
light aniving at any layer, and that of the light which pjisses through unabsorbetl. 

The quantity of light (supposed homogeneous) w'hich arrives at the first layer being I, 
that wdiich reaches the second will be la ; that which arrives at tho thii*d will be la'^, 
and to on. If therefore 6 repn^sents the thickiie.ss of the medium (equivalent to n layers), 
the intensity of the ray after having passed through this thickness, is given by tho 
formula i = la*. The intensity of the emergent light decreases therefore in geometric 
proportion, while the thickness of the medium increases in arithmetical proportion. 

The quantities absorbed by the successive layers follow a similar law, being, for the 
first layer I -la = 1(1 — a); for the second, Ia(l — a); for the third, Ia*(l — a), and 
for the «*th, Ia»-*(1— a). 

Now let B, 0, Y, &C., represent the intensities of the several principal colours com- 
posing a ray of incident light, the total intensity of the beam being therefore 
B+O + y + G + B-hl + V; alio let r, o, y, &c., be the fractions of the sevc^ coloured 
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MTS which t»v«r«e, without absorption, a unit of thickness of the medium ; then the 
intensity of a beam emerging from a layer whose thickness is «, will bo 
Rr* + Oo*Y + y* -e Gy* + BA* + li* + V-s*. 

The terms of this expression containing the smallest of tlio fractions r, o, y, &c., 
decrease most rapidly as e increases ; the colours corresponding to the other terms 
will therefore predominate more and more, and the emergent tint will not be white, 
but will exhibit a compound tint depending on the relative magnitude of the several 
terms, Rr*, Ot>*, &c. If the rays of any one colour, red for example, are less absorbt'd 
than the rest, it is always possible, by increasing the thickness of the film, to a certain 
extent, to obtain red rays sensibly homogeneous ; for by increasing e. the rati^ 
Kr* • Oo* Rr* : Yv*. &c., may be increased in any required proportion. When, on the 
contrary ’the quantities r, o, y, &c., differ but little from unity, and the thickness of 
the medium is small, the sum Rr*^- Oo* + &c., differs but little from that which repre. 
sents the intensity of the incident ray ; that is to say, the light is not perceptibly 

*^^The relative quantities of the several coloured rays absorbed by a coloured mediuin 
of given thickness, may be observed by viewing a line of light through a prisui and 
the coloured medium. The spectrum will then be seen to be diminished in brightness 
in some parts, and perhaps cut off altogether in others. This mode of observation is 
often of great use in chemical analysis, as many coloured subst^inces when thus ex- 
amined affoH very characteristic spectra, the peculiarities of which may often be 
distinguished, even though the solution of the substance under exanuiuit ion contains 
a sufficient amount of coloured impurities to change its colour very considerably, the 
following method of making the observation is given by Professop Stokes (Chem. 

^ small prism^ is to be chosen of dense flint glass, giound to an angle of 60°, ^d 
just large enough to cover the eye comfortably. The top and ^)ttom should be flat, 
for convenience of holding the prism between the thumb and fore-finger, and laying 
it down on a table, so as not to scratch or soil the faces. A fine line of light is 
obtained by making a vertical slit in a board G inches square, or a little long^ in a 
horizontal direction, and adapting to the aperture two pieces of 
the metal pieces is movable, to allow of altering the breadth of the slit. About tlio 
fiftieth of an inch is a suitable breadth for ordinary puriX)Bes. J he board ana metal 

pieces should bo well blackened. . . 

On holding the board at arm’s length against the sky or a luminous flame, the slit 
being, we will suppose, in a vertical direction, and viewing the line of light thus 
formed through the prism held close to the eye, with its edge vertical, a pure spectrum 
is obUiued at a proper aziimitli of the prism. Turning the prism round its axis altew 
the focus, and the proper focus, is got by trial. The whole of the spectrum is not, 
indeed, in perfect focus at om*e, so that, in scrutinising one part after another, it is 
requisite to turn the prism a little. When daylight is used, the Hpcctriim is known to 
bo pure by its showing the principal fixed lines; in other cases the focus is got by tno 
condition of seeing distinctly the other olijects, whatever they may be, which are pre- 
sented in the spectrum. To observe the absorption-spectrum of a liquid, an elastic 
band is put round the board near the top, and a test-tube containi^ the liqui is 
slipped under the band, which holds it in its place behind the slit. The spectrum la 
then observed just as before, the test-tube being turned from the eye. 


Fnj. GG8. -/’V/- 



To otaerre the whole progress of the absorption, different degr^ of strength mart’ 
bo used in ■ >..eee«einn, beginning with a strength which does nut render any part of 
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which i* coloured, showa that, with very few exceptions, all the oompounds of the same 
ba«e or acid have the same effect on the rays of light. This law is seen to hold good 
in many instances which at first sight appear exceptional. Thus it is well known that 
some salts of chromic oxide are green, others red or purple. Now these differently 
coloured chromic salts all exhibit the same general form of spectrum {fig, 668), in which 
the violet and indigo rays are very soon cut off ; and as the thickness increases, the 
light is more and more concentrated about two points— -one in the red, the other in 
the bluish-green, the red rav penetrating with the greatest facility. Hence it is that 
the chloride and other salts of chromium, wliich are green in moderately dilute 
.solutions, appear purple or red when we look through a strong or very deep solution. 
The acetate absorbs the green rays more readily, and therefore appears green only in 
very weak solutions, or in thin strata, while the “red potassio-oxalate” absorbs the 
green so speedily that the thinnest portion of it appears bluish-red. 

Salts composed of a coloured bise and a coloured acid exhibit colours compouilded 
of the rays which are not absorbed by either, tiie resultant colour bearing, in many 
instances, but little resemblance to the original colours. Thus, the acid chromate of 
chromic oxide, a compound of two substances which give respectively yellow and 
green solutions, is not bright green, but brownish-red, because the chromic acid cuts 
off nearly all the blue and violet rays, while the oxide of chromium absorbs the yellow 
and the greater part of the green. 

Some, salts which are but slightly coloured, nevertheless exhibit very charact/oriwtic 
spectra. Thus, a solution of sulphate of didymium, which has but a faint rose colour, 
exhibits, when examined by the hollow wedge and prism, a spectrum containing two 
very black lines ; one in the yellow, the other in the green. These lines are visible in 
very weak solutions of didymium, and therefore serve as a delicate test for that metal; 
they, moreover, afford means of distinguishing it from cerium and lanthanum, in the 
spectra of which they do not occur. 

Jirewster^s Theory of the Sj)(ctrum, New'ton regarded the spectrum as composed of 
an infinite number of simple colours, each elemcmt of it consisting of a ray of definite 
refrangibilily and not capable of further decompo-sition ; and this theory has been almost 


universally received as affording satisfactory explanations of all the phenomena of 
' “ *0 decomposition and recomposition of light. Brewster, however, in 


colour, and of the ^ . 

studying the decomposition of light by absorption, observed certain facts wdiicli he 
regarded as incompatible with Newton’s theory, and he accordingly proposed a new 
theory of tlie constitution of the spectrum, which is as follows ; — 

1. White light is composed of three colours only, red, yellow, and blue, mixed in 
certain proportions. 

2. The solar spectrum is formed of three superposwl spectra of these colours, each of 
tliem extending the entire length of the spectrum, but with varying intensities as shown 
in fy. 670 ; where the horizontal line ry, represents the length of the spectrum, and t lie 
tJiree curves, R, Y, and B, are so drawn that their ordinates are proportional to the 
intensities of the several colours at each point, the blue having a maximum between 
the fixed lines F and G, the yellow near F, and the red, two maxima, one near B, and 
another of lower intensity near tlie 


violet end of the spectnim. 

3. All the colours of the spectrum 
are compound, and as all the rays 
united in one point have the same de- 
gree of refrangibility, they cannot bo 
further decomposed by refraction. 

Brewster was led to these conclusions 


Fig. 670. 



by observing that when the spectrum - 

I is viewed through certain colourt^d media, white light may be shown bi exist in any [>art 
of it. Thus, by looking through an azure-blue glass of sufficient thicknes.**, or better, 
through a solution of sulphate of copper mixed with red ink, the yellow of the spectnim is 
replaced by white, ve^ slightly tinged with green or red, according to the particular 
tint of the medium. This white light is not decomposible by refraction, but may be 
decomposed by viewing it through a film of gelatin of yellow or green colour, the 
white band then appearing yellow or green, in ('onsequence of the absorption of the 
blue or red rays. By simihir means Brewster found white light in the green and the 
orange, whence he concluded that the three primary colours exist in the yellow, green, 
and orange of the spectnim. In like manner, by viewing the spectrum through certain 
yellow liquids, ho found that the blue and indigo assunuKl a violet tint, whence he 
condudea that red light exists in these parts of the spectrum. The blue of the spec- 
trum seen through a film of blue gelatin, exhibited a white band, and the blue and 
indigo viewed through a blue glass assumed a violet tint: hence the presence of yellow 
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in the blue was inferred. By viewing the spectrum through a layer of Peruvian balsam, 
pitch, sulphur-balsam or red mica, yellow was seen in the red near the lino C. 
Brewster was not able to detect yellow in the violet, but he attributtKi this negative 
result to the feebleness of the light in this part of the spectrum, and the facility with 
which it is absorbed by all coloured media. Lastly, the red of the spectrum seen 
through balsam of Peru, pitch, sulphur-balsam, or rtnl mica, appeared green, whence it 
was inferred that the red of the spectrum also contained blue. 

Brewster’s theory has not however met with general adoption. In the first place, it is 
quite inconsistent with the wave-theory of light : for just as there is an infinite number 
of sounds corresponding with an infinity of wave-leiigtlis in the air, so likewise must there 
be an infinite number of shades of colour correspimdiiig with an infinite number of 
wave-lengths in the other, and tlierefore also (p. 009), an infinite number of different 
rcfrangibilities. On the other hand, to account for the <lark lines of the solsr spec- 
trumf it would be necessary to suppose that certain rays are wanting in the comtK)Ucnt 
sj>ectra exactly at the same points, which is very improbable. 

Moreover there is no re<ison whatever for assuming that red, yellow, and blue are the 
component colours of white light; indeed, Helmholtz has shown, by a method to ho 
presently described, that tlie actual colours of the spcs'trum may be more (‘XJictly imi- 
tated by combinations of red, green, and violet, but that even then the imitation is far 
from satisfactory. 

More careful observations by Airy, Helmholtz, and others have likewise shown that 
Brewster’s conclusions are not borne out, even by his own method of observation, when 
proper precautions are taken to eliminate sources of error. Airy has pointed out that 
to obtain correct results with such a mode of experimenting, it is necessary in the first 
place to exclude all extraneous light, which, being decomposed by the coloured modiuni, 
will modify the tint observed ; and, secondly, to compare tin' spectrum viewed thpf)ugh 
the coloured medium with a pure spectrum vi(‘wc<i directly, the two being formed 
immediately one above the other, as in no other way can an exact comparison of tlm 
tints in the corresponding parts of the two be made. When tluso pr(‘cautions wen* 
taken, he found it impossible to distinguish the slightest diffijrence, excepting in 
lirightness, between the colours of the spectrum seen through a coloured medium, and 
thr>so of the spectrum viewed directly. Airy also observes that the intensify of the 
light may make a great difference in the impression produced on the eyo by any 
particular colour. 

Helmholtz has shown that the results may bo modified by the light scatteriMl by 
irregular refrjiction at the surfaces of the coloured metlium, and by the lens and ))riHnj useil 
to form tho spectrum, especially when the alxsorbent m<‘dium used is a film of gelatin, 
M'liich is not very transparent. To eliminate this diffused lighf, the spectrum is received 
on a screen having a narrow slit through which a thin coloured j)eucil can i>ass, and 
tliis pencil is made to fall upon a second prism, followed by a lens, which forms a 
coloured imago of tho slit, and a faint spectrum proceeding from tlm diffused light 
which has passed through the second aperture. This spectrum does not pere<*ptibly 
alter the purity of tho focal image. Oii examining the diffi*rent colours of this purified 
s|»ectrum through various coloured media, it was found impossible to distinguish any 
difference of tint between the colours thus ob.served and tho.so view<*d directly. 

From all these experiments it may be inferred that it is impossibh' to deeoinposo the 
colours of tho spectrum by absorfjtioii any more than by n;fraction ; that the colours, as 
Newton supposed, are simple ; and that to each colour there coiTCH|)onds a definite de- 
gree of refrangibiiity. 

]>eoompoBltioQ of Xiiglit by Sefleotlon. 

Newton explained the colours of bodies by supposing that th«*y decompose the 
light which falls on their surfaces, absorbing some of the comfionent rays, ndlecting 
the rest in a diffused manner if they arc opaque, or reflecting one portion and traus- 
mitting another if they are transparent, the reflected and transmitted light being 
always more or less coloured, l)ecau.w tho different coloured rays are not absorbed 
in the same proportion. Black sulistances are those which absorb all the rays 
>vhich fall upon them ; white substances, those wliich reflect all the rays ; bodies of 
these two classes act in the same manner on all kinds of luminous rays. But between 
these two extremes, there is an infinity of substances which reflect the several coloure<l 
rjiys in different proportions. A red body, for example, is one which reflects red in 
larger proportion than the other rays composing white light. In tho ease of opaqm; 

the decomposition of the light takes place at an insensible depth below the sur- 
face. the result being independent of the inner layers of the snlistance. 

If rays of light dispersed by a prism l>e thrown on a surfnee, each wunt reflects 
tile light which it receives, and appears of the same colour as that light. If the surfact 
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is it appears very bright in the red part of the spectrum, but the other colours are 
faint, the red surface reflecting the red rays of the spectrum abundantly, but the other 
colours in small proportions only. If the body is capable of absorbing certain rays 
completely, black bands are seen in the corresponding parts of the spectrum, and if the 
l)ody be illuminated solely by rays of that particalar degree of refrungibility, it appears 

A coloured body illuminated by different sources of light may exhilnt different 
colours, the spectra formed by the liglit from these several sources not being formed of 
the same colours or in the same proportions. It is thus that objects which are green ])y 
daylight appear blue by lamp-light, the yellow rays being less abundant in the light of 
ordinary flames than in solar light. Most obiects appear differently coloured r)y 
moonlight, from what they do by daylight. When a series of the seven principal 
colours of the spectrum is illuminated by the monochromatic yellow light of ajamp 
fed with spirit containing common salt, the yellow, orange and red strips appear yellow 
of various degrees of brightness, the rest grey or black, because they do not receive 
rays which they are capable of reflecting, or in other words, because their particles are 
not susceptible of vibrating in unison with those of the light which falls upon them. 
In the same light, the face and lips appear of a livid hue, because the red rays which 
the skin reflects in daylight are wanting in the yellow light. 

Wlien the body on which the light falls is transparent, the rays which pass through 
it are those which have not been reflected at its surface; hence the r(‘^flected and 
transmitted light may be of different colours. Such is in fact the case in many in- 
stances. Gold-leaf, which is yellow by reflected light, transmits light of a bluish-green 
colour. Faraday formed pulverulent deposits by sending powerful electric discharges 
through metallic wires in an atmosphere of hydrogen ; in tlie finely-divid(‘d state thus 
produced, copper appeared green by transmitted light ; tin, brown ; zinc, brown or 
bluish-grey; palladium, brown ; aluminium, brown or orange-coloured. reflected 

and transmitted rays are sometimes complementary to each other ; but this is the case 
onlv when no part of the light is absorbed. When a body exhibits the same colour, 
red‘for example, both by reflection and by transmission, it is liecause it reflects part 
of the red rays of the incident light, transmits the rest, and absorbs the rays of all the 
other colours. 

In many cases, however, as pointed out by Professor Stokes (Chem. hoc. J. xyii, 
315), the colour of a body attributed on cursory examination to reflection, is really <hio 
to transmission; in fact, the instances in which substances appear coloured by reflec- 
tion are comparatively rare. “A chemist views a solution contained in a test-tube by 
transmission and then by reflection ; and seeing perliaps some perfectly chfuTent 
colour in the latter case, de.scribea it as the colour of the solution by reflection, 
whereas it is merely the colour by transmission diK' to a greater thickness, the light 
having been reflected at the back or bottom of the test-tube, and so IniMiig twice 
passed through the solution. In other cases, the colour described as due to reflection 
really arises, from fluorescence ; and though the statement maybe true in the sense 
intended, it seems objectionable to apply the term rrjircfmi to a process so utterly 
different. It is only in the case of metals, such as gold and copper, and of certain 
other substances, such as miirexide, plat i nocyanide of magnesium, &c., that colour is 
reallv seen as the result of reflection. r 4 * i 

“When this takes place in the case of non-metallic substances, they are toiincl to n* 
endowed, for the colours so reflected, with an intense opacity, comparable with that ot 
metals; while for other parts of the spectrum, they fliay be comparatively transparent, 
and these parts they reflect with an energy comnnrable to that of a vitn'ous Hiibstanco 

. mi * • r .1 ffnm nno n.irt, of tllC SrX'Ctmm tO 



case of metals.” . . n- n 

“ An excellent example of the intimate connection between metallic reflection ana 
intense absorption is afforded by the crystals of permanganate of j^tassium. ine. 
crv^stals exhibit a green metallic reflection, and when crushed yield a powder ol an 
intense purple colour by transmitted light. The colour is too intense for 
analysis, but the solution haa a similar colour, merely less intense as^corre^nds wi 
its smaller concentration, and the analysis of the light transmitted by the solution 
presents no difficulty. The green is quickly absorbed but when the solution is su^ 
ciently dilute, five eminently characteristic bands of absorption are seen 
of the spectrum. A sixth band comes out with a greater thickness or else strength or 
solution; but even the fifth is somewhat less strong thnn the others When the ligM 
reflected from a crystal is analysed, four bright bands arc seen .standing out on a gene- 
rally luminous ground of inferior brightness. These bright bands oor respond in 
tion with the principal dark bands in the light transmitted by the solution, and 
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Afiwfbre it may he presumed, by the crystals themselves. When the angle of incii 
Jr a suitable value, and the reflected light is analysed by a Nichol’s prism, with 

ta principal plane in the plane of incidence, and then by a common prism, the 
Inec^m 18 reduced to these four bright bands. A fifth bright band could, perhaps, 

I fl^ade out, in the case of a fine crystal with a fn*sh surface. Under the circum- 
Stances described, the Nichol’s prism would extinguish tlie light reflected from a ntroous 
ubstance, and transmit much of that reflected from a metal. We see, thert'fore, that, 
Is n‘£[ards its relations to light, the crystallised body passes repeatedly from the con- 
dition of a vitreous to that of a metallic substance and back again, as the refrangibilitv 
of the rays, in relation to whicli it is considered, is continuously increased by a small 

*^°*^The same relation between intense absorption and metallic reflection exists gene- 
rail Y though it cannot bo always studied by means of a solution. The phitinocyanides, 
for eiample, yield colourless solutions, so that the intense absorption which most of 
them exercise for certain parts of the spectrum must bo attributed to the mode in which 
the molecules are built up in forming the crystals; but by attending to tlie colour of 
the light transmitted by thin crystals, the law is found to bo obeyed. Gold can only 
be ol)tain^, in solution, as gold by means of the opaque solvent mertmry ; but its 
colour by transmission may bo studied in gold-leaf, or in a chemically deposited film, 
and is then found to bo conformable to the law mentioned, the less refrangible colours, 
which are those which are the more copiously reflected, being also those which are the 

more intensely absorbed. , , , . i 

“ When a body endowed with the property of coloured reflection, such as perman- 
ganate of potassium, is dissolved, in consequence of the necessary dilution, the opacitpr 
of the medium ceases to be, for any part of the spectrum, of that intense kind which is 
necessary for qua si-metallic reflection ; and accordingly the light reflected by the 

solution is colourless. . . . .u 

“ In order that the colour duo to reflection should appear, it is necessary that the 
substance should have a certain amount of coherence. Thus indigo in the form of a 
tine loose powder is blue, even wlien viewed by, reflection. It would bo erroneous, 
liowever, to describe the body as blue by reflection, if we were speaking of the pro- 
perties of Uie substance, and not tlie mere crude results of observation made under 
given circumstances. For though it is tnie that the light by which the blue colour is 
seen has undergone reflection (without which it wouhl not have reached the eye) it is 
not m riJUction that the chromatic selection is made by virtue of which the powder 
appears blue, but during transmission. In fact it is only a small portion of the light 
that is reflected at the outer irr<*gular surface of the miu^s; the greater part penetrates 
a little way, and is reflected at various depths, and in passing through the particles, in 
going and retuniing, suffers absorption on the part of the coloured substance. Wore 
tlie substance intensely opaque for alt tlie colours of the spectrum, the powder woiuu 
b.‘ not blue but black, as we see in the case of platinum- black. By burnishing, the 
[Miwtler is reduced to the state of a somewhat coherent mass, and it now begins to 
e xhibit the copper colour due to reflection. The int<?rnal reflections are at tlm same 
time gr(‘utly weakened, so that the part of the light which is reflected from beneath 
and underooes absorption is much reduced. A preased mass is not, however, an 
optically homogeneous medium, so that the colour by reflection obtained by bur- 
nishing cannot in general be quite pure. In the state of a fine cirstalline powder, 
indigo exhibits a mixture of the copper colour due to reflection, and the blue colour 
due to transmission, though observed in the light reflected from the mass as a whole j 
while if the substance could be obtained in large ciy stals. the colour by reflection 
would be seen in perfection, and the colour by transmission would disappear, tho 
crystals being sensibly opaque.'’ (Stokes ) 


Tlie Colours of TliUi Plates. 

All transparent substances, when reduced to very thin films, exhibit brilliant colours 
—a soap bubble affords a familiar instance of this; glass blown out into thin films 
exhibits similar phenomena -so, likewise, does a layer of oil spr^d over the surface 
of water. These effects, however, are best studied m the case of a thin film of air 
formed between two plates of glass. When two glass plates (of any sort of ghws) are 
pres^ hai^i together, a black spot is obsen ed at the point of closest conti^t, 
around it a series of fringes exhibiting remarkably beautiful wlouro : 
homogeneous, as that of a soda flame, the bands are alternately light and dark. I he 
Hhape of the bands depends upon the greater or lesser regularity of thickness in the 
film of air. If the glasses be so pressed at one point that the intervening space shaU 
increase regularly iS round, the bands wUl be circular— otherwise they will have an 



\ 


044 LIGHT t CSLOUBS OF TfflN PLATES. 

'irwgt^Ai shape — ^but in all cases the same thickness of the film of air gives, osiertj 
paribuSf the same colour. Newton, to whom this experiment is due, made use of a 
plano-convex lens of small curvature, resting on a piece 
Fig, 67U of M glass: by this means he obtained a dim of air 

jl whose thickness was uniform at the same distance from 

— r the point of contact, and the fringes were consequently 

\ circular. By this arrangement also, knowing the diameter 

of the lens, he was enabled to calculate the thickness of 
the film of air by which any particular band was produced. 
For, the radius of the ring AM (fg 671) being found by 
measurement, and the diameter of the lens AB being also 
given, we have AB x AN (or MP)a= AP* = AM*(neariy) ; 

V r am* 

therefore MP = , 


whence also MP varies as AM*. 

Proceeding in this manner, Newton found that the thicknesses of the films of air by 
which the successive dark bands were formed varied in the ratio of the even numbers 

0, 2, 4, 6, . . . . 2n ; 

and those by which the light bands were produced in the numbers 

1, 3, 6 , 7, ... . 2/1+1; 

further, that the thickness of the film at the first bright band was 6-millionths of an 
inch for red light, and about 4|-millionths for violet light. 

Now comparing these numbers with those afterwards found by Fresnel for the lengths 
of the waves (p. 600), it is found that the thickness of the film in question ^ of the 
length of a wave. 

The explanation of this phenomenon is as follows : — The bands are formed by the in- 
terference of niys reflectea from the upper and under surfaces of the transparent film. 
Now at the centre, where the two surfaces are in almost absolute contact, we might 
expect the reflected rays to be in acordance— for they peach the eye after travelling 
over equal paths. At the first bright band, the thickness of an undulation ; hence 
the ray reflected from the second surface, which has to traverse this thickness twice, is 
behind the other by half an undulation, and might therefore be expected to destroy the 
other : but instead of that, the two assist each other and produce a bright band ; simi- 
larly with the other bright bands, which are produced by rays whose paths differ in 
length by 

f, J, . . . - of a wave-length. 

The dark bands are formed by rays which differ by 

2/1 


0 , \ 


of a wave-length, 


and which might therefore be expected to bo in accordance. 

The explanation of this apparent anomaly is found, as pointed out by Young, in the 
manner in which the direction of the vibrations of the ether-molecules is changed in 
passing from one medium to another. 

When a wave of light travels through a medium of uniform constitution, it never 
returns upon its path ; no reflection tjikes place,, but each particle, when thrown into a 
state of vibnition, communicates its vibration t^e next^ and is itself brought to rest ; 
just as an ivory ball striking upon another of equal size, drives that ball forward, but 
is itself brought to rest. But if the vibration is communicated to a medium of dif- 
ferent constitution — as when a ray passes from air into glass, or from glass into air— 
this complete destruction of the vibration of the particles does not take place ; and the 
consequence is, that the light is at the same time transmitted through the second 
medium, and reflected back into the«first. If the ray passes from a medium in which 
the ether is of greater density to one in which it is of less density, as from glass 
into air, the direction of vibration of the particles in the reflected ray remains un- 
changed, just as a large billiard ball striking a small one, drives the small one before 
it, and continues in its own course though with less velocity. In the contrary case, as 
when the ray piisses from air to glass, that is to say, from ether of less density to 
tther of greater density, the vibration of the particles in the reflected ray is re- 
versed — just as when a small bjill strikes a large one, the large ball is driven forward 
but the small one driven back upon its path. 

To apply this to the case of Newton’s rings. The bands are formed by the inter- 
ference of rays reflected from the first surface with rays reflected from the second 
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gorfoee of the film of air. Now ia the second reflection, according to the prind{>le 
iust explained, the vibration in the particles of the reflected ray is reversed, because 
the ray passes from air to glass, whereas at the first surface, where the ray passes 
from glaaa reversal takes place. Consequently the two rays, when 

they meet, will have their vibrations in accordance, just when they would have been 
ill discordance if the reversal of vibration at the second surface had not taken phvce. 
Hence the dark bands are produced where the thickness of the film is 

' 0, 2d, id, 6d , , . 2nd, 

and the bright bands where the thickness is 

d,3d,6d,7d . . . (2n+l)d 
d being = ^ of an undulation. 

Tfiat this is the true explanation of the phenomenon is proved by the fact that 
when a film of a transparent substance is placed between t wo otlier media, one of 
greater and the other of less refracting power than itself, the positions of t he light and 
dark bands are rciversed. Thus when a film of oil of sassafras is placed lietween a plate 
of crown and a plate of flint glass, the central spot is white; and the thicknesses of the 
film follow the ratio of the odd numbers for the dark, and of the even numbers for the 
light bands. 

To return to the ordinary case of a film of air between glass plates. Fringes are 
produced by transmitted, as well as by refltHJted light, but the colours of any particular 
ring are exactly complementary of those of the same ring formed by reflected light ; 
and if the light be homogeneous, the central 6iK)t is light, and the bands follow the 
H'verse order of that which they do when formed by reflectefl light These transmis- 
sion fringes are formed by the interference of rays transmitUni through the film, with 
other rays which pass through it after having undergone two reflections, one at the 
second surface, and the other at the first ; and since both these reflections are made in 
passing from air to glass, the change of dinH*tion caused by the first reflection is again 
reversed by the second, and consequently the rays are in accordance or discordance, 
just when they would have been in case of no reflection at all. 

Relation between the Indices of Refraction and the Thicknesses of the Films.— 
tlncknosses of thin plates of different substances, at the points whore they form 
coloured bands of the same order, are to one another in the inverse ratio of that 
indices (f refraction. 

C/Onsider, for example, the bright fringe of the with order. If X, X' are the wave* 
lengths of the homogeneous light in the two substances, and e, e their thicknesses, we 
have the equations, 

e c3 {2m + 1)JX; e ==» {2m + 1)JX'; 


therefore s : c' i=r A : x' /i' : /x. 

Newton discovered this law by experiment. It may lie verified for air and water 
by introducing a drop of water between the two glass plates which produce the rings, 
the water then penetrating between the plates by capillarity, and expelling the air from 
part of the circular space around the point of contact. It will then be observed that 
the fourth ring in air coincides with the fifth ring in water. Now the thicknesses of 
the film at the several bright rin^s in air are, e, 3e, 6e, 7e, 9e, &c., and in water e', 
3e, be, 7c, 9c', &c. ; the result just described gives, tlierofore, 7e • 9e ; whence 


^ - B. ? which is the index of refraction of water referred to air as unity. 

e fi 7 

This law furnishes an additional method of measuring the indices of refraction of 
liquids with respect to air ; for in the expression e : e' : fi, the ratio of the thick- 
nesses may be replaced by that of the squares of the diameters of the rings of tbqsame 
order, whence the refractive index of the liquid may bo calculated as a function of that 
of air. The method is not however very exact, in consequence of the difficulty of 
measuring the diameters of the rings. 

We have hitherto supposed that the eye is placed directly over the centre of the rings, 
so that they are seen by perpendicular incidence. If the eye be mov^ from this 

C ition, so as to view the rings obliquely, these diameters increase as the incident rays 
crnie more and more' oblique ; that is to say, the thickness of the transparent film 
corresponding to a ring of given order increases with the obliouity of the rays ; in other 
respects, the diameters of the rings follow the same laws as when the incidence is per- 
pendicular. Newton found by experiment, that the thickness e, of a ring of given order 
seen by perpendicular incidence, is connected with the thickness e, for the same ring 
viewed at the incidence i — supposing the thin film to be formed of the sanae substance 
as the medium which surrounds the apparatus—by the equation, e » s' cos i, or s' 
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The diameters of the rings, like the breadtl^ of aU otbep inte^erence^6nngee, m 
greatest in red, and least in violet light; hence m white light a senes of coloured ringg 
w produced not separated by any absolutely dark spaces. 

The following table exhibits the succession of colours produced by thin hlms or plates, 
and the corresponding thicknesses of three different media : 

Newton^s Tadk of the Colowra of Thin Plates in Air, Water, and Glass. 


Succession of Spectra or 
Orders of Colours. 


Colours produced at the thicknesses in the Thicknesses in milliontbi 
last three columns. of an inch. 

Reflected. I Transmitted. Air. I Water. I Glass. 


First Spectrum or 
Order of Colours 


Very black 
Black 

Beginning of black 
Blue 
White 
Yellow 
Orange 
Red 


Yellowish-red 

Black 

Violet 


Sbcond Spectrum or 
Order of Colours 


Violet 
Indigo 
Blue 
Green 
Yellow 
Orange 
Bright red 
Scarlet 


16f 12| 

it! 13* 



Fourth Spectrum or 
Order of Colours 


Sixth Spectrum or 
Order of Colours 


Seventh Spectrum 
or Order of Colours 


Purple 

Indigo 

Blue 

Green 

Yellow 

Red 

Bluish-red 

Bluish-^een 

Green 

Yellowish-green 

Red 


Greenish-blue 

Reddish-white 


Yellow 

Rod 

Bluish-green 



71 

63i 

71 

67i 


Beyond these limits, the colours become mixed to such an extent as to produce 
white light. If, however, the rings be viewed through a prism, so as to scparote the 
difibrent colour^ rays, a much larger number of them will come into view. 

The transmitted rings are much fainter than the reflected rings, because one of the 
beams of light which contribute to their formation has been twice reflected, and ^h 
reflection is attended with a considerable loss of light. 

We have been particular in describing the colours of * Newton’s rings,* because they 
are generally used as a standard of comparison for all coloured phenomena depending 
upon interference. ^ , 

Colomm of Thiek Vlatea* — This term is applied to certain systems of coloured rings 
or fringes, produced by interference at the surfaces of transparent media, too thick to 
exhibit the peculiar phenomena known as the colours of thin plates. Newtont hariiig 















COMPOSITION OF COLOURS* Wt 

on n ooncftTd miitor of silvered glass a thin beam of solar light passing inta 
**^irk room through a small aperture situated at the centre of curvature 3 ttia 
*irror perceiv^ round the aperture a series of coloured rings having the violet 
tarned inwards, as in the colours of thin plates. With homogeneous light, the rings 
•^^alternately bright and dark. Newton found by measurement— 1. That the 
^meters of the rings were regulated by the same laws as those of the rings formed by 
transmission in thin plates. 2. When different kinds of homogeneous light are em- 
foved the ratios of the diameters are the same as in thin plates. 8. The diametejps of 
the rings formed by mirrors of equal radius and different thickness, are inversely as 
ihe square roots of the thicknesses. 

-The formation of these rings depends, however, on a condition which Newton did 
not observe viz., that the upper surface of the mirror must not be quite bright. If 
this surface is well polished and carefully cleansed, the rings are scarcely visible ; 
whefeas if the surface is made dull by breathing or throwing dust upon it, or by 
covering it with a thin coat of varnish, or of water whitened with a little milk, whichia 
then allowed to dry, they come out with great brightness. If, on the other hand, the 
silvering be removed from the back of the mirror, the rings l)ecome very faint, and 
with a metallic mirror none at all are produced. These experiments show that the 
rings are produced by the interference of rays reflected from the second surface of the 
mirror with diffused light reflected from the first surface, which has been dulled. 
This is rendered further evident by an experiment of the Due do Chaulnes, who, instead 
of a glass mirror, used a metallic mirror, before which he placed a piece of plate glass 
having its surface somewhat tarnished, or a plate of mica, either of which fulfilltMi the 
same purpose as the anterior surface of the glass mirror. 

rouillet, instx?ad of a transparent plate, places in front of the mirror a screen pierced 
with an aperture of avy fortn whatever, but small enough to cause both the incident 
rays and those reflected from the mirror to come in contact with ita edges. Ajstraight- 
edged screen, placed in front of the mirror, is even sufficient to produce the rings ; but 
in that case only part of their circumference is seen. 

The rings formed by diftused light may be viewed directly without being projected 
on a screen Stokes places a candle in the centre of curvature of the mirror with 
tarnished surface, so that the image of the candle may coincide with it, and places the 
eve at some distance beyond the centre; beautiful rings are then aeon loriucd m the 
air Qu6telet places a candle near the eye, at about a yard from a plane mirror with 
tarnished surface, so that the candle and its image may seem to coincide ; he thus ob- 
tains portions of coloured rings round the imago of the candle, llerschel receives a 
beam of solar light on a concave spherical metallic mirror, and intercepts the reflated 
beam by a screen ; by then forming a cloud of dust in the air in front of the minor, 
he oblains coloured rings of considerable brightness. 

There are several other ways in which coloured rings and fringes may bo formed by 
diffused light, but we must refer, for the description of these and for the more detailed 
explanation of the phenomena, to works specially devoted to ligdit. (Sio Daguin, 
I'raite de Physique, iv. 463.) 

Compoftltloii of Coloim> 

Colours are either simple or compound. The simple colours are those of a pure 
spectrum, formed either by refraction through a prism, or by diffraction tJiroiigh a 
grating (p.fiOO); and compound colours are produced by the mixture ot two or more of 
thene simple colours, as in the instance of Newton’s rings, or the fnngcH pnidiiCKl by 
diffraction. Compound colours may be similar to the pure colours ot the Hpcctnim 
but are rarely identical with them in the impres.sion which they produce on the visual 
organs. The resultant tint, produced by the mixture or 8upcr|>ohition of any number 
of simple colours, may be investigated by one of t he followi ng met hods . » 

1. By mixing coloured substances in fine powder, ^his method, howev..r, yields 
only dull and deadened colours, in consequence of the large quantity of light absorbed ; 
moreover, the rays reflected from the surface.s of (he two substances are mixed with 
rays which have penetrated to a certain depth, and have been t len^ refleeted, so that 
the tint which would be produced by the mixture of the rays directly reflected from 

the-surface is modified by colours arising from absorption. .... .i 

.2. By covering with black paper certain portions of a revolving disc, tinted with the 
colours of the spectrum (p. 619). the colour wrceivesl being that which is produced by 

composition of the remaining spcK^tral colours. * u 

3. By Unting two pieces of paper with the colours whose composition is to be 
BUOiei laying them on a black table, setting up between them a plate of unsilvercd 
^ and placing the eye so that the image of one of them swm by nffiection mav 
Soiiietde with that of the other seen direcUy through the glass (HelmholU). 
VoL. m. T T 
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This the secooid method are preferable to the first, the only source of error affect* 
imr them being the deviation of the artificial colours from the pure tints of the spwtnim. 
The only way of attaining perfectly accur«vte results is to operate directly on the rays 
of the spectrum itself, as in the following methods : « xu • j 

4. By-intercepting some of the coloured rays as they emerge from the pnsm, and 
bringing the rest to a focus by an achromatic lens. ^ . t. . 

6, By receiving the rays of the spectrum on a row of plane mirrors, capable of being 
Miusted so as to reflect any required rays to the same point on a screen. 

6 Helmholtz^ 8 method (Ann. Ch. Phys. [3] xxxvi. 600). This method, which is 
the most exact of all, consists in viewing, through a vertical prism, two narrow slits, ah, 

a'b, forming a right angle (fig, 67 2), and each in- 
Fig. 672. dined 46® to the edge of the prism. The prism 

^ being placed about four yards from the slits, 
0^ ^ and in the position of least deviation, two 

\ spectra r v, r v, are seen, in which, with the 

\ / telescope, the principal fixed lines may 

^ distinguished parallel to the slits. These two 

" spectraaro partly superposed, and the dimensions 

of the slits must be such that each coloured band oo of one spectrum shall cross all 

the coloured bands of the other. . „ , i 

To find the effect produced by the combination of two colours, the telescope is 
directed so that the intersection of its cross-wires is projected on the combination to 
be examined, and the eye is placed behind a small hole in a screen, at 60 or 60 ^n i- 
motres from the telescope, so that it may perceive only a very small space around tlio 
point of intersection. The compound tint required may thus be examined without 
^ing affected by the neighlmuring colours. By then covering up the two slits succes- 
sively, the simple colours which have produced the combination may be s^cn. 

In order to vary the relative quantities of light in the component colours, the prism 
was inclined in such a manner as to bring it more nearly parallel with one of the slits. 
The spectrum of this slit was thereby brought nearer to the rectangular form, and its 
coloura were more condensed, while the contrary effect was produced upon those of 
the other. By adding a third slit, the effect of combining three colours may bo 
observed. By these means Helmholtz has obtained the following results : 

1. The compound tint formed by the mixture of two simple coloiirs is someti^mes 
identical with a simple colour of the spectrum, but in many cases it is different from 
them all: for example, the greenish-yellow and greemsh-blue of the spectrum form a 
green much darker than that of the spectrum. This last green, as well as the violet 
and red of the spectrum, cannot be imitated exactly by the mixture of any oth^ 
colours. 2. The colour produced by the union of three simple colours is different 
from that which would be obtained by combining one of tlmm with 
the spectrum, similar to that which results from the combination of 
For i^nce, the red and bluish-^een of the spectrum form yellow ; hat r®d ^th the 
bluish-green produced by the union of green and indigo, ioi^s white. 3. There are 
Zny .LbinationB of three colours which fonu white 4. W.th three colour only . 
is not possible to obtuin satisfactory imitations of all the colours of the spectrum, the 
number of simple colours required for the purpose being at le^t /’f-’ 
qreen, blue, and violet. Hence, according to Helmholtz, the th^ry of three 
colours (p. 640) does not rest on a satisfactory foundation ; an<l 'f >» . 

obtain something like an imitation of all the special colon™ by "I’xture ot rtree 
coloured powders, the result must be attributed mrtly to the want of bnghtneM m 
the eoloura used, partly to the circumstance that the resulting compound eoloim have 
not generally been directly compared with the c^eura of ^ 

moaf instances, they differ considerably. The three colours hitherto adopted. 

Mm, and yellow, are not even the three best adapteil to tbe purpose ; Iwtter res^to are 
obtained with red, green, and violet, but even then the imitations are far from perfect. 
For the contrary results obtained by Maxwell, from which it appears that all colo^ 
whatever may 1» produced by the combinatien of thrw pnmary colours, see P*^ 65a 
Comptm^tary coloure.— This name was applied by Newton to “T . 

which by their mixture produce white light ; such are green and red. orange and Mue, 

whether simple or compound, has its complementary colour ;mo^T^ 
every colour has an infinity of complementary tolours, m^ninch “ 
colours be mixed with white in any proportion, the two will still form white by their 

””HSmholt« has made some remarkable experiments on complementary colomre ^ 
throwing the pure spectrum, formed by a prism and achromatic lens, on » 
pierced wth two narrow slits parallel to the edges of the pnsm, and capable of being 
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lyjOQiAt doiw togetihep at pleasure. The two homogeneous eolbui^ j(>eiieilh tibiii# 
obtained are received on a lens which condenses and brings them to a single focus on 
a white screen placed at a suitable distance. By this mode of experimenting; Helm- 
holtz has shown that there exists an infinity of binary groups of colours, which, when 
united in dw proportion^ produce a perfect white. With the exception of pure green, 
every simple colour of the spectrum is complementary of another simple colour. 

By varying the breadth of one of the slits, the relative intensities^ of the two 
coloured beams could be altered, and it was tlms found that the proportions l^tween 
the intensities of two coloured beams which produce white light by their combination, 
sometimes varies with the intensity of the incident light. This is shown by the follow- 
inar numbers : 

® Ratio of Inteniltf of the lecond 

colour to the first. 


Group of complementary colours. 

Violet — greenish-yellow 
Indigo — yellow . 

Blue — orange 
Greenish-blue — red 


Bright light. Faint light. 
10 6 

4 3 

1 1 

0*44 0*44 



The same mode of experimenting led to the unexpected conclusion that the mixture 
of the him and ydlom rays of the spectrum produces white, whereas the mixture of 
blue and yellow liquids or powders always produces green. This result is confirmed by 
painting two paper discs, one with chromate of lead or gamboge, the other with cobalt-, 
blue, and making the reflected image of the one coincide with on i 

or overlap the direct image of the other, as in method 3 
(p. 648). The compound image thus seen is white. With 
the yellows above mentioned and artificial ulti^marino, 
the white has a slight reddish tinge ; with Prussian -blue, 
a greenish tinge. The production of green by the mixture 
of blue and yellow powders or liquids, arises from partial 
decomposition of the light by absorption, as explained at 
p. 647. 

AWfow’s construction for the calculation of composite 
colours . — The following geometrical instruction was 
given by Newton for calculating approximately the result 
of mixing a number of simple colours. The circum- 
ference of a circle {Jia. 673) is divided into seven parts corresjwnding with the seven 
principal colours of the spectrum, and proportional to the numbers A, iVi* tV »• 
A simple calculation then gives the following lengths of the arcs belonging to the 
several colours : 

r 

38 
34 

The centres of gravity of each of these arcs r, o, y, g, h, i, v, are then marked ; and 
to obtain the resultant of the mixture of several colours, forces proportional to the 
quantities of the colours to bo mixed are supposed to be applied to the centres of 
gravity of the corresponding arcs, and the point of application of the resultant of these 
forces is determined. The colour sought will be that of the arc of the so(.*tx)r m which 
this point of application falls. Thus, to find the result of mixing red, blue, and 
yellow rays whose intensities are to one another as the numbers Wr» Ub, Wy, we must 
seek the point of application of the resultant of three parallel forces pprqKirtJonal to , 
Ur, and Wy, applied at the pointe r, b, V- H this point falls at w, tho mixture ,will 
be yellow, inclining to green, because the point n is nearer to the limit of the green 
than to that of the orange. The nearer the {K>iiit n is to the centre C, the more wU 
the resulting colour be mixed with white ; if it eoincides exactlp^ with C, the mixture 
wiU be white, as, for example, when the seven colours are combined in quantities pw- 
portional to the arcs which represent them, the resultant being then applied at the 
centre of gravity C of the entire circumference. , - . i 

It follows from Newton’s rule : 1. That two simple colours following one another on 
the circumference produce by their mixture an intermediate tint ; an exception must 
however be made with regard to red and violet, which do not follow one another m 
the spectrum, 2. Two colours separated by a third, yield that third by thiur mixture , 
thus red and yeUow yield orange, orange and green yield yellow, &c. Indigo aud 
wd, which are nearly at the opposite extremities of the spectrum, yield a reddish 
eolour different from violet , ^ At.* 

Biot hat reduced Newton’s method to a general formula. For this purpose ha 

T T 2 


Red 



46' 

34" 

Blue 

. 54° 

41' 

Orange . 


. 34 

10 

38 

Indigo . 

. 34 

10 

Yellow . 


. 54 

41 

1 

Violet 

. 60 

45 

Green 

, 

. 60 

45 

3 
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i^culates the oo-oidinates of the centres of of the arcs, taking as the axis of 

abscissas the straip^ht line passing through the point of separation of the ares corre- 
sponding to the vK)let and red, and through the centre, taken as the origin of co- 
ordinates ; he then multiples each co-ordinate by the number of rays of the correspond 
ing colour which is to enter into the compound, divides the sum of the products by the 
sum of the rays which are to be compounded, and thus obtains the co-ordinates of tlio 
point of application of the resultant. Designating the number of rays of each colour 
by the initud letter of its name, these co-oMinates are : 

„ 0-82284 (r + 1 ;) -f- 0-207398 (o + i) - 0-613992 (y -f 6) - 0-363796 v 


r-^ro + y + g + b + i+v. 

Y « 0-48236 (r- ~ y) -t- 0 963163 (o - i) + 0-813736 (y- b) 

These co-ordinates give the distance D, of the point of application of the resultant 
from the centre of the circle, as well as the angle o, which the line joining these 
points makes with the axis of x : for tan a Y : X ; and Y« D sin a, or X » D cos a. 

The value of a shows in which particular sector the point of application falls, and the 
ratio D ; 1 — D shows the proportion of simple light and white light composing the 
resulting colour. 

The preceding method was given by Newton as an empirical rule for representing 
the results which he obtained by forming compound colours containing given proportions 
of simple light at the focus of a lens. It cannot be regarded as more than a rough 
approximation, and is, indeed, less exact than Newton supposed : we have seen, for 
example, that the mixture of blue and yellow rays may produce white instead of green. 

A more satisfactory method of calculating the composition of colours has been given 
by Maxwell (Phil Mag. [4] xiv. 40; Proc. Roy. Soc. x. 404), from whose observa- 
tions it appears that the colours of the spectrum, as laid down accordincr to Newton’s 


tions it appears that the colours of the spectrum, as laid down according to Newton’s 
method from actual observation, lie, not in the circumference of a circle, but in the 
periphery of a triangle, showing that all the colours of the spectrum may be chromati' 
cally represented by three, which form the angles of the triangle. The wave-lengths 
and positions in the spectrum of these three primary colours are : 

Wave-lengths in millionths of an Inch. 

Scarlet . 2328 — about one-third from line C to D. 

Green . 1914 — about one-quarter from E to F. 

Blue . . 1717 — about half-way from F to G. 

This form of the diagram of colour, as perceived by the human eye, is in accordance 
with Young’s theory of three j^rimary sensations of colour, which are excited in different 
proportions, when different kinds of light enter the eye. According to this theory, the 
tlireefold character of colour, as perceived by us, is due, not to a threefold composition 
of light, but to the constitution of the visual apparatus, which renders it capable of 
being affected in three different ways, the relative amount of each sensation being 
determined by the nature of the incident light. If we could exhibit three colours 
corresponding to the three primary sensations, each colour exciting one and one only 
of these sensations, then, since all other colours whatever must excite more than one 
prima^ sensation, they must find their places in Newton’s diagram within the triangle 
of which the three primary colours form the angles. 

If this theory be true, the complete diagram of all colour, as perceived by the 
human eye, will have the form of a triangle. The colours corresponding with the pure 
rays of the spectrum must all lie within*this trian^e, and all colours in nature being 
mixtures of these, must lie within the line formfB by the spectrum. If, therefore, any 
colours correspond with the three primary sensattbns, they will be found at the angles 
of the triangle, and all the others will be within' the triangle. 

The other colours of the spectrum, though excited by undecompounded light, are 
compound colours ; because the light, though simple, has the power of exciting two or 
more colour-sensations in different proportions — as, for instance, a blue-green ray, 
though not compounded of the blue rays and green rays, produces a sensation com- 
pounded of those of blue and green. 

The three colours found by experiment to form the three angles of the triangle, and 
Newton’s diagram, may correspond with the three primary sensations. 

A different geometrical representation of the relations of colour may be thus de- 
scribed : — Take any point not in the plane of Newton’s diagram ; draw a line from 
this point as origin through the point representing a given colour in the plane, and 
produce it, so that the length of the line may be to the part cut off by the plane, as the 
intensity of any given colour is to that of the corresponding point ui Newton’s 
diagram; In this way, any colour may be represented by a line (frawn from the origin, 
whose direction indicates the quality of the colour, and whose length depends on 
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. --tensity. The resultant of two colours is represented by the diagonal of the 

Ilfr^lelojzram fonned on the lines representing the wlours. 

three lines from the origin through the points of the diagram correswnding 
•fiTthe three primaries as axes of co-ordinates, any colour may be expressed as the 
iltant of de&ite quantities of each of the three primaries, and the three elementa 
r/colour wiU then be represented by three dimensions of space. 

Thfl method of observation by which the preceding conclusions are established con- 
'at in selecting three colours of the spectrum, and mixing them in such proportions 
Tfn ^ identic^ in colour and brightness with a const ant, white light. Three standard 
^^urs being assumed, and the quantity of each required to produce the given white 
been found, the quantities of two of these, combined with a fourth colour whicli 
will nroduce the given white, are then determined. A relation is thus obtained between 
Ihe three standards and the fourth colour, whence its jxisition in Newton s diagram, 
with reference to the three standards, may be laid down. i . « r 

The instrument employed in the experiment consists of a dark chamlwr alioiit 5 feet 
Innff 9 inches broad, and 4 deep, joined to another 2 feet long, at an »tngle of about 
100® Light admitted by a narrow slit at the end of tlie slmrter chamber, falls on a 
lens and is refracted through two prisms in succession, so as to form a pure spectrum 
Ht the end of the long chamber. Here there is placed an apparatus consisting of fhreo 
movable slits which can be altered in breadth iind position, tlu‘ position being read otf 
on a graduated scale, and the breadth ascortainwl by inserting a tine wedge into the 

^^'when^whit^ admitted at the shorter end, liglit of three different colmirs is 
refracted to the three slits. When white light is admitted at the three slits, light of 
these three kinds in combination is seen by an eye placed at the slit in the shorter arm 
of the instrument. The white light employed is that of a sheet ot white papm- placed on a 
board and illuminated by the sun’s light in the open air, the instrument being in a 
room and the light moderated where the observer sits. , r 

Another portion of the same white liglit goes down a separate compartment of he 
instrument, and is reflected at a surface of blackened glass, so as to be seen by the 
observer in immediate contact with the compound light winch enters the slits and is re- 

Eacl expeH^ consists in altering the breadtli of tln^ slits till the two lights seen 
hv the observer agree both in cohnir and in brightness. In this way 
places of sixteen kinds of light were found l>y two obsewers. l>oth of whom agived m 
finding the positions of the colours to be very close to the two sides of a triangle, the 
extreme colours of the spectrum forming doubtful fragments of the third 

The chromatic relations between these sixteen eolonrs being thus ascertained, the 
next step is to ascertain the positions of these eolonrs with respect to h raunhofer » 

This is done by admitting light into the shorter arm of tlie instrument through the 
slit which forms the eye-hole in the former experiments. A pure spectrum then 
seen at the other end, and the position of the fixed lines is off on the divided 
scale. In order to determine the wave-lengths of each kind of light, the incident light 
wa.s first reflected from a stratum of air too thick to exhibit the flours of Newton s 
rings. The spectrum then exhibited a series of dark bands at intenals increasing 
frf)m the red to the violet. The wave-lengths corresponding with these forai a senes 
of submultiples of the retardation; and by counting bands between two ^ tJi^ 
fixed lines, whose wave-lengths have been determined by Cabinet (p. 607), the 
lengths corresponding with all the bands may lie calculated ; and there 
number of ban^s, the wave-lengtl.s become known at a great 

this way, the wave-lengths of the colours compared may be ascertained, and tin. 
resulto obtained by one observer rendered comparable with those of another. 

Another instrument, invented by Maxwell for comparing combmartons 
the “colour-top,” whiih is a spinning-top, having its fiat upper 

two concentric circles, each circle being further divided into ^ 

covered with different coloured papers. When the top .« spun, the colour »n e^h ^ 
the circles produce mixed tintM, and the proiK>rtions of those in the outer 
varied till the mixed tint matches that produce d by a given combination in the inner 
circle, the proportions being measured by a graduation on the circumference. 

»om.nclatnre of Colour..- The terms employed to donate 
colour are for the moat part rery indefinite, laung sometime, "S 

ohjeeta or substances, sometimes from the nami-s of inventors 
exhibit the particular colour, and from vanou* other sources IMW w 1«« 

The coloun of mineraU are usually distinguished bv comparison 

objecu which they more or less resemble: thus bfuee are “ 

xxnre, violet, Uvender, amalt, indigo- and sky-blue; gre*”* “ 

mountain, leek, emerald, apple, grass, asparagus, olive, oil, and siskin green , yellow. 
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as sulphur, straw, wax, honey, lemon, ochre, wine, cream, and orange-yellow; reds ss 
aurora or rosea^ hyacinth, brick, scarlet, blood, flesh, carmine, rose, crimson, peach- 
blossom, columbine, and cherry-red ; browns as clove, hair, broccoli, pinchbeck, wood, 
and liver-brown ; greys as pearl, smoke, and ash-grey. 

To obtain greater accuracy in the nomenclature of colours, Chevreul has devised the 
following scheme (De la loi du coniraste simidtane des couleurs, p. 87) : In the first 
place he assigns definite meanings to the terms tint {nuayice), and shade, or tone 
\ton), denoting by tint the result of mixing pure colours in various proportions, and by 
shade or tone the result of mixing any tint or simple colour with black or white, so 
that each tint is susceptible of an infinite gradation of shades. A tint is weakened or 
lowered by the addition of white, strengthened or heightened by addition of black. 
Colours mixed with black are said by painters to be deadened {rahattaes), they then 
refiect less light; in fact, if a coloured surface be less and less illuminated, it becomes 
continually darker and ultimately bhick. This effect is experienced at the ciose of 
day, all the colours then becoming darker and turning tow'ards black. 

ChcvrcvJH 8 Chromatic Circle. — Chevreul has formed a table of 72 tints jMissing gra- 
dually one into the other, and each modified by 20 shades, some produced by admixture of 
white in various proportions, the rest by admixture of black. Imagine a circle divided into 
72 equal sectors. Three equidistant sectors are coloured respectively with red, yellow, 
and and at equal distances from these three colours are placed those which result from 

their mixture two by two, viz. orange between red and yellow, green between yellow 
and blue, violet between red and blue ; then between these six tints are placed the in- 
termediate tints, and so on till the whole 72 are complete. Each of these 72 sectors 
is then divided into quadrangular segments by 20 concentric circles, and in the seg- 
ments thus formed are placed the shades belonging to each colour. At the centre is a 
small white circle, starting fi’om which each tint becomes gradually deeper by the con- 
tinual abstraction of white, till the pure tint is reached, and beyond this the shade is 
continuallv deepened by addition of black till the circumference is reached, which is 
quite black. There is therefore a circular series of segments containing the pure tints 
with their maximum of intensity, and starting from these, the shades in each sector 
become weaker towards the cehtre, stronger towards the circumference. The series of 
colours contained in any one sector forms a gamut of shades of the corresponding tint. 
Each circle of segments contains the 72 tints cori'esponding with the shade of that 
circle» We have thus a diagram of 1440 colours forming types near enough to one 
another for the requirements of the arts. It would be useful also to add the gamut of 
white, that is to say, the series of grey shades from white to black. Such a diagram 
constructed with permanent colours, on painted porcelain for example, is capable of 
rendering important service in the arts, by affording a standard nomenclature of 
colours, which may be designated by the numbers of the sector and the circumference in 
which they occur. 

Lecocq arranges the coloured s^tnents in a different way. He divides the surface 
of a sphere into quadrangular spaci^ by means of meridians and parallels. The pure 
cololirs are placed at the equator, and each of them becomes darker along the course of 
its meridian towards one pole, at which there is a black spot, and lighter towards the 
other pole, where there is a white spot. It would be more convenient to use a cylinder, 
having one of its bases bordered with black, the other with white, and the pure colours 
arranged round a zone in the middle. The cylinder might also be developed on a 
plane, and the whole series of tints and shades thus presented to the eye at once. By 
repejiting at one end of the diagram thus formed, some of the gamuts from the op- 
posite end, each gamut will be placed next to rfiose which differ from it the least. 
In this form the diagram is more easily con^^rUct(*d, especially if it is to be made in 
porcelain^ 

iPDlaHsation itnd trouble Iftefkactloii. 

When a beam of light proceeding from a self-luminous source traverses a homo- 
geneous medium without encountering any obstacle, it exhibits the same properties on 
nil sidiesj — on the north, south, east, and west, for example, if we suppose it to be ver- 
ticals The light composing such a beam is called ordinary or natural light. But after 
the light has met with any obstacle, and has consequently undergone reflection or 
i^fractiDni it exhibits, for the mo.st j>art, different properties oh different sides. If, for 
example, the beam of light bp received obliquely on a glass mirror, and the mirror be 
turned round it> taking care not to alter tlie angle of incidence, the intensity of the 
reflected beam will vary accordihg to the side of it which is presented to the mirror. 
4^ ray thus modified is said to be polarised. The properties of polarised roys all 
i^ate to changes of intensity or modifications of colour, and never affect the direction 
in w^icb they are reflected or iNefracted. 

Light may be polarised in either of the following ways : — 
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Bv Ration from the surface of trafteparent SupMe a ray of light AC 

674 ) to fiUl upon a plato of glass (not silvered, but blackened at the lower surface) 

I Fig. 674. 



at C making an angle of 54i'> with the normal PC. or 35 with the reflecting surface. 
This* rav will bo roflocted in the direction CD, making an angle 1 C l) — AC/i , and in 
the same plane as AC and CP. Now suppose the rellected ray to fall upon a second 
surface of glass at the same angle of 64^ with the normal. If, tlum the second 
mirror be so placed, that its plane of reflection is parallel to the plane ot reflection froni 
the first surface (see left-hand figur.‘), then the ray will be reflocK-d from the second 
surface in the direction DE, just as if it proceeded directly from a luminous «oimje and 
had not undergone previous reflection ; but it the second mirror be so adjusted Jbat its 
plane of reflection is perpendicular to that of the first (.see right-hand figure), then the 
riv CD will not be reflected fi-om it at all, or at least the intensity ot the reflected beam 
will be comparatively small. In intermediat(« positions, still at the same angleof inci- 
dence the ray CD will be partially reflected, the quantity of light in the reflected ray 
DE being greater as the planes of reflection of tlie two mirrors are more nearly parallel. 

The ray, after reflection fnnn glass at an angle ot 51.^”, appears then to exhibit dif- 
ferent properties, according to the direction in which it is a second time reflected, being 
in fact reflexible in dittereiit, degrees at ditferent azimuths ; it is th«>refore f 

The plane in which a polarised ray is mo.st easily reflected is called the piano of 
polarisation ; it coincides with the plane of reflection (or of incidence). 

The angle 64^° is called the polarising angle 
for glass. For every medium there is a particular 
polarising angle, the magnitude of which depends 
upon *the refracting power of the medium, according 
to the following law, discovered by Brewster : The 
poi arising angle ACP {jig. 675) is that for tvhtrh the 
refracted ray CD is pcrpendicnlar to the rejlccted 
ray CB. Now let M denote the imlex of refraction, 

then M i but the angle ACP = BCP 

sin QCD 

[ =» 0] ; and since BC is perpendicular to CD, and- 
QC to CN, angle QCD => BCN = 90'' - 0; therefore, 

u * tan e ; that is to say, the polarising 

cos d 

anqU it the angle whole tangmt is eqxml to the index of refraeti^ ,„v,„tAnpc« 

The following table exhibits the polarisinp: angles of a few transparent substonc , 


Fig. 675. 



Name of substance. 


Fluor spar 
Water . 

Glass 
Obsidian 
•Selenite . 

Amber . 
Kock-crystal 
Sulphate of barium 


Polarising angle. 


64° 60' 
62 46 

64 :16 
66 03 

66 28 

66 35 

67 22 
58 0 


Measured 
fr«»m 
s II r fare. 


36° 10' 
.37 15 

.35 26 

33 57 

33 '52 

33 26 

33 38 

32 0 


Name of «ut>»tanc.e. 

Polarising angle. 

Measured 

from 

normal. 

Measured 

from 

surface. 

Topaz 

Ici land spar . 

Spimd ruby 

Zircon 

Sulphur (native) 
Antimony-glass 
Chromate of lead 
Diamond . 

68° 40' 
58 23 
*60 16 
*63 08 
*64 10 
*64 46 
*67 42 
*68 02 

31° 20' 
31 37 
29 44 
26 62 
26 50 
55 16 
22 18 
21 68 
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There are but few aubstances capable of completely polarising light by reflection, anfl 
genernlly speaking the polarising power is least in those media which have the largest 
indices of refraction. According to Brewster, it is only those media whose refractive 
index is less than 1*7, which are capable of polarising completely ; such are those not 
marked with an asterisk in the preceding table. But even when the index is less than 
1-7, the polarisation is never complete, if the beam of light is bright. In general, sub- 
stances which reflect but little light,, polarise a large proportion of it. Metals,’ \vith 
clean and polished surface, polarise scarcely at all. In all cases, however, Brewster s 
law applies to the incidence at which the reflected beam contains the largest proportion 
of polarised light. 

As the several coloured rays have different indices of refraction, it is evident that 
only homogeneous light can be completely polarised by reflection. Solar light, or ordi- 
nary gas or candle light, can never be made to disappear completely in the manner 
above described. In fact, with media of high dispersive power, such as oil of ctftsia, 
diamond, chromate of lead, or specular iron, all the colours of the spectrum may be 
successively brought into view by slightly altering the inclination of the reflecting 
surface in the vicinity of the polarising angle. With glass^ and water, in which the 
angles of polarisation for the extreme rays of the spectrum do not differ by more than 
15' or 20', the colours are less perceptible; nevertheless the light never disappears 
entirely, and always exhibits a slight coloration after the second reflection. 

Light is more or less polarised by reflection at all angles of incidence, excepting 
perpendicular incidence, the proportion of polarised light in the reflected beam bcang 
greater as the angle of incidence differs less from the polarising angle determined by 
Brewster’s law. 

If a ray, partially polarised by reflection at any angle differing from the polarising 
angle, be again refl('ctcd from the same medium at the same angle, the proportion of 
polarised light in it will be increased ; and by a number of successive reflections, the 
j-ay may be brought- indelinitely near to the state of complete polarisation, the number 
of reflections rc'^iiin'd for the purpose being less as the angle of reflection differs less 
froin the polarising angle. 

2. 7J// ordinart/ lufractUm . — When light pa.sses from one medium to another, the re- 
fracted ray is polarised as well as the reflected ray, its plane of polarisation being 
perpi ndicular to the plane of refraction, or of incidence, and, therefore, also to the 
]»lane of polarisation of the reflected ray. The refracted ray will therefore be reflected 
from a surface of glass at an angle of 54A° just under the circumstances in which the 
ray polarised by reflection would not. Light, however, is never completely polarised 
l)y one refraction ; but the proportion of polarised light in the refracted beam is greater 
as the angle of incidence is nearer to the jxilarising angle; and by successive refrac- 
tions through a number of surfaces of glass, or other medium, it may be brought 
within any assigned limit of complete polarisation. A bundle of thin plates of glass 
or mica, bound together in a frame, forms a very convenient apparatus for polari.sing 
light, whether by refraction or by reflection. 

3. By Doidde Refraction. — All crystalline bodies not belonging to the regular 
system, possess the power of double refraction; that is to say, a ray of light 
(mtering such a medium is split up into two rays of equal intensity, which traverse the 
crystal in different directions. In all such media, however, there are either one or two 
directions in which double refraction does not take place, and these lines are called 
the optic axes of the crj’^stal. Transparent calcspar, or Iceland spar, which crystallises 
in rhombohedrons, and exhibita double refraction mOrc distinctly than any other sub- 
stance, is a crystal with one optic axis, the direction of that axis being parallel to the 
lino joining the obtuse summits of the rhomb.*i-A ray traversing the crystal in a 
direction parallel to this axis is not divided intodWo ; but in all other directions the 
ray is doubly refracted ; and the two rays into which it is thus divided are both 
completely polarised, the plane of polarisation of the one being parallel to the principah 
section of the crystal, that is to say, a plane passing through the optic axis and the 
direction in which the ray tmverses the crystal ; the other in a plane at right angles 
to that section. The ray which is polarised in the principal section follows the ordinary 
laws of refraction, remaining always in the plane of incidence, and having for all inci- 
cidences a constant index of refraction ; but the ray polarised perpendicularly to the 
principal section follows different laws of refraction, its direction not being confined 
within the plane of incidence, unless that plane coincides with or is perpendicular to 
the principal section, and its index of refraction, excepting in the last-mentioned case, 
varying continually with the angle of incidence. The former of these rays is called 
the ordinary^ the latter the extraordinary ray. The mode of refraction of the latter 
will be more fully explained hereafter. 

When these two oppositely polarised rays, which have traversed a rhomb of Iceland 
spar, fall on a plate of glass at the angle of 54J®, so placed that the plane of reflection 
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fi) paralleil to tlie principal section of the cr)*stal, the ordinary ray is reflected, and the 
extraoiiinary ray is not, the contrary effect taking place when these planes are at 
right angles to each other. When the plane of reflection is inclined to the principal 
section at any angle between 0® and 90®, both rays are reflected, but with different 
intensities. 

The two polarised beams, on emerging from the crystal, will overlap each other, or 
will be completely separated, according to their breadth and the thickness of the 
crystal. When, however, it is desired to examine only one of them, it is most eon- 
venient to throw the other completely out of tho field of view. This may be effected 
in one of the following ways : 

a. By Reflection , — The apparatus for this purpose, eallwl a Nichol’s prism, con- 
iets of two similar prisms of ealespar {fly. 670), ABCD, 


Fig. 076. 


■iets 

(TDEF, cemented together with Canada balsam at tlie fac’es 
Cl).* The faces AB, EF are cut so as to make an angle of 
08® witli tho obtuse edges AE, BF of the natural crystal (the 
natural faces make an angle of 71° witli the obtuse edges), 
and the faces CD are perpendicular t«) AB and EF. With 
tliis arrangement, it is foiind that of the two rays, no, ne, into 
which an incident ray, mn, is divided, the ordimiry ray, no, on 
reaching tho surface of Canada balsam (whose imlex of re- 
fraction is less than that of the t>rdiiiary, and gn-atcr than 
that of the extraordinary, ray), suffers total ndleetion in tho 
direction op, while the extraordinary ray passes on in tho di- 
rection cf, and oinerges in fg, parallel to mn. An eyo placed 
at /, therefore, sees but ono image, viz. that formed by the 
extraordinary ray. Hence, a beam of ordinary light passing 
thrtmgh it will be polarised in a plane perpendicular to flio 
jirinoipal section — that is to say, to the shorU'r diagon.il of t he 
rhomb, ab {fig. 677); and a ray, already polaristsl, will bo 
stopped by the prism if its plane of polarisation is parallel to 
oh, but will pass freely through it when tho 
j)lano of [)olarisatiou is perpendicular to ab^ 
or parallel to the longer diagonal cv/. Hence, 
also, two Nichol’s prisms, placed one behind 
the other, appear perfectly opaque when 
their principal sections are at right angles 
to each other, perfectly transparent when the 
j'riueipal sections arc parallel, and transmit 
light with diminished intensity in interme- 
diate positions. 

/3. By Absorption . — Certain donblc-refnieting cryst.als, espo- 
eially the tourmaline, have the jjower of transmitting light only when polarise*! in a 
I'articular direction with regard to their optic axe.s. The tounnaliin* forms crysfalH be- 


Fig, 677. 




lunging to tho hoxiigciial system, having one optic axis parallel to the axis of figure^ 
/Old transmitting light only when polarised in a plane perpendicular to the optic axia 
H**nce, when a ray of light polarised by reflection from glass at the angle <»f 64.^® is 
viewed through a plate of tourmaline cut with its faces paralh'l to tlie optic axis, 
then if the crystal be held with its optic axis perpemlicular to tin; plane of reflco 
tlon, the ray will pass through it as freely ns its colour will permit ; but if the tour- 
maline be held with its axis parallel to the plane of reflection, the refl<-cted rays 
will be completely absorbed, and no liglit will pass. If the tourmaline be gradually 
turned round from the first position to the second, tli<‘ quantity of light which passes 
through it will continually decrease, bec^ause the polarisisl ray is then diviiled by tlie 
tourmaline into two, one polarised at right angles to the axis, (he oth(*p parallel 
thereto, the intensity of tne former continually decreasing, and that of the latter 
increasing as the tourmaline is turned round. When a ray of ordinary light is 
/ransmitted through a tourmaline plate of a certain thickness, cut us above describe*!, 
it is divided into two, as by other double-refracting crystals ; but the ordinary ray if 
completely absorbed, and only the extraordinary ray passes througli, so that tho emer- 
gent beam is completely polarised in a plane {>erpendicular to the axis of the tourmaline. 
Hence if two such plates of tourmaline be superposed, and the liglit of the sky l>o 
viewed through them, then if the two be placed with their optic axes parallel, tho 
light wrill pass through them as freely as their colour and imperfect transparency will 
permit ; but if one of the tourmalines be then tunicd round, the quantity of light traris- 
tnitted will decrease as the axes deviate more and more from parallelism, and at last^ 
^hen the two axes cross one another at right angles, the light will be completely 

intercepted* 
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Two such tonmalines momted with their ftwes jmralM to each other, and sown 
permit one of them to revoke in the plane of the axis fom a veiy convenient nnd por. 

t&hle apparatus for experiments on polarised light. ^ A single tourmaline is also very 
convenient for examining light polarised by reflection or refraction. The only objec- 
tion to the tourmaline is its colour, the best polarising tourmalines having always a 
brown colour, which greatly modifies the colour of tiie transmitted light, especially as, 
in order that the tourmaline may polarise completely, it must have a thickness of at 
least the tenth of an inch. 

There are a few other double refracting ciy.stals possessing similar properties ; in 
particular the so-sailed “ sulphate of iodo-quinine,” discovered by Dr. Herapath. This 
Bubstance crystallises in thin six- or eight-sided plates, which are transparent and 
nearly colourless by transmitted light when viewed separately ; but when two of them 
are superposed, with their longer dimensions cro.ssing one another at right angles, the 
part where they cross appears quite black, even if the thickness of the crystals doeif not 
exceed 5 '^ niillimetre. The crystals of this compound may therefore be used in 
the same manner as tourmalines, and are even better adapted for optical use, by their 
greater tninsparency and freedom from colour ; but their fragility renders it somewhat 
difficult to manipulate with them. 

The best substitute for a tourmaline is the Nichol’s prism, above described. The 
calcspar crystals lieing perfectly colourless and very transparent, transmit much more 
light than two superposed tourmalines. 

All arrangements for examining the properties of polarised light necessarily consist 
of two parts; viz., the pol arise r, by which the light is brought into the polarised 
state, and the analyser, by which its state of polarisation and its properties are 
examined; thus, when a ray is reflected from a plate of glass at an angle of 64j°, and 
the reflected beam examined by a tourmaline held before the eye, the plate of glass 
is the polariser, and the tourmaline the analyser. It is clear that any one of the 
apparatus above described, namely a reflector, a refractor, a double-refracting crystal, 
a tourmaline, or a Nichol’s prism, may be us(‘d either as polariser or analyser. 

MTature of Polarised Uglit*— The existence of rays having different properties 
on dilferent sides was regarded by Newtou as a decisive objection against the wave- 
theory of light, on the ground that pressures or moveineiits excited by a luminous body 
in an elastic medium ought to be equal in all directions ; and Huyghens was obliged 
to admit his inability to account for the existence of polarised rays on the undulatory 
theory as then understood. The reason of this apparent inability of the wave-tln'ory 
to explain the phenomena of polarisation, was that, at the time of which we are speak- 
ing, the vibratory movements of the ether were supposed to take place whojly in tlie 
direction of propagation of the waves, and on that hypothesis it is impossible to con- 
eeive of rays of light, any more than rays of sound, jK^ssessing dilferent properties on 
different sides. But later experimental researcbe.^^, and the investigation of the subject 
on the principles of analytical mechanics, have shown that the vibrations of the lunii- 
piferoiis ether take place in planes tangential to the wave-surface, or transversely to 
tlie direction of the ray. From this point of view, the difference between ordinary 
and polarised light is easily explained. An ordinary or natural ray is one in which 
the vibrations take place in all directions successively in the plane of the wave; and a 
polarised ray is one in which the vibrations, still tangential to the wave-surface, are 
confined to one plane. Suppose, for example, the direction of the ray to be vertical, or 
that of the wave- surface horizontal; then, if the ray be polarised, the direction of 
vibration of all the particles will be cither north find south, or east and west, or in 
some one intermediate azimuth; and if it bo- unpolarised, the vibrations will tako 
place in all these directions successively. . 

This view of the nature of polarised light-ii established by the experiments of 
Fresnel and Arago on the inteiderenee of polarised rays, the general result of which is, 
that tu’o rays whose planes of polarisation (p. 653) are paralUi to one another interfere 
just like unpolarisi a rays : but two rays whose planes of polarisation are perpendicular 
to one another do not exhibit any phenomena of interference, whatever may be their 
difference of phase. These results are easily conceivable if the vibrations are transverse 
to the direction of tlie ray; for if the vibrations of the two rays take place in 
directions parallel to each other, the resultant will be equal to the sum or diflTerence 
of their inmvidual movements, as explained at pjige 598, and will be reduced to zero, 
that is to say, the rays will destroy each other, when tlieir phases are exactly opposite ; 
but if their vibrations are performed in planes inclined to one another at any angle, 
there will be, at every point, a finite resultant, determined in rai^nitude and position 
by the rule of the parallelogram of velocities, and never becoming equal to nothing. 
Hence, two rays whose planes of polarisation are not parallel, can never interfere so as 
to produce complete darkness ; and if their planes are at right angles to one another, 
they cannot interfere at all. If, on the other hand, the vibrations of the ether take 
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in the direction of the ray, it is impossible to conceive any conditions which 
V^d prevent them from interfering with one another, and producing daHuees when 
they meet one another under a cerUiin difference of phase. 

The expei'iments which show that the interference of polarised rays does depend, as 
ftbove described, on their stute of polarisation, are the following : 

1 The light passing through two narrow parallel slits very close together, as ip 
Young’s experiment (pp. 699, 604), is j)olarised by covering the slits with two pieces 
of the same plate of tourmaline, cut par.illel to the axis, which jx)lari8e6 the light in a 
plane perpendicular to that axis. If'the t wo tourinalino plates liave their axes parallel 
to one another, the two beams of light interfere and pipduce fringes, just as if the 
tourmalines were not there ; but if they are placed with their axes at right angles to 
one another, all the fringes disappear. In intermediate positions of the tourmalines 
fringes are produced, but fain tt*r as the angle bet ween the axe.s approaches more nearly 
t# a right angle. Instead of tourmalines, two small bundles ot mica-plates may be 
placed before the slits, in a position inclined to the direction of the rays, which are 
tlien, after transmission, almost wholly polaristxl in a plane perpendicular to the plane 
of incidence. The fringes then di.sapp('ar when the bundles of plates are so placed 
that the two planes of incidence are at right angles to each other. 

2. The two slits are covered with two fragments of the same plate of calcspar or 
rock-crystal, cut parallel to the optic axis. Each plate then gives an ordinary and an 
extraordinary ray, whose planes of polarisation are at right angles to one another. If 
the axes of the two fragments are parallel, the two onlinary rays which emerge from 
tliem produce fringes, just as if they were unpolarised ; so likewise do the two extra- 
ortlinary rays, and these two systems of fringes are superposed. If now one of the 
crystalline plates be gradually turned round in the plane parallel to its axis, the 
fnnges become fainter, and when the axes of the two jdaU^s are at right angles to one 
another, the fringes disappear altogether, and give place to uniform light. At the 
same time, however, other systems of fringes make their appearance on the sides, 
being produced by the interference of the ordinary rays proceeding fiom one of the 
slits with the extraordinary rays from the other; they are shifted to the sides on 
account of the difference of velocity of the ordinary and (*xtraordinary rays within the 
crystal. So long us the ax'es of the two plate's remain parallel, the ordinary ray of 
the one and the extraordinary ray of the other are polarisiMl in planes at right angles 
to one another, and the lateral fringes are not produced ; but on inclining the axes to 
one another, these lateral fringes appear, becoming more and more brilliant as the 
angle between the axes increases, and attaining their greatest brightness when th* 

two axes form an angle of 90*^. ^ ^ iu /• * 

3. When a narrow screen, such as a hair, is placed in the path of the two rays 

is.suing from a rhomb of Iceland spar, placed before the focus of a lens, no fringes are 
])roduced within the shadow, as they would he by ordinary light, because the two 
rays are polarised in planes at right angles \a) one another. , . , , a 

In Fresnel’s mirror cxpiTinient (p. 699), the rays are polanswl by reflection m 
the same plane; and in that of Young (p. 602), the my s originating from the same 
source have their transverse vibrations at each instant pamllel to one another, so that 
they air in the right condition for interference. - , v it i 

The preceding experiments show then that the vibrations of the ether are parallel 
to the wave-surface, and that in a polarised ray they take place, for the most part, in 
one plane passing through the ray. Moreover, the vibratory movermvU are 
flicula 

with one , 

to the principal section of the crystal; ^ ..i " r i 

plane pamllel to tliat section (p. 653). Now as this ray 

refraction, and consequently has a conslant. velocity whatever direction it may take 
through the eryefal, Ae vibrations of the ether which form it must have a constant 
direction with regard to the axis of the crystal ; and as they are ixirpendicular to the 
ray wlmtever angle it may make with the axis, they could not form a constan angle 
with the axis, unless they were ulst. perpendicular to that axis The vibrato^ 
movemente constituting the ordinary ray are therefore isnimndieular both to the 
ray and to the optic axis, and therefore to the pnncipal s<-etion, which is the plane 
passing through the ray and the axis, and in this case is identical with 
polariwtion of the ray. Hence, as all rs, lamed rays 

whatever may be their origin, it follows tliat the vibrations of the ether are always at 

.h. ,,, » 

upon it at pe^pendiW^r incidence, which shows that all vibrations perpendicular to 


me passing through the my. Moreover, the vibratory movermvU are pTjten- 
• to the plane of polarisation. For when a beam of light passes through a crystal 
le optic axis, like Iceland spar, the ordinary ray is [xilariHod in a piano fisirallei 
principal section of the crystal ; that is to say, it is most easily reflected in a 
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the axis are arrested by it Bat when the ray pas'=es tbrougb a plate of toumalh, 
cut parallel to the axis, only the ordiaaryray is interoept^ the extraordinary ray 
passing through. The vibrations of the ordinary ray must therefore be perpendicular 
to the axis, and consequently to the principal section of the crystal, parallel to which 
the ray is polarised. 

Prom this direction of the Tibratory movements, it follows that a polarised ray is 
most easily reflected when its vibrations are parallel to the reflecting surface, and on 
the contrary, that it is most easily transmitted through a pile of plates when the 
vibrations take place in the plane of incidence or at right angles to the surface ; also that 
the ray passes most completely through a tourmaline cut parallel to its axis, when the 
■^nbrations are parallel to this axis. The tourmaline acts therefore like a grating, 
which gives free passage to a surface, such as a knife-blade, parallel to the bars, but 
stops it when presentiid transversely. 

The form of the curve which the ether-molecules describe in the plane perpondicufar 
to the diritction of the ray — for example, in the row a a {Jiy. 677) — determines the 
Fig. 677. state of polarisation of the ray. If 

the oscillation consists in a mere 
motion of the particles back- 
♦ ••^***, wards and forwards in a straiglit 

• line, the ray is said to bo rectili- 

•* nearly polarised, or plane- 

— 2- * » ^ * * , * ' polarised; and the plane pass- 

••• , ing through the ray at right angles 

»••••, ***** ^ direction in which the 

*^**«* *•**• , particles vibrate, is the plane of 

• • « • • polarisation of the ray. The 

^ particles originally situated in 

the straight line which is the direction of the ray, appear at a certain moment, 
arranged in the wave-line acb. If each of the vibrating particles describes a circle, the 
direction of its velocity will change from 0° to 180® while the vibration is extending 
through the space of half an undulation, and to 360° in the space of a whole undu- 
lation : hence, a series of particles in all phases of velocjty, extending from one ex- 
tremity of the wave to the other, will be situated on a screw-lino having the direction 
of the ray for its axis. The ray is then circularly polarised, and right or left, 
according as the direction of revolution of the ether-molecules, regarded from the 
centre of the circle, or the axis of the screw, is like that of the hands of a watch or the 
contrary. The result is the same as if the ray were polarised in one plane, and this 
plane revolved, making a complete revolution daring the time of one vibration. 

If each of the vibrating particles describes an ellipse, tlie successive particles may 
be conceived as arninged on an elliptical screw-line. In this case, to determine the 
state of polarisation of the ray, it is necessary to specify, not only the length of the 
major and minor axes of the ellipse, but likewise the position of these axes in space, as 
determined, for example, by a system of rectangular co-ordinates, one axis coinciding 
with the ray, while the other two are drawn at right angles to each other in the 
plane of vibration of the ether-molecules. The direction of the rotation must also bo 
stated as in the case of circular polarisation, 

A circularly polarised ray examined by an analyser exhibits the same intensity 
in all azimuths, just like natural light, but is distinguished therefrom by appearing 
coloured when viewed through the analyser, after parsing through a thin plate of a 
double refracting crystal (p. 671). An ellipticajfy polarised ray exhibits a maxi- 
mum and minimum of intensity in two positions dfjhe analyser at right angles to each 
other, but is never completely extinguished like fl jilane- polarised ray, and is likewise 
coloured by transmission through a double-refracting film. The colours thus imparted 
both to circularly and to elliptically polarised light, ditFer from those exhibited under 
similar circumstances by plane-polarised light. 

To understand the manner in which these different states of polarisation arise, it is 
necessary to take account of the movement impressed upon the molecules of the ether 
when they transmit severjil systems of waves at once, the velocities being then 
compounded according to the principle of the parallelogram of forces. When this 
composition is effected by construction or by calculation, it is found that wfien the 
lengths of the component waves are equal (the only case that will be here considered) 
the waves of the resulting system always have the same length, so that the changes 
produced can affect only the amplitude of vibration and the state of polarisation. 

1. When the two rays are polarised in thi same plane. — In this case, the amplitude 
of the resultant wave is equal to the sum or difference of the component waves, 
according as the two rays are in corresponding or in opposite phases ; and if they are 
in exactly opposite phases, and of equal amplitude, they destroy each other’s motion 
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coinpl<^tely, and produee darkness. The case is, in fact, that already considered under 
XMTBSFBBBirCE (p. 598). 

2. tht two raj/a are polarised at right angUa to each other. this case, the 
Tibrations of the two wave-systems take place in planes at right angles to one 
another, and therefore the resulting system cannot be rectilinearly polarised, unless 
the difference of phase of the two component wave-systems is either nothing or an 
exact multiple of a half wave-length. If we imagine two rays travelling at right angles 
to the surface of the paper, and passing through the point A (fig. 678), the vibrations 
of the first (positive) half-wave of the one system 
being direct^ parallel to Aw, and thase of the 
other parallel to Aw ; then if both the waves af- 
fect the particle A simultaneously and with equal 
force, the resulting vibrations will make an angle 
of 46° with those of the com^nent wave. The 
azimuth of the vibration is then 46°, reckon- 
ing from Aw. If, on the other hand, the second 
system is half a wave-length before or behind the 
other, it will affect the particle A with its negative 
vibration Am\ at the same time that the positive 
vibration Aw of the other system begins to act The 
azimuth of vibration is then —45°, always reckon- 
ing from Aw. 

But if the difference of phase of the two wave- 
systems is equal to a quarter of a wave-length, 
the velocity Awi then affects the particle A, just as the vibration imparted to it 
by the other system has brought it to w, and it is about to return towards A : it 
therefore acquires a rotatory movement round the j>oint A. The ray is therefore 
circularly polarised, and right or left, according as the system Awi is before or behind 
the system Aw by a quarter of an undulation. If the amplitudes of the two systems 
are unequal, a difference of phase amounting to a quarter of a wave-length will produce 
elliptical polarisation. This kind of polarisation is likewise produced with any other 

difference of phase ^excepting 0 or wi . whether the amplitudes are equal or uiuqual. 

If the two systems are polarised in planes making an oblique angle with one anotlier, 


Fig. 678. 



a difference of phase equal to 0 or wi . - 


produces rectilinear or plane polarisation, while 


every other difference produces elliptical polarisation. 

It follows, from the preceding considerations, that elliptical polarisation is the usual 
state of polarised light, circular and rectilinear polarisation being merely particular 
cas<*s of it. 

Suppose now a plane-polarised ray to fall on the separating surface of two tmnspa- 
reiit mtKiia, its plane of vibration being inclined to the piano of incidence at an angle 
of 45°. Each vibration may then be regarded as resolved into a component (P) 
vibrating in the plane of incidence, and another (li) vibrating at right angles to thivt 
plane; and these two components will be weakened by reflection in unequal degrees. 
At the incidences 90° and 0° (measured from the normal), the two components of tho 
reflected ray are of equal intensity ; but from 90° to 0° the intensity of It continually 
diminishes,* whereas that of P, though it likewise diminishes for a certain^ distance 
from 90° towards 0°, attains a minimum value at a certain angle of incidence, whoso 
magnitude depends on the refractive index, and increases again from that point up to 
perpendicular incidence. • i r • 

In reflection from metals, and also from non- metallic substances of high refractive 

power, the quotient ^ has always a considerable value ; but in tho cose of media of 

comparatively low refractive power, such as water and glass, it very nearly vanishes at 
the limiting angle above mentioned. Moreover, as the variously direct^nl vibrations of 
an ordinary (nnpolarised) ray may be resolved into the two principal components al>ove 
mentioned it follows that, at the limiting angle, the vibrations of the ray (if mono- 
chromatic) will all, or nearly all, be reduced to one piano— namely, a plane perron- 
dicular to the plane of incidence ; in other words, the ray, after reflection, will be 
completely polarised, or nearly so, in the plane of incidence. The limiting angle 
above referred to is therefore the polarising angle (p. 663). It is clear also that if the 
ray thus polarised falls upon a second mirror at the same angle, and this mirror is so 
placed that the vibrations of the polarised ray are pamllel to its plane of incidence, 
little or no light will be reflected from it; but that, if tlio second reflector be turned 
iPnnd from t^ azimuth, always remaining at tho same angle to the ray, the quantity 
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of light reflected will gradually increase till the plane of incidence upon the second 
mirror coincides with that upon the firsts at which the quantity of light reflected from 
the second mirror will be a maximum. (See page 653.) 

When light falls at the polarising angle on a substance of comparatively small 
refracting power, as glass, water, &c., the intensity of the refracted ray is much greater 
than that of the reflected ray, inasmuch as a small portion of the light polarised at 
right angles to the plane of incidence, and nearly the whole of that which is polarised 
parallel to the plane of incidence, pass into the refracted ray. The former coinponent 
unites with an equal portion of the latter, reproducing unpolarised light, so that the 
refracted ray consists of natural light mixed with light polarised in the plane of 
incidence. 

The two components P and R not only differ in intensity after reflection, but like- 
wise exhibit a difference of phase, P being always more or less behind P, excepting, 
according to Jamin, in reflection from one or two varieties of silica. * 

At the incidence of 90°, since a ray polarised in the azimuth of 45° retains its 
azimuth unaltered, the difference of phase of the two components P and R is either 
nothing or equal to an entire wave-length (p. 659). At perpendicular incidence, the 

azimuth changes from 45° to — 45°; consequently the difference of phase is In both 

cases, therefore, a plane-polarised ray remains plane-polarised after reflection. But 

at all other incidences, the difference of phase is between \ and and consequently the 

plane or rectilinear polarisation is converted into elliptical polarisation. The angle of 

incidence for which the difference of phase = — is called the principal incidence. 

It is very little smaller than the polarising angle (p. 653), calculated from Brewster’s 

P . 

formula, tan » « /a ; hence, at the principal incidence, the quotient ^ differs but little 
from its smallest value. In substances of small refracting power, the passage from the 
difference of phase ^ to X takes place quickly, so that the elliptical polarisation is per- 
ceptible only betw( cn very narrow limits ; but in bodies of greater refracting power, 

such as diamond, it is more easily observed. 

Fig. 679. which the angles of incidence are 

laid down as abscissae, and the differences of phase 

diminished by ^ as ordinates, exhibits the differ- 
ence of behaviour of gla.ss, sulphide of arsenic, and 
zinc. Tlio points p\ p" correspond to the prin- 

3A 

cipal incidences, or to a difference of phase « . 

The more refrangible rays acquire a greater dif- 
ference of phase in their two components under a 
given incidence than the less refrangible rays. In 
many metals, as silver, copper, brass, and nickel- 
silver, the ratio of the intensities P : P is smaller, 
while in others, as zinc and steel, it is lai^er for the 
more refrai^ble rays. In consequence of this in- 
equality, tlje former metals, especially when illu- 
minated b^light vibrating in the plane of reflec- 
tion, exhibit a yellow or red, the latter a bluish 
colour, the tints often coming out with continually 
greater distinctness after repeated reflection. At 
the incidence of 90°, that is to say» when the incident ray just grazes the surface, all 
well-polished metals appear white. 

Theory of Double Ref taction. 

The phenomena of reflection, refraction, and coloration undergo considerable altera- 
tions when light falls media through which it travels with different velocities in 
different directions. This is the case in all crystals not belonging to the regular or 
monometric system ; likewise in aU media whose molecular condition is altered in par- 
ticular directions by pressure, or by heating and sudden cooling, such as unannealed glass. 

Crystals mth one Optic Axis. — Consider, in the first place, crystals belonging to the 
dimetric and hexagonal systems, which resemble one another greatly m their 
optical as well as in their other physical properties, such as expansion by heat (iii. 72), 
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5 heat and electricity fii. 122). In these crystals, the elasti- 

VkOT* nri'Aut’xkaf o nrn. f.i V A ArVAtulsV OF loilSt foOSltlVO 


•nd WaHAtavvaaajj aai^ww vax.v,v. y ^ . . 

I*tv 01 the ether is either greatest (negative crystals), or least (positive 
rvstals) in the direction o? the principal crystallographic axis, but equal in all* 
Si/vtions at right angles to that axis. If, now, from any point within the crystal, 
f mitrht lines be drawn in all directions, and proportional in length to tlio square roi^s 
Tf the elasticities of the ether in these several directions, the terminal points of theso 
lines will be situated on a surface of revolution called the surface of elasticity 
To find the velocities with whicli rays are transmitted in these several directions, 
imagine a number of plane waves to pass in all directions through the centre. Every 
Hucli wave cuts the surface of elasticity in a closed curve, like 
fui 680. If the crystal is negative— ealespar, for example — the 
longest diameter of this curve lies in a meridional plane (called, 
in optical language, the principal section), the shortest dia- 
niet^ in the equatorial plane of the surface of elasticity. If the 
light- wave is polarised, and its vibration.s take place in the di- 
rection C8, it will, after penetrating thwiigh an extremely thin 
layer of the crystal, divide itself into two polarised waves, 




vl 



layer oa iin- ^ , 

which vibrato in the directions of greatest and least elasticity, 
cp and cr, with the amplitudes ca and cK and will there- 
to travel with unequal velocities in the direction pi'rpendi- 
cular to mnpr. It is as if the molecules of the ether wore com- 
pressed in the direction of the principal axis, so that a vibratory 
movement cannot easily bo propagated in a direction oblique 
to that axis, but is resolved into two in the manner above men- ^ 

‘“Thtsame result will ensue if tlie incident wave consists not 

natural light, excepting that the two polari.sed components will tlicn liave wpial int n 

sities since they are made up, not only of the components of vil)rati()nH in thedirection 

r.s, but likewise^ of those of vibrations in all other directions within 

If the incident wave coincides with the CHiuatorial P^^**”*; in’ two 

two semidiameters c p, o r arc equal. In tliis case, tlie light is 

directions at right angles to one another, but the wa^^ travels 

itself, in the direction of the principal crystallogmphic axis, which on 

property, is denominated the optic axis. Crystals ot the d»*nc Aoincides 

.systems are optically uniaxial.-If the plane 

with a meridional plane, tlie difference of the two velocities 

maximum, since one of the components calls into action the m . . - .u 

elasticity in the direction of tho axis itselt. The velocity of 

comiKinent remains, as above mentioned, the si^e in all direc ions, imagine 

always proportional to the radius, cr, of the suiTace of elasticity. / ^ twiint o 

ihe infinite number of plane wave-surfaces passing iii all direc ions i g 
set in motion at tho same time, according to the laws above detailed, 

•sliorttime, enclose two different curved surfaces called f vibrates in tho 

a X i a 1 c ry 8 1 a 1 8. One of these surfaces, corresponding tx) the light wh nrinciml 

«iuatorial plane, or at right angles to the principal swtioii('oc jiolansed ^ p 

HK.tion,p.657), isaHphcro; tTio second, corresponding J 

principal section (or is jxilariseil at right angles to that section), is s lo y - 
to be an ellipsoid of revolution, wliich touches 
the sphere at two points situated on the optic 
axis. Fi^. 681 is a meridional section of the two 
wave- surfaces. In any direction through su(‘h a 
crysbil, two rays, polarised at right angles to 
each other, travel with the velocities wg and wf. 

The vibrations of the first ray are perjieiidicu- 
lar to its direction, but those of the second are 
not; they take place in a plane touching the 
ellipsoid at the point,/*, so that, to find the velo- 
city of transmission of the plane wave correspoixi- 
ing to the ray w./, it is necessary to draw a 
p^-rpendicular from w to the plane which touches 

Throry, first (Isveloped l.y Fresnel, all tho 
may Ihj deduced in a very simple manner. Suppose a beam of parallel " 
ing to the plane wave h g (fig. 682) to fall iiiwn the siirfaee of » """ ^ as^centrw 

ealespar, for eiample-whose optic axis is in the direction hu Jtonnd A as » cen^ 
desenbe the two wave-surfaces, so that, takings/ “ “"‘‘J'' ^ sphericia 

•urface may be 3 . and that of the ellipsoid -g-^. Imagine also a line drawn 
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through / at right angles to the plane rf the tore, and through this line autm,^ 
planes to pass toncbing the sphere in 4 the eUipsoid in n; then, as eiplmed^ 

reference to 6S5 (p. 609), aji 
Fig* ^S2. 3 n will be the directions of the two 

rented rays. The vibrations of the 
ray bh are peij)endicular to the plane of 
incidence, which in this case is also tho 
principal section ; those of the ray d n 
are parallel to the plane "'of incidence. 
The ratio of the velocities of the ray 6 h, 
without and within the crystal, is inde- 
pendent of the angle of incidence, as in 
UDcrystallised media and crystals be- 
longing to the regular system {iso- 
phanous media), since the corre- 
sponding wave-surface is a sphere. 
This ray is therefore called the ordi- 
nary ray (0). But the index of re- 
fraction of the second ray, hn, varies 
with the angle of incidence : hence this 
ray is called the extraordinary ray 
(i?). In calcspar, and all other negative crystals, it is less than that of the ordinary 
ray. 

If the plane of incidence neither coincides with a principal section, as in tho pre- 
ceding example, nor is perpendicular thereto, the plane drawn through f tangential to 



Fig. 683. 


the ellipse will touch it in a point not contained in the 
plane of incidence ; the extraordinary ray then deviates 
from tho plane of incidence, which is never the ease in 
ordinary refraction. As in negative crystals, tho ex- 
traordinary ray is always less refracted than the ordi- 
naiy ray, and, in comparison with this, appears to b(' 
repelled from the optic axis, those crystals are sometimes 
called repulsive : positive crystals, on the other hand, 
in which the extraordinary ray is more refracted than 
tho ordinary ray, are called attractive crystals. 

The optical relations of positive uniaxial ciystals are 
exactly similar to those of negative crystals, excepting 
that, as the elasticity of the ether is a minimum in tli(» 
direction of the optic axis, the velocity of the light in 
this direction is a maximum. The wave-surface of the 
ordinary ray encloses that of the extraordinary ray, as 
shown in section in fig. 683. Tho ray E in these crystals— lock-crystal, for example 
— is more strongly refracted than O. 

The following is a list of the most important uniaxial crystals : 



Positive or Attractive Crystals. 


Zircon. 

Quartz. 

Tungstate of zinc. 
Stannito. 

Boracite. 


Apophyllite. 

Sulphate of potassinfii and 
iron. 

Acid acetate of copper and 
calcium. 


Hydrate of magnesium. 
Ice. 

Hyposulphato of calcium. 
Dioptase. 

Red silver. 


Negative or Bcfulsive Crystals, 


Iceland spar. 

Carbonate of calcium and 
magnesium'. 

Carbonate of calcium and 
iron. 

Tourmaline, 

Rubellite. 

Corundum. 

Sapphire. 

Ruby. 

Beiyl. 

Apatite. 


Idocrase. 

Wernerite. 

Mica. 

Phosphate of lead. 
Arsenio-phosphate of lead. 
Hydrate of strontium. 
Arsenate of potassium. 
Chloride of calcium. 
Chloride of strontium. 
Basic phosphate of potas- 
sium. 


Sulphate of nickel and 
copper. 

Cinnabar. 

Mellite. 

Molybdate of lead. 
Oct^edrite. 

Phosphate of calcium. 
Arsenate of lead. 
Arsenate of copper. 
Nepheline. 


LIGHT ; DOUBLE REFRACTION. m 

Fiom tiM oxplanation just given of double refraction in uniaxial ciystala. it followa 
that, for the complete optical characterisation of such a body, it is sufficient to know 
the greatest and least velocities of light therein, or — which comes to the same thing — 
the indices of refraction for the two oppositely polarised rays which traverse the 
crystal in a plane perpendicular to the axis. To find these indices of refraction, the 
crysti must be cut in the form of a prism, with its refnicting angle parallel to the 
optic (or principal crystallographic) axis, and the least deviations of the several 
coloured rays in the ordinary and extraonlinaiy image measured by the methods already 
described. The values thus found are, of course, true only for the particular tempera- 
tures at which they are measured. Change of temperature Hkewise affects the refractive 
indices of double-refracting crystals in a peculiar manner, because the rate of expansion 
by heat of these crystals, in the direction of the optic axis, is not the same as in 
directions perpendicular to that axis. Calcspar, for example, expands in the direction 
of its optic axis joining two obtuse summits of the rhombohedron, more strongly than 
in any other direction, the rhombohedron at the same time appromdiing in form to the 
cube, while the double refraction pcrc(‘j)tibly diminisliea, or, in other words, the 
refractive indices of the rays E and O approach more nearly to equality. Very exact 
measurements of indices of refraction of Fraunhofer’s seven lines (//—//), in the 
ordinary and extraordinary images of calespar and n>ck-crystal, together with the 
altemtions produced in th«mi by change of temperature, have been made by Uudberg 
(Pogg. Ann. xiv. 46; xxvi. 291). Double refraction is frequently also different in 
d<'gree for the different coloured ray.s. In apophyllite, indeed, this inecpiality is so 
great that the crystal is positively double-refracting for the blue, negatively for the 
r«‘d rays, and single-refracting for an intermediate ray. 

2. Crystals with two Optic axes . — In all crystals belonging to the remaining systems, 
viz., the tri metric, monoclinic, di clinic, and tri clinic, there are two directions 
or axes in which an ordinary ray of light may p.'iss without being split into two. 
Hence tliese crystals are called bi- or di-axial. The somewhat more complex 
pinmomena which they exhibit are also complet<‘ly explained by IfreHnel’s theory. 

The elasticity of the ether in these crystals is of unequal magnitude in throe tlirec- 
tions at right angles to each other (the three axes of elasticity). Jf we call the modulus 
of greatest elasticity «*, of the middle b'\ and of the least c*, and imagine lines drawn 
from the centre of the crystal in all directions, proportional to the square roots of f ho 
elasticities called into activity in these sevfTal directions, the ends of these lines will 
be situated on a surface, called the surface of elasticity, having thn^e unequal 
axes, 2«, 2A, 2(7, at right angles to one another; and if jdane waves bo supposed to jmihs 
through the centre of this surface in all possible dir<‘ctions, as in the case of uniaxial 
crystals, each of these will cut the surffwe of elasticity in a closed curve. All vil)ra- 
tioiis in such a plane wave-surface are very quickly resolved in the direction of the 
greatest and least diameters of the plam^ section, which are perpendicular to one 
another; and the wave is divided info two which travel onwards parallel to each other, 
but with unequal velocities, proportional to the souare roots of the (dasticities 
which are set in action in the direction of those <iiametc*rs. If all these plane 
waves are supposed to be set in motion at once, they will, alter a given time, enclose 
the wave-surface of biaxial media. 

Fig. G84 exhibits three sections of the w'ave-surface cutting one another at right 
angles. Of the two perpendicular to the plane of the figure, the vertical section con- 
tains an ellipse enveloped by a circle; the horizontal section, a circb* envedoped by an 
ellipse ; the section in the plane of the paper consists of an ellipse and a circle inter- 
s(‘cting one another : they are represented separately in///- The circle in each 

section belongs to rays whose vibrations are pjcrpendicular to the plane of that section, 
and therefore in the direction of an axis of elasticity: such rays suffer ordinary rc'frac- 
tion. The ellipse, on the other hand, gives the vehs-ity (»f transmission of tlie extra- 
ordinary rays, whose vibrations are parallel to the plane of the section. lo obtain tho 
three characteristic refractive indices of fi, a*" of a biaxial crystal, three* prisms must 
be cut, having their refracting angles respectively parallel to the three axes of fdasti- 
city, and the minimum deviation of the seven [trincipal rays determined in each of 
tln^m, for that one of the two coloured image.s, whose plane of pdarisalion is perpen- 
dicular to the refracting angle. This measurement has been very carefullv p<*rformed 
by Uudberg for arragonite and topaz. Doth the refractive indices, and the ratios 
between them, vary with the temperature in biaxial as well as in uniaxial crystals. 

The ratios — , which express the strength of tho double refraction, appear to 

increase in all^stals from the less to the more refrangible rays. In crj^stals of the 
trimetric system, the axes of elasticity have tho same direction for all the colourful rays. 
The crystals of the mono-, di-, and tri-clinic systems appear to exhibit a different 
VoL. HI, U U 



In two directions, ah and a'U (fig. 686) making equal angles with the axis of greatest, 
and also with that of least elasticity, the surface of elas- 
ticity is cut in circles. At right angles to the planes of 
these circles, and therefore in the directions O, Cr\ a 
plane wave is propagated without being resolved into 
others, or altered as to its state of polarisation. These 
[ /r; ’ ' I directions were designated by Fresnel, as the true optic 

V \ ^ 7 axes of the crystal. But, as shown by fig. 686, there 

/ are likewise two directions in which the ordinap^ and 
extraordinary rays, which, therefore, belong to different 
waves, are transmitted with the same velocity. The.se 
directions, which unite the points of intersection P of the 
ellipse and circle with the centre M, have received the name of apparent optic 

axes. 1 • r 

As may be seen from the 6gure, it depends upon the ratio of the mean velocity of 
transmission Mg’ to the greatest Mw and least Mo', whether the apparent optic axes 
form a smaller angle with the axis of greatest elasticity and least velocity of tmns- 
mission, or with that of least elasticity and greatest velocity of transmission. In the 
former case, the crystal approximates in its optical character to calcspar, and is there- 
fore called optically negative (e.g. arragonite); in the latter, to rock-crystal, and 
is therefore called optically positive (e.g. topaz). The line which bisects the 
acute angle of the optic axes is the median line ; that which bisects their obtuse 
angle, the supplemental line ; and the line j^erpendicular to both of these is the 
normal. The last is always the axis of me^ elasticity; the median line coincides 
with the axis of greatest elasticity in negat|Ve, and with that of least elasticity in 
positive crystals. >*'. 

To find the rays belonging to a given plane wave-surface, planes must be drawn 
parallel to this plane and tangential to the wave-surface, and the points of contact 
joined with the centre. This construction always yields two tangent-planes, and there- 
fore two rays. It is only when the wave-plane is perpendicular to one of the true optic 
axes, that the two tangent planes coincide in one, which, however, then touches the 
wave-surface in a circle. At the point P (fig. 685), the wave-surface forms funnel- 
shaped depressions or re-entering cones, the plane wave RS, which is perpendicular to 
the true optic axis MT, closing wie funnel and touching the curved wave-surface in a 
circle hanng the diameter CTT. To this wave-plane, therefore, correspond all rays 
proceeding from the centre M to the several points of the circumference of that circle. 
If, therefore, a ray of common light falls upon a plate of arragonite cut and polished 
at right angles to the median line, in such a direction that it would emerge in the 
dire^on of the true optic axis, it divides itself into a conical beam of rays, which, as 
they belong to the same wave-plane, proceed, after emerging, parallel to one another 
in a <^lindrical beam. This phenomenon, the so-cali^ cylindrical or inner 
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refraction, becomes perceptible only when the arragomte plate has a 
thidoiess of at least a centimetre. 

Every line drawn the centre to the surface of the wave, c.y, MT or MQ, cuts 
this surface in two Mints corresponding to the two rays which travel in this direction. 
The wave-planes belonging to these rays are found by drawing tangent-planwi to the 
points of intersection with the upper wave-surface. It is only the ray MP, which 
travels in the direction of the apparent optic axis, that cuts the wave-surface in a single 
point only : at this point, however, the wave-surface has an infinite number of tangent 
planes; and, consequently, since the velocity of the wave-plane within the crystal 
determines the strength of the refraction, the ray MP yields an infinite number of 
refracted rays diverging from one another in a cone. This remarkable phenomenon, 
called external conical refraction, maybe observed by covering the two parallel 
faces of a plate of arragonite cut perpendicular to the median line, with screens, each 
having a fine aperture so situated tliat the lino joining the two apertures coincides with 
an apparent optic axis of the crystal. If a converging pencil of rays from a near source 
of light be directed on one face of the arragonite plate, a conically diveigent pencil 
emerges from the other. 

The polarisation phenomena of the two rays proceeding in any given direction are 
easily determined. If planes be made to pass through the ray and the two apparent 
optic axes, the direction of vibration of the one ray bisects the acute, and that of the 
other ray the obtuse angle of the two planes. The directions of vibration (and there- 
fore also the pianos of polarisation) of the two rays are therefore always perpendicular 
to one another. 

If the three characteristic refractive indices, /tt, /ia", of a crystal are known, and 
fA." > fi > fji, then, as Fresnel has shown, the angle 23 of the true optic axes may 
be calculated by the formulae: 


sin *3 


For negative cryntals. 


For positive crystals. 

8in»3 = ^ . ^ 

ft* /U 


and the angle 2o of the apparent optic axes by the formulae : 




’ m"’'- m*' 


It will be seen that, in negative crystals, the apparent optic axes form a somewhat 
larger angle than the true optic axes, whereas in positive crystals the contrary is the 
case. 


Table of Biaxiai. Crystals. 


AI 

Sulphate of nickel (certain speci- 
mens) 

Nitrate of potassium . 

Carbonate of strontium 
Cjybonate of barium 
Talc .... 
Sulphocarbonate of lead 
Mot her of pearl , 

Hydrate of barium 
Airagonite . 
tyanide of potassium 
Cymophane 
Anhydrite . 

Borax . 


Apophyllite . 

Sulphate of magnesium 
Sulphate of barium 
Spermaceti (about) 

Borax (native) . 

Nitrate of zinc , 

Stilbite 

Sulphate of nickel 
Anhydrite (Biot) 

T^pidolite . 

Benzoate of ammonium . , 46 8 

^jphateofsodium and magnesium 46 49 
l^phate of ammonium . . 46 8 

. . . 49^ to 66 0 


Angle or axe«. Anglo of axes. 

Sugar ...... 60^ 0' 

Sulphate of strontium . . , 60 0 

Sulphohydrochlorate of magnesium 

and iron 61 16 

Sulphate of magnesium and ammo- 
nium 61 22 

Phosphate of sodium . . . 65 20 

Comntonite 66 6 

Sulphate of calcium . . . 60 0 

Nitrate of silver . . . . 62 16 

lolite . . , . . . 62 60 

Felspar 63 0 

Sulphate of potassium . . . 67 0 

Carlxmate of sodium . . . 70 1 

Acetate of load . . . . 70»26 

Citric acid 70 29 

Tartrate of Mtassium . . . 71 20 

Tartaric acid . . . . 79 0 

Tartrate of potassium and sodium 80 0 

Carlxinate of potassium . . 80 30 

Cyanite . . . . . 81 48 

Chlorate of potassium , . . 82 0 

Epidote 84 19 

Chloride of copper . . . 84 30 

Peridote 87 66 

Succinic acid (about) . . . 90 0 

Sulphate of iron (about) . . 90 0 

Mica . . . . . 0^ to 76 0 

t: u 2 


3 ® 0 ' 
6 20 
6 66 
6 66 
7 24 

10 35 

11 28 
13 18 
18 18 
19 24 

27 61 

28 7 
28 42 

36 8 

37 24 
37 42 

37 40 

38 48 

40 48 

41 42 

42 4 

44 41 
46 41 
46 8 
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It vnll be obeeryed that topaz, and more espemaMymiea, exhibit reiy different angles 
in dit epecimene. Stoarmont explains this anomaly by re^rding these bodies „ 
mixtures of t^ isomoiphous substances, in which the planes of the axes are perpen- 
dicular to each other, ffe has shown, in fact, that a crystal formed by a mmure of two 
substances has its axes more or less inclined to one another, or sitMted in planes whose 
position varies by 90° from one specimen to another, according to the pro^rtions of 
the mature. In the ease of mica, which, as SAnarmont has shown, crvstaUises in 
rieht prisms with rhombic base (trimetric), the plane of the axes is parallel, sometimes 
U) the longer, sometimes to the shorter diagonal of the base. (Daguin, Iraitid, 
Phy sique^ ix. iS9.) . - 

Bellection of Light from Dotihlcrefraoting Media.-The reflection of light from th, 
surfMe of double-refracting crystals follows, so far as regards the difference of phase 
of the two principal components polarised parallel and perpendiculM to the plane of 
incidence, the same laws as those which areobscra-ed in reflation frona isophanous media. 

On the other hand, the alterations in the azimuth of polarisation depend, not only on 
the anele of incidence, but likewise on the inclination of the reflecting surface, and the 
plane of incidence to the axes of the crystal. Even when a polarised ray falls perpen- 
dicularly on a double-refracting surface, the azimuth of polarisation does not remain 
unaltered. In particular cases, however, no alteration takes place: for example, in 
uniaxial crystals, when the reflecting surface is perpendicular to the optic wis, or when 
the plane of incidence coincides with the principal section. For each relaUve p^ition 
of the reflecting surface and the plane of incidence, there is always an angle of inei- 
dence at which the azimuth remains unaltered. It must also be observed, that when 
light is reflected within a double-refracting medium, each incident ray gives two 
reflected rays ; that in uniaxial crysttils, only one of the reflected rays remains con- 
stantly in the plane of incidence, whereas the other may deviate therefrom ; and that 
in biaxial crvstols, for the most part, neither of the two reflected rays remains in the 
plane of incidence. 

Colours of Polarised JAght. 

Double-refracting substances viewed in polarised light often exhibit ]>«ptant colours, 
the exact observation of which affords, in most cases, an easier method of determining 
the position of the axes of the crystal, than the mere separation of a ray of light into 
two^hich is distinctly perceptible only when the double refraction is strong, and the 
crystal has a considerable thickness. Hence, the observation of these coloured phe- 
nomena is of great service in the study of crystalline structure. 

Since the two rays into which an incident ray of common light is divided on entering 
a double-refracti^ medium travel through that medium with unequal veloci ^ 
(p. 661), they will, on emerging from the medium, exhibit a certain difference of plnu.^ 
As however; the vibrations of the two rays always take place in planes at nglit an^ie. 
to one another, they cannot interfere so as to produce any coloration or variation ot in- 
tensity. Hence, the two images seen through a double -refracting crystal in ordinary 

^'^Buttorcase^^s different when the crystalline plate is viewed in a polarising api»- 
ratiis say, between two tourmalines, or two Nichols prisms, one serving 
the otoOT Ls analyser (p. 655). The rays which fall on this plate are then polansed by 
the action of the first prism or tourmaline, that is to say, their vibrations are r^uc^ 
to o^e plane. If this plane is parallel to one of the directions of vibration in the 
double-refracting plate,^they pass through it without further decom^sition, so that 
only one ray— ordinary or extraordinay, as ;^e rase may be— passes through the pla • 
Slif if the d^irection ^1^^^ 


Fig, 687. 


two directions of vibrafion O, Ce, of the double-refractmg pla 
two components. Co, Ce, of equal intensity are obtained. SupF»® 
now that the difference of path of the two corresponding rays, alter 
passing through the plate, is equal to an even number of half wav^ 
hnigths; the vibrations will then proceed simultaneously from 
towards o and and if the direction of vibration, 'pq\ of tje ana- 
lyser is at right angles to that of the polanser, Ps, the vibrations 
Co Cc, will then yield two equal and opposite components, up. 
Co’ which will destrov one another. Consequently, if the mcidem 
light is monochromatic, the field of view, in this position of tne 
analyser, will be dark. If, on the other hand, the polanser an 
analyser are placed with their axes parallel, so thatpo coincides win* 
CP, the cora^nents of Co and Ce wilLboth lie in the direction Cr, 
and will strengthen one another, so that the field will be light. «« nneven 

If the differance of path of the oidinary and extraordinary raya is equal 
immber of half wave-lengths, the vibrations will proceed from C simHltaneoosly m 
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J* finna Co and O' ; coustsquontly, the phenomena just described will be exactly 
field being dark when the axes of the two tounnalines or Nichol’s prisma 
and light when they are crossed. ^ 

the incident Hght is white, it is only particular coloured ravs that destroy 
K nther completely, or strengthen one another’s effect in the greatest degree ; 
Vimntlv the field is never dark, but the double-refracting plate appears coloured, 
ct>n8equeu according to the thickness of the plate ; and for any particular 

"unUr’aud analyser. When a double-refracting pri.sni (p. (.50) is used as analyser, 
imaaes arc seen, the colours of which an> eoinplcmenlary to one another; and if 
thcv arHaree enough to inU'rsect, the overlapping portion is white, 

^ a thin wedge-shaped plate of a double-r.-fraetnig crystal - gypsum, for ex- 

„.nle_is nlaced between the crossed Niehols prisms or tourmalines, a series of 
Sired stripes is observed following exactly the onhr of colours ot Newtons rnigs 
(n 646) In the thinnest part, the wedge is coloiirleas, because there the difference of 
mtLf 0 and « is only a small fraction of the wave-lengths of all the eoloiirial rays. 
At a somewhat greater thickness, the violet and blue rays disappear first, and the 
colour passes through yellowish white and orange into red id tlie lirsl onler. Iteyoiid 
this Doi^the yellow and red rays disappear, and a blue stripe is produced and so on. 
Whe^the thicLiess is so great that the difference iii length of path “ »'«* '' amounts 
m a multiple of the wave-lengths of a great number of rays diffused tbroiigli the 
entire spectmm, the remaining rays together produce white light , heme plates of 
double-rrfractiiig substances, above a certain thickness, no longer ai.penr coloured in 
iKilarised light. ^If, however, the white light which has passed tlirough such a plate he 
decomposed^ by a prism, the resulting spectrum is seen to be traversed by a grea 

"* Wh*iui*'the 'tiurmalines or Niehol's prisma are plaeml with llieir axes parallel, tlio 

colours produced are complementary to those above deseribisl ; heme i is clear ill. t 

iiiipolariled light can never produce any colours in doubl.-retraetiiig plates. 

as it consists of vibrations in all possible azimutliK, so that the colour pisalmed I’y "».> 

particular set of vibrations is eLotly eonipensated by the 

another set at right angles to the first, the two together reprodiieiiig white hglit. 

A thin film of lypsum in which a circular cavity of very long 
in polarised right a scries of coloured niigs exactly siiiiilar 
The order of the colour of any crystalline plate in polarised 
by laying it over the above-described wedge, in such a maiiiitr that the o of I 
may coincide in its direction of vibration with the e. ol tlicwei l?*‘; ,.,,'mncnsate one 
the pUle and wedge give equal differences of path, their actions eompensate one 
another, so that a Uack stripe is seen with the tourmalines crossml. "'"P" 

if they are parallel. The order of the colour may then be read off on the w. dge. 

Wc^have^hitlierto supposed tlic plate to l)c plaeml at right “"S''’" ^ J 

gradually inclining it, the colours change— first, hceaiise the lays ■ • . ,i.,, L.,« 

^ugh a greater thickness of the plate; secondly because the ^ 1 k .wiw 

form With the axis or axes of the crystal also vanes, and this ^ 

affects the difference of path corresponding to a given tliickness of tin ci^ystai. 

coloured lUng..-A plate of a donble-refraoting crystal cut W' "'’’" ^ 

the axis does not exhibit the colours above described whim '''“''‘‘f 
Wause, in the direction of the axis, the two rays o and c l»*ve ^Xm a 

Other words, are reduced to one ray. But, when di verging ( ?i- . placed 

luminous point at a short distance, is made to pass tlirough the "« 1'!“ ' 

between two tourmalines, or when the analysing tournialiix is p . _ 

close to the eye that the visual rays converge strong } towan s ii }> ^ _ 

centre of the eye, brilliantly-eolouri d rings are proilueed, the form ot 
which differs according as the crystalline plate is uniaxia 

A simple apparatus for viewing these phenomena eonsis s o • ^ 
of tourmaline capable of rotating in their own planes in » 
sockets, rt, ^ 688), fixed to tlie end of « 7hlm 

lino plate, attached to a piece of cork, may be firmly he je * 

but still be capable of turning round in its own plane. 

A plate of Lniaxial crystal, such ns 
faces perpendicular to the optic axis, rxhibits. win-n Meutc a ^ 
crossed tourmalines, a series of circular eoloureil rings, i J j 

Uaek cross {Jig. 689). If, on the other hand, the tourmalin^ 
with their axes parallel, the eiN)ss is white, as in /</• > forma- 

mdonrs ure compWntary to the former. To under* a 1 „f the ha 

fion. It is merely necessary to remember that, in iffeience <rf 

(fy- 690 ), the raya o and c have equal velocities, but that their omewnc* w 
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path becomes greater and greater in proportion as they are more inclined to thn • 
because, in the first place, the difference of velocity of the two rays then become 

Fig. 689. Ftg. 690. 




cinually greater ; and, secondly, because the thickness of the plate which has to be 
traversed by the rjiys increases at the same time. The colours which, in the wedge 
above described (p. 667), are arranged parallel to the edge are, in this case, grouped in 
concentric circles round the axis, the order of the tints being again that of Newton’s 
rings. 

The vibrations parallel and perpendicular to the axis of the second tourmaline not 
being resolved into two components, there can be no interference along lines parsing 
through the centre of the field in those directions. Hence the appearance of the black 
cross when the tourmalines are crossed, and of the white one when their axes are 
parallel. 


The rings are closer together in proportion as the double refraction is stronger, and 
the thickness of the plate greater. 

The colours of the rings change, to a certain extent, according to the relative amount 
of double refraction for the different coloured rays. A very peculiar character, in this 
respect, is exhibited by apophyllite, which, as already obsen^ed, is positive for the blue, 
and negative for the red rays. 

A plate of a biaxial crystal, cut at right angles to the median line, and placed 
between two tourmalines, in such a manner that the plane of the optic axes is parallel 
to the axis of one of the tourmalines, exhibits, when the tourmalines are crossed, tlie 
system of rings delineated in Jig. 691. The mode of formation of the black cross is the saino 
as that above explained with regard to uniaxial crystals. But, as the difference of path 
of the rays o and e increases with their inclination to both the optic axes, the rings of 
colour embrace both these axes. The form of these rings is nearly that of the lernnis- i 

cate, a curve distinguish e<l by the property that the product of any two radii vectores, 
drawn from the two poles to any point of the curve, is a constant quantity. On turning 
the double-refracting plate round in its own plane, the whole system of rings turns 
round in the same direction, and the black cross separates into two branches, presenting 

Fig. 691. Fig. G92. Fig, 693. 



the appearance shown in jig. 692 ; and when the plane of the axes makes an angle 
of 46® with the axes of the" two tourmalines, the two black bands form branches of 
hyperbolic as in Jig. 693. The general direction of the branches of the black bands 
is always parallel or perpendicular to the plane of primitive polarisation. On con- 
tinuing the rotation of the plate from 46® to 90°, the same appearances are presented 
in the reverse order, and the whole series of changes is repeated in each of the four 
quadrante. 
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When the polariaer and analyser are placed with their axes parallel, the form of the 
cun'ea and of the cross are exactly the same as above, but the colours are complemen- 
Lrv and the cross is white. 

The preceding figures represent the appearance m crystals, such as nitre, which have 
their optic axes inclined at a small angle not exceeding 6° or ; when the axes are 
more inclined, only half the figure can be seen at once. 

Fig. 694 shows the appearance of the rings formed by a biaxial crystal out perpen- 
dicularly to one of its optic axes. 

The distribution of the colours in the neighbourhoo:! of the axes shows plainly 
whether the angle of inclination of the axes increases 094 , 

or diminishes from the violet to the red rays. The for- 
mer is the case in tartrate of potassium, the latter in 
nitrate of potassium. In crystals of the monoclinic, as 
also ot the di- and tri-clinic systems, even the direction 
of the axes of elasticity is different for the different 
coloured rays : thus in gypsum, diopside, and cupric 
formate, the position of the median line varies accord- , 

imr to the colour. In borax, adularia. tartaric acid, and acetate of sodium, the different 
colours have the same median line, but differently dinrted ordinates, so that the planes 
of their axes vary with the nffrangibility of the light. „ . . 

The optical phenomena exhibited by many biaxial crystals are alt(>rt‘d in a very 
remarkable manner by change of temperature. Glauberite for example, is uniaxial at 
ordinary teniperuturt^s for violet liglit, but biaxial for all other colours. At lower 
temperatures, W violet axis also splits into two, and the angles between the axes ot t bo 
olluT rays increase. When, on the .)ther hand, the-temp-'rature is raised, he violet, 
Lis becomes divided in a plane at right angles to the former ; the axial angles ot t .» 
other colours diminish, become nothing, and then likewise pass into the perpendi. ulur 
plane in which they are all situated together, even before the temperature rises as high 

f-m of the corves, and of the dark hands whieh 
cross them, afford' the best means of determining the position of the 
crystals. To find the position of the plane of the optic axes, the ' "J .* ' ! 

of a plate with paraUel faces, is placed between a isdariser and analyse 
planel of polarisLion crossed, so as to produce darkne.ss, and the plate '“"‘L,, Xi 
In its own plane till its presence does not restore the light. J wo I'*’'"' " V"' 

found, for which the traces of the primitive plane ot iKi arisation 
the crystalline plate. These two traces form a right angle, and one of hem 
in the plane of the axes. The plate is then t«rn,.d round in Us own ,?v 

the Iraws makes an angle of tf)" with the primitive plane of .I"'"'."' ‘ ’ j, 
iiielining it successively round these truces, a position is sought in which ^ 

he seen surrounding the axes. The plane of the axes is perpendicular to the lino 
round which the plane has heen turned to discover the nngs. 

Mramrement of the Angle helmrn the The most eonvenient appnriitus for tins 

purpose, and for all exact measunMuents 095 . 

of the coloured rings, is that of »Solei!, 
represented in fig. 696. 

A beam of liglit, polarised by reflec- 
tion from the mirror V, which may bo 
placed at any rt'quired inclination by 
nieans of the joint o, passes tlirougli a 
lens, 1 1, and is brought to a focus on 
the crystalline plate c, when? the rays 
cross ea<-h other and issue in diverging 
cones. They then pass through an eye- 
piece, rr, ir, forming at //, the focus 
of the lens f, an image of the curves 
produced by the plate c, and this image 
is liewed through the lens Tand the an- 
alyser a. At f f is placed a micrometer, 
represented separately at M. It has 
three wires, two parallel to one another, 
perpendicular to the third, and capable 

s; .rSe ...j w 

by « iocket capable of turning on a hor^ntal axw, rt* magnifier v. The «up- 

divided screw-Wd, «, and a vernier which i. read off by he i ^ 

port of the socket U ajro capable of turning on o. ao that the cryataUine piato may 
, ^ placed in any required position. 



670 


LIGHT, COLOURS OF POLARISED. 

To measure the angle between the axes, it is best to use homogeneous light. The 
crystalline plate c, cut nearly at right angles to the median line, is fixed in the socket 
in such a position that the plane of its axes may be vertical, and the socket is turned 
round in its own plane, so as to bring each of the poles successively to coincide with 
the intersection of the wires of the micrometer. The arc through which the screw is 
turned between the two positions gives the observed angle 2a' between the apparent 
optic axes (p. GC4). From this the real angle between these axes is calculated by tli© 
equation sin a — /x' sin a, in which fi is the middle of the three characteristic refractive 
indices for the coloured ray observed. 

yoleil’s apparatus serves also to measure the diameters of the rings; the micrometer 
being capable of tiuaiing round on itself, the diameters can easily be measured in any 
required direction. 

Double- nfracthKi structure ‘produced by Molecular Tension. — Glass, gelatin, and 
other amorphous bodies, also crystals belonging to the regular system, acquire the 
double-refracting st ructure, when pressed, stretched, or heated unequally in different 
parts, and exhibit, when examined by polarised light, coloured bands similar to thoso 
produced by double-refracting crystals. A rectangular plate of glass laid edge-ways 
on a very hot iron plate, exhibits, when examined in a polarising apparatus, a series of 
coloured bands parallel to its edges, these bands altering their arrangements as the 
heat is gradually conducted across the plate, and disappearing altogether when it 
becomes uniformly heated all over. A similar effect is produced by placing the gla.ss 
in the same manner on a plate of metal cooled by a freezing mixture, or by subjecting 
it to lateral compression. 

These effects are, however, most strikingly exhibited by unannealed glass — that is 
to say, glass which has been heated and quickly cooled. Glass thus treated has an 
irregular structure, the parts near the surface having been more quickly cooled than 
the interior parts, and torn away from them, as it were, by the sudden contraction in 
cooling. In consequence of this irregularity of structure, the glass produces double 
refraction on all rays which traverse it, but in different degrees in its different parl>^, 
whence there results a variable coloration when the glass is viewed by polarised light. 
The figures produced exhibit a symmetry depending on that of the contour of the 
plate. A circular plate of unannealed glass, the structure of which is symmetrical 
round the axis, acts like a uniaxial crystal, exhibiting concentric rings, intersected by 
a black or white cross, according to the relative positions of the polariser and analyse r. 
If the structure is not quite symmetrical round the axis, the rings and cross are dis- 
torted. A square plate exhibits a cross with coloured fringes in the angles. An 
elliptical plate exhibits a figure resembling those of biaxial crystals. 

Absorption of Light by Double-refracting Crystals, Dichroism. 

Certain coloured double-refracting cry.stals, when traversed by ordinary white; light, 
exhibit different colours according to the direction of the rays wdth regard to their axc.‘< ; 
thus dichroite or iolito (ii. 320) appears of a yellowish white colour inclining to brown, 
or of a fine azure blue, according as the rays traverse it parallel or perpendicular to tho 
axis ; in like manner, chloride of palladium and potassium exhibits either a dark-brown, 
or a fine green colour ; some varieties of sapphire are blue or yellowish green. Some 
green tourmalines appear dark brown-red when viewed along the axis. 

This effect is due to the property possessed by double-refracting media, of absorbing 
polarised rays in different proportions according |o the inclination of those rays with 
regard to their axes. The tourmaline absorbs completely all rays polarised in a piano 
parallel to its axis, and transmits them in gri^ter and greater proportion as this axis 
18 inclined to the plane of polarisation ; moredV^r it absorbs all the simple rays com- 
jKising white light in the same proportion, consequently the transmitted light remains 
always of the same colour, excepting in the cjise of the green tourmalines above men- 
tioned. But when the absorption-coefficients of the several simple rays vary in dif- 
ferent proportions with the change of direction of the rays in the crystal, the tint 
formed by the mixture of the unabsorbed rays likewise varies with their inclination 
to the axis. 

Some biaxial crystals exhibit trichroism ; thus certain Brazilian topazes of a yel- 
lowish rose tint in the direction of the median line, are violet when viewed along the 
complementary line, and yellowish w’hite perpendicular to the plane of the axes. 

Babinet has observed that, of the two rays into which an incident ray is divided on 
entering a uniaxial crystal, that which travels most slowly and is therefore most re- 
fracted, is also absorbed in the largest proportion ; in positive crystals therefore, such 
as tourmaline, it is the ordinary, and in negative crystals, like smoky quartz, it is the 
extraordinary ray which is most absorbed. This law, true in the greater number of 
OMes, nevertheless admits of numerous exceptions. Thus, Haidinger observed that 
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the order of absorption is different in the blue and yellow varieties of beryl, although 
both are negative. Beer observed tliat acid chromate of potassium, cyanite, and certain 
varieties of topaz also form exceptions to tlie rule ; and that idocnise and cupric acetate, 
which follow the law as regards the blue rays, deviate from it as regards the yellow, 
oninge, and red. 

Hagen has demonstrated the following laws regarding the absorption of light by 
double-refracting crystals. 

1. The general law of the decrease of intensity in g(‘ometric progression as the 
thicknesses increase in arithmetic progn‘ssion (p. (JIKJ), hohls good for doiible-rtdnict- 
ing, as well as for isojihanous media, so that the ratio o : e likewise varies accorling to 
the same lawr. 

2. The ratio o ; c is a continuous function of A, exhibiting, in all the crystals observed, 
a maximum and a minimum. 

3. The variations of o ; c are equal on <*ither side of the maximuni or the minimum ; 
so that if the maximum or minimum occurs at a pairticnlar wave-length A', the values 
of 0 ; c for A' + w and A' — w are equal. 

4. The absolute value and tlie position oftlie maximum and minimum depend tipon 
the diriHition of the plate with regard to the axes of the crystal. 

6. From the mode of variation of the function « ; c, it is probable that in crystals, 
which form exceptions to Babinet’s law, the exe«*ption applies only to certain rays of 
the spectrum. 

Circular Polariaat ion. 

It has already been pointed out (p. 668), that when two rays of light travelling along 
the same path are polarised in planes at riglit angles to each other, and ditfer in phase 
by a quarter of a wave-length, then if the amplitudes of vibration of the two are equal, 
the molecules of the resultant wave vibrah; in circles transversely to the direction of 
the ray. In this state the ray is said to bo circularly polarised, and the pheno- 
mena which it exhibits are the same as if the ray were polarisc'd in one plane, and that 
plains were made to rotate round the direction of the ray as an axis. 

Circular fKjIarisation is exhibited in a remarkable manm^r by quartz, in whieli 
it was first discovered. A plate of this substance (which is uniaxial) cut at right 
angles to the optic axis, exhibits when viewed between two tourmalines or Nichols 
prisms with their axes crossed, a system of coloured rings similar to those produced by 
ealespar (p. 668); but the centre of the field of view, instead of exhibit iug a black cross, 
is illnminatod with brilliant colours, red, yellow, green, blue. &c., aeeording to the 
thickness of the plate. On turning the analyser on its axis, the colours in the centre 
go through the regular prismatic series from red to vioh‘t, or the contrary, acconling 
to the direction of rotiition, but no altemtion of colour is produced by rotating the 
plate of quartz while the analyser remains stationary. 

To understand these phenomena, we must examine what takes place when homo- 
geneous light is used. Sup{)Ose, then, a plat<*of dark red glass eoloured wit h red oxide 
of copper to bo intcrf)osed between the two txnirmalines or Nichol’s prisms, en^s.siHl a* 
before, so that no light is transmitted by the analyser. If the plate of <|uartz be now 
interjsised, a red liglit immediately makes its apj)earanee, and to render tlie fiehl again 
•lark, it is necessary to turn the analyser through a certain angle, either to the right or 
to the left. Hence it follows that the ray which has traversed the quartz must have 
had its plane of vibration deflected through an angle equal to that through winch the 

analyser has been moved. .i i • i 

l^recisely similar eflects are productsl with yellow, gn'.en, violet, or any ottier kind 
of homogeneous light; but the angle of rotation varies according to tln3 nature ol tho 
ray, bring baist for rtd and greatest fur violet light. 
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Some crystals of quartz rotate the plane of polarisation of a ray to the right, others 
to the left; the former are called right-handed, the latter left-handed quartz. But in 
whichever direction the rotation takes place, a plate of quartz of given thickness always 
produces the same amount of angular deviation for a ray of given refrangibility ; and 
for plates of different thickness the deviation for any particular ray increases in direct 
proportion to the thickness. The preceding table gives the angles of deviation for tho 
principal rays of the spectrum produced by plates of quartz of the thickness of 1 milli- 
metre and 375 millimetres. 

Biot found by observation that the angles of rotation for the different simple colon i-s 
are nearly proportional to the squares of the indices of refraction, or inversely as the 
squares of the wave-lengths. This law is approximately true also for most substanccii 
which exhibit circular polarisation, while some, on the other hand, exhibit rciiiarkablc 
deviations from it : thus an aqueous solution of tartaric acid deflects the green rays 
more than the violet ; and an alcoholic solution of cjimphor, though it deflects the seve- 
ral coloured rays in the order of their refrangibility, produces a much greater diftereiice 
of deviation between the less and the more refrangible rays than that which is indicated 
by Biot’s law. 

We can now explain tho succession of colours produced when ordinary daylight is 
used. Suppose a beam of white light, polarised by a Nichol’s prism, whose principal 
action is parallel to A A' (fy. 696), to pass through a plate of riglit-handed quart/. 

jf,. pQg 376 mm. thick. The vibrations of the several coloured 

’ rays composing the beam of polarised light are all ut, 

A flrst parallel to A A'; but by passing through the 

quartz, their planes of vibration are deflected through 
the several angles given in the above table, the red 
vibrating in the line r /, the yellow in y .V . 
the violet in v v\ &c. Now, let the ray be viewed 
\ through another Nichol’s prism, placed with its priu- 

\. \ \a eipal section also parallel to A A ; then on resolving 

J of these vibrations into two others, one parallel 

• It/ und the other perpendicular to A A', it will be sc('u 

that the red and violet mys will be transmi(tx3d with 
diminished intensity, the orange and blue 
^ y \\ with less, the yellow still less, and the green not at 

\ \ y/ all. The result will, therefore, be a purple tint. Now 
let the eye-piece be turned from left to right. As the 

principal section passes succe.'jsively over the lines rr\ 

o o\ &c., the red, orange, yellow, &c., will, in succes- 
, sion, be more fully transmitted than the other rays, so 

^ that a series of tints will be produced, agreeing nearly 

with the colours of the spectrum and following in the same order, from red througli 
yellow to violet. If the analyser be turned the contrary way, the order of the tints 
will be reversed. If the quartz were left-handed, the phenomena would be precisely 
similar, excepting that the colours would change from red through yellow to viob t 
when tlie analyser was turned from right to left. 

Similar changes of colour are produced with a plate of quartz of any other 
thickness ; but the tint produced at any given inclination of the polariser and eye-pieco 
is, of course, different. 

The tint produced with a quartz-plate 375 mnf. thick, when the principal sections 
of the polariser and analyser are parallel to one another, deserves particular notice. 
As already observed, it is a purple, and, mol^yer, it changes very quickly to red 
or to violet, when tho analyser is turned one way or the other, the change of c<dour 
thus produced being, in fact, very much more rapid and decided than in any other 
part of the circuit. This peculiar tint is accordingly distinguished by the term 
sensitive tint, or transition tint {coideur sensible^ teivtc de passage). On account 
of the facility and certainty with which it may be recopised, it is frequently adopted 
as the standard tint in measuring the angles of rotation produced by different sul>- 
stances ; it is, in fact, much easier to determine when this particular colour makes iW 
appearance, than to seize the exact moment when a ray of red, yellow, or other 
homogeneous light completely disappears. 

The rotatory power of qiuirtz is essentially related to its crystalline form, as will be 
more fully explained hereafter. It is not exhibited by opal, or any other amorphous 
variety or silica, or by silica dissolved in potash, or fused by the oxyhydrogen blowpipe. 
The same is tnie with regard to a few metallic salts possess!^ the rotatory power, 
viz. chlorate of sodium, bromate of sodium, and sodio-uranic acetate, these salts 
exhibiting that power only when crystallised, not in solution. 

Circular polarisation t» organic bodies . — The power of rotating the plane of vibra- 
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tion of a. polarised ray is much more widely diffused among organic than among 
inorganic bodies ; moreover, organic substances jmssess it in the liquid, as well os in 
the crystalline state. Among organic compounds which rotate tlio plane of polarisation 
to the right, may be mentioned: Cane-sugar, glucose, diabetic sugar, milk-sugar, 
dextrin, camphor, asparagin, cinchonine, quinidine, narcotiiie, tartaric acid, camphoric 
acid, aspartic acid, oil of lemons, castor-oil. croton-oil. The following rotate to the 
left: Sugar of fruits, starch, albumin, ainygdalin, quinine, nicotine, strychnine, brucine, 
morphine, codeine, malic acid, antitartaric acid, oil of turpentine, oil of valerian. 

By passing a polarised ray tlirongh tubes of ditferiuit longtlis, filled with the same 
solution of cane-sugar, or otiier rotatory substance, it is found that the angle of devia- 
tion is proportional to the length of the column of liquid; and, by filling the same tube 
with solutions containing different quantitit s of sugar, &c., it is found that the angle of 
delation is proportional to tlio quantity of the sulistance contained in a column of 
given length. Generally, then, the angle of deviaition is proportioimfe to the number 
of active particles whicli the light lias to jiass. 

If, then, « be the quantity of active substance contained in a unit of weight of the 
solution, I the length of the column, and a the observt il angle of rotaition for a par- 
ticular tint — the tninsition-tint, for exainpb>, — tlio angle of rotation for the unit of 
length, supposing the entire column to bo lilh'd with the optically active substance, 

w'ill be . But as the solution of a substance is often attendt‘d with condensation 

tl 

of volume, it is best, in order to obtain a ineasun* of tlie rotatory |Mnver, indep<Mident 
of such irregularities, to refer tlie observed angle of deviation to a hypothetical unit 

of density, that is to say, to divide the quantity -y by the density, 8, of the solution. 

The fraction thus obtained, viz. [a] *= is called the specific rotatory power, 

€(0 

and expresses the angle of rotation which the pure substance, in a column of the unit 
of length and density = 1, would impart to the ray corresponding to (lie transition-tinf. 
For example, a solution containing 16/> milligramines of cane-sugar in a gramme of 
liquid, has a specific gravity =» l-OO, nn<ldefle<*ts the transition-tint by 24^^, in a column 
20 centimetres long; its specific rotatory power is therefore 

24 

W = 0155 . 20 . l Od ” ' ‘ 

The apparatus used for measuring the rotatory power of liquids consists of a glass 
tulx‘, surrounded with a case of wood or brass, and elos<*d at both (uiils with ]>Iafe-gla.'‘!! 
discs ground to fit water-tight, and [iressed against the tube by means of screw-caps. 
The tube, being completely filled whtli the liquid, is pia<’e<l on the supports, between 
two Nichol’s prisms, one of which serves as jKdariser, tin* otlier as analyser. Tlie 
latter carries a vernier moving round a graduated circle. The simplest way of using 
this apparatus is to interpose between the tube and the polariser a glass coloured with 
re<i oxide of copper, the tint of which corresponds with the red of the fixed lino (' of 
the spectrum, and, having set the analyser with its principal section at right angles to 
that of the polariser (which makes the field of view dark so long as tin' tube is not 
interposed), adjust the tube in its place, and turn th(M*ye-piece round till the red light 
completely disappears. The angle through which the eyo-pieco is turned measureH tho 
deviation produced by the liquid. 

The direct mca.surcraent of th(‘ rotation of the nnl ray is not, however, always the biwt 
mode of observation, because, as already observed (p. ^ 72 ), it is difficult to tell with pre- 
cision when the light completely disappears. For t his purjxise, there is intrcsluced beliind 
the polarising prism, instead of the red glass, a plate of <juartz 3'75 millimetres ithiek, 
which, when the polariser and analyser are set with their principal sections parallel, 
exhibits the transition-tint. The interjiOHitioii of the circularly |)olarising liquid causes 
this tint to change, and the rotation is ineusurcsl by the number of degrees tiirougli 
which tho prism must be turned to show the transition-tiiit. 

Greatc^r exactness is obtained by using a double plate of quartz 3'75 millimetres 
thick, one-half being composed of riglit-handed, the other of left-handed quarfz. hucli 
a plate exhibits the transition-tint with perfect uniformity on both halves, when the 
polariser and analyser are set with their principal sections parallel ; hut on turning tho 
analyser to the right, one-half of the plate inclines to red, and the other to blue. The 
same change will, of course, take place on intr<xluciiig the tube containing the circularly 
polarising liquid * and to restore the uniformity of tint, the analyser must be turned a 
wrtain number of degrees the contrary way. If the liquid has but a slight rotatoiy 
P^wer, this method is quite satisfactory ; but if the rotatory power is consideralilc, an 
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error mey arise from the different angles of rotation imparted to the different-cohared 

"*^o obviate t/iis source of iiiaccuracj, a contrivance called tbe compensator has 
been invented by SoJeil, which, together with the ocher parts of bis apparatus— called 
a saccliarimeter, being espociully adapted to the estimation of the strength of 
saccharine solutions — is represented in 697. The tube T, containing the saccharine 

solution, or other liquid to be 
' examined, is placed between 
two perforated diaphragms, 
one of which, D, is fixed, while 
the other, D', can be remov<4 
at pleasure to a greater dis- 
tance from D, towards wliich 
it is again pressed by a spruig, 
shown in section at p: tliis 
arrangement keeps the tube in 
position, and hicilitates its 
adjustment. The incident 
light is polarised by tlm 
achromatised calc-spar prism 
one image of which is in- 
tercepted by a screen. At /> 
is a double plate of quartz, 3 7') 
millimetres thick, a front vie w 
of which is shown at f/d— one- 
lialf, d, being dextro-, and the 
other half, lajvo-rotatory. 
Tlie light having traversed this 
double quartz-plate and tlnm 
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are exact only when applied to liquids which disperse polarised li^ht according 
r^the same law. Now Biot has shown that this is the case with sacchanne solutions, 
In which, indeed, Soleil’s apparatus is especially adapted; but with other liquids, such 
M aoueous tartaric acid, whose rotatory power for the different coloured rays 
follow Biot’s law (p. 672), the observation of the transition-tint does not give 
e^l results. With such liquids it is best to resort to the simpler mode of observation 
previously described (p. 673), using homogeneous light. 

Relation between Optical Rotatory power and Crystalline form.— QwtyxXta polimsa* 
♦i.m aoDoars to depend on a certain want of symmetry in the molecules of the medium 
ihroinrh which the rays pass : in fact, all crystals which exhibit circular polarmtion 
irhTmihedral or tetartohedml. This is remarkably the case with quarU, which is 
ft combination of the opposite rhombohtHlrons + R and - R with the hexagonal 
rism 00 K, some varieties of it exhibiting Inanihedral and tetartohedral eom- 
bimitions (Cbystatxoouaphy, ii. 143, fig , 268). Moreover the six faces y (6Ps), 
which are unequally inclined to those 


Fig. 698. 


Fig. 699. 



of th(^ prism, are not always placed 
nlike, occurring in some crystals on 
the right of a prismatic face above, and 
on the left below, and the contrary in 
others, as shown in figs. 698, 699. 

The two forms of crystal thus produced, 
tliough their faces are alike in number 
and in form, are not superposible, but 
one may be regarded as the reflected 
image of the other. The crystjils of 
the ono kind exhibit dextro-rotatory, 
those of the other laevo- rotatory 
p^)wer. The same kind of opposite 
tetartohedry, accompanied by a cor- 
responding opposition of optical ro- 
tatory power, is found also in other 
iKxlies which exhibit circular polarisa- 

" Tartaric acid and its salts turn tho plana of ^arisation '".f « 
acid, which is identical in chemical composition vnth tartaric oitW in 

ill nearly all its chemical relations, has no action whatever on ai d Ind 

the free state, or when coml.ined with bases. Now, he Xtei with one 

the tartrates are hemihedral; those of racemic acid and 

exception, are holohedral. Tho exception alluded to is o in eauiva- 

umraonium. A solution of racemate of sodium and raccmni e o . which ia 

li*nt proportions, yields by evaporation, crystals of a double salt, the form of which 

represented in figs. 700, 701. tic rr 

It is a right rectangular prism, P, M, T, 
having its lateral edges replaced by the faces 
/>', and the intersection of these latter faces, with 
the face T, replaced by a face h. If the crystal 
were holohedral, there would be eight of these 
faces, four above, and four below ; but, as the 
figures show, there are but four of them, placed 
alternately : moreover, these hemihedral faces 
occupy in different crystals, not similar, but. 
opposite positions ; so that, as in the case ot 
quartz, the one kind of crystal is, as it were, the 
reflectod image of the other. 

But further; by carefully picking out the 
two kinds of crystals, and dissolving them 
Mparatcly in water, solutions arc obtained wjiiiA, at the same j 

exert eqial and opposite actions uisin polansed liKbt, 

polarisation to the right, the other, by an equal amount, to „'™Btals each of 

Solutions of the right and left-handed crystals yield hv 

its own kind onl/: and by mixing the solutions of tliese X itiTTieW 

calcium, calcinm-salts are obtained, winch, when 

acids, agreeing with each other in comp^iUon, and in «'hcr resort, exrap a 
their c^stalliL forms exhibit opposite hemihedral mwliflcations, and 
when reduced to the same degree of concentration, exhibit cq tippos 

on polarised light. 


F/g. 700. 


Fig. 701. 
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Of the two acids thus obtained, the one which turns the plane of polarisation to the 
right is identical in every respect with ordinary tartaric acid; the other is called anti- 
tar t a ri c a c i d. The two acids are also distinguished asdextro - and laevo-racemic, 
d ex t r o- and laevo-tartaricacid. When equal weigli ts of these two acids are dissolved 
in water, and the solutions mixed, a liquid is obtained, which has no action whatever 
on polarised light, and yields by evaporation, holohedral crystals of racemic acid. A 
similar result is obtained by mixing equal quantities of any of the salts of the two 
acids, excepting the double salt of sodium and ammonium. 

Hence it appears that racemic acid, a body which has no action upon polarised light, 
and crystallises in holohedral forms, is a compound of two acids (tartaric and antitar- 
taric), which have equal and opposite effects on polarised light, and crystallise in 
similar but opposite hemihedral forms. These acids differ also in their pyro-electric 
relations. The crystals of both become electric when heated, but the corresponding 
extremities of the two exhibit opposite electrical states. Racemic acid is not pyro- 
electric. 

Tartaric acid may be converted into racemic acid by the action of heat, provided 
only it be associated with some substance which will enable it to bear a somewhat high 
temperature without decomposing. There are many substances whose effect on 
polarised light is altered by heat. This is remarkably the case with the alkaloids of 
cinchona bark. When cin chonine, or any of its salts (which rotate to the right), 
is heated in such a manner as not to produce decomposition, it is transformed into an 
isomeric alkaloid, c in c h on i cine, which turns the plane of polarisation to the left. 
Similarly, quinine, which rotates the plane of polarisation to the left, is converted ])y 
heat into qu ini cine, which tunis it to the right. Now, when tartrate of cinchonine 
is heated, it is first converted into tartrate of cinchonicine, and if the heat be then con- 
tinued, the change extends to the tartaric acid, half of which is converted into anti- 
tartaric acid. If the process be stopped at a certain point, and the fused mass treated 
with water, a solution is obtained which yields, first, crystals of antitartrate, and after- 
wards, of tartrate of cinchonicine. But if the heat be longer continued, the two acids 
unite, and form racemate of cinchonicine, from which racemic acid may be prepared, 
identical in every respect with ordinary racemic acid, and separable by the same means 
into tlie two opposite tartaric acids. 

But, what is very remarkable, there is formed at the same time a modification of 
tartaric acid, which has no action whatever on polarised light, and yet is not separabh' 
into the two opposite acids. In fact, when the fused mass obtained by heating tartrati* 
of cinchonine is treated with water, and chloride of calcium added, a precipitate is 
formed, consisting of racemate of calcium, and the filtrate, if left at rest, deposits crj’stals 
of the calcium-salt of inactive tartaric acid. 

There are other organic compounds, which are also optically active in their ordinary 
forms, but exhibit inactive and inseparable modifications. Malic acid, as it exists 
in fruits, turns the plane of polarisation to the right; so likewise does aspartic acid, 
obtained by the action of acids and alkalis on asparagin. Now, both these acids may 
be formed from fumaricacid, an optically inactive substance. Acid fumarate of ammo- 
nium is C^H*(NII^)0^ =» C^H^NO\ which is also the formula of aspartic acid, and this 
acid is acttwlly formed by heating the acid fumarate of ammonium. But the aspartic 
acid thus produced is, like fumaric acid, optically inactive. Again, aspartic acid is 
converted into malic acid by the action of nitrous acid : 

C^H’NO‘ UNO* = C«H«0» N* + H=0. 

Both active and inactive aspartic acids undergo this transformation; but active 
aspartic acid jdelds active malic acid, and ina^ve aspartic acid yields inactive malic 
acid. Neither inactive aspartic nor inactive mafic acid can be separated into two acids 
oppositely active. 

Common oil of turpentine possesses considerable dextro-rotatory power; but 
the isomeric substance obtained by heating the artificial solid camphor of turpentine 
with quicklime is optically inactive. 

Fusel oil has been shown by Pasteur to be a mixture of two kinds of amylic 
alcohol, which differ slightly in boiling point. One of these acids is optically active, 
the other inactive. 

Circular Polarisation induced hy Magnetic action. — Faraday, in 1845, made the im- 
portant discovery, that bodies which, in their ordinary state, exert no particular 
action on polarised light, acquire the power of circular polarisation, when subjected to 
the influence of powerful electric or magnetic forces. A polarised ray passing along 
the axis of a prism or cylinder of a transparent substance, such as water or glass, has 
its plane of polarisation deflected to the right or left, as soon as the medium is sub- 
jected to the action of an electric current passing round it at right angles to the ray, 
or to that of two opposite magnetic poles (permanent or electro-magnetic), so placw 
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that their line of junction coincides with the direction of the ray. The rotation ceases 
as soon as the electric or magnetic force ceases to act ; its amount varies directly as 
the strength of the current^ and its direction changes with ^at of the current or of the 
magnetic force. If the medium has a rotatory power of its own, the total effect is 
♦Hiual to the sum or difference of the natund and induced rotations, according us the 
(dectric or magnetic force acts with or against the natural rotatory power of the 
medium. (Faraday, Phil. Trans. 1846, p. 1.) 

These remarkable phenomena, which led to the discovery of the universality of 
magnetic action, have since been followed out in greater detail by Pouillet, E. Bec- 
ouerel Wiedemann, Matthiessen, Verdet, and others. 

^ Verdet (Ann. Ch. Phys. [3] xli. 370 ; xliii. 37) has confirmed Faraday’s result rtdat- 
ing to the proportionality of the rotation to the magnetic force ; and has also shown 
that when the magnetic force acts obliquely to the ray, the rotation of th' plane of 
iM)hrimtion is proportional to the cosine of the angle, contained bctwein the direction of 
the ray and that of the magnetic action; in other words, the rotation is proportional to 
the. component of the magnetic force which is paralhl to the ray. In accordance with 
this law', the action is greatest when the direction of the magnetic forego coincides with 
that of the ray, and is reduced to nothing when it acts at right angles to the ray. 

Direction of the rotation. — Faraday found that the direction of the indncfnl rotation 
iH the same as that of the acting electric currt'iit, or of an electric curr('nt w'hich w'ould 
induce the acting magnetic polarity. This law is true with regard to all diamagnetic 
substances; but Verdet has shown that in certain magnetic bodies the direction of the 
induced rotiition is opposite to that of the current. This inverse or mgative. rotation 
is exhibited by the salts of iron, titanium, cerium, and lanthanum ; whereas those of 
nickel, cobalt, and molybdenum exhibit positive rotation, that is, in the same direction 
as the’ current; while of manganese salts, some exhibit positive, others negative roUy 
tien. When a salt, such as ferric chloride, which exhibits negative rotatory power, is 
dissolved in water, which is positive, the negative rotation actually produced increases 
with the strength of the solution ; the same salt dissolved in alcohol, ether, or w'ood- 
spirit, which produce much less positive solution than water, exhibits a still greater 
negative rotation. 

Magnetic rot'^tory powers of different substances. — All the liquids and transparent 
non-crystalline solids on which Faniday experimented, exhibited more or less magnetic 
rotatory power. According to Matthiessen (Pogg. Ann. Ixxiii. 65, 71 ; Compt. 
rend. xxiv. 969 ; xxv. 200), this power is not exhibited by fused phosphoric acid, flint, 
agate, or fluoride of calcium. Crystallised bodies in general do not exhibit it ; rock- 
salt, however, is susceptible of it in a very high degree. Mercuric chloride, carbonate of 
lead, and chromate of lead are quite unsusceptible of magnetic rotatory power, when 
crystallised, but exhibit it strongly in the amorf)hou8 state. 

Faraday’s heavy glass (boro-silicate of lead) was formerly regarded as the substance 
most highly susceptible of magnetic rotatory pow'cr ; but Matthiessen has shown that 
sev^TJil other kinds of glass exhibit it in a still higher degree. The greatest rotato^ 
|H)wor is exhibited by the silicates, and perhaps by the chlorides. Among bases, oxide 
of lead is the one which, when introduced into glass, produces the greatest increase of 
magnetic rotatory power; then follow the oxides of bismuth, antimony, zinc, mercury, 
silver. Magnesia, strontia, and baryta do not appear to exert any influence ; lime, 
potash, and soda diminish the effect. , 

Bertin (Ann. Ch. Phys. [3] xxiii. 6) has obtairted the following values of the mag- 
netic rotatory powers of several substances, os compared with that of Faraday s heavy 
glass: 


Heavy glass . . . .100 

Ouinand’s flint-glass . . .87 

Matthiessen’s flint-glass . . 89 

Common flint-glass . .53 

•Stannic chloride . . . .77 

Sulphide of carbon . . .74 


Tricliloride of phosphorus . .61 

Solution of chloride of zinc . . 66 

Solution of chloride of calcium . ,45 

26 

Alcohol at 36° . . . .18 

Ether 15 


h« dispersion of the different coloured raye by miignelic rotnUon in flint-gl^ 
r t i n) end in oil of turpentine (Wiedemann), follows the same laws as in circular 

Jts to the dire^ action of the magnet on the ravs of light ; but 
rinced him that the rotation of the plane of polarisation is due ^ 
lification in the molecular structure of the 
on of the current or magnet. In accordance with this viewed ^ 

16 which interferes with molecular displacement, likewise impedes the development 
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of the rotatory power by magnetic action : hence it is that this^ power is bnt rareij 
developed in crystals. The development of this power is likewise hindered by pres- 
sure, but favoured by heat, which increases the spaces between the molecules, and 
thereby facilitates their displacement by magnetic action. H. W. 

&IOBT, CBSMXCA^L ACTIOW OF. A large number of substances suffer 
chemical change on exposure either to sunlight or to certain artificial sources of light; 
the action thus effected is said to be chemical action induced by light. The undulatory 
or mechanical theory of light and heat easily explains this peculiar action of light, 
inasmuch as this theory supposes, in accordance with the principle of the conservation 
of energy, that the rapid vibrations of the luminiferous ether, giving rise to what wo 
term light, are transferred to the smallest particles of the material substance, thus 
producing the chemical change. Amongst the most striking effects of tlie chemical 
changes effected by the action of light may in the first place be mentioned the actitm 
by light upon the salts of silver, giving rise to all the marvellous results of photograpliy ; 
and secondly, the conversion of the carbonic acid gas contained in the air into its con- 
stituent elements, by plants in sunlight, a chemical decomposition upon which the 
whole living world depends. 

The peculiar blackening which exposure to light effects upon chloride of silver wa.i 
observed as early as the middle of the sixteenth century, but the explanation of tlie 
phenomenon was first given by Scheele in the year 1777 (Von der I At ft und dt^m 
Feuer, Leipsic, 1784, p. 64). lie clearly proved that when chloride of silver is exposid 
to light a black substance, insoluble in ammonia, but soluble in acids, is formed, wliilst 
at the same time hydrochloric acid is set free ; and hence Scheele concluded “ that tlic 
blackness which the luna cornua acquires from the sun’s light is silver by reduction.” 
Scheele likewise proved that the variously eoloured solar rays do not affect silver-salts 
ill the same degree, and that the chloride of silver is blackened sooner in the vioh t 
than in any other of the rays. The theory of the decomposition of silver-salts by 
light has made but slight progress since these first experiments of Scheele, in spite of 
the enormous development which practical photography has attained ; and even at tlio 
present day, as regards the chemistry of the photographic processes, we are unable to 
advance far beyond Scheele’s three fundamental discoveries, (1) the production of a 
black powder insoluble in nitric acid, (2) the formation of free hydrochloric acid, 
(3) the specific activity of the violet rays. 

The first definite experiments made on the chemical action of light upon vegetation 
were those of Priestley. This acute reasoner and active experimenter showed (B^xperi- 
ments and Observations on Different Kinds of Air^ Birmingham, 1790, p. 293), that it 
is only in presence of light that plants are able to decompose the carbonic acid of t he 
air, assimilating the carbon, and liberating the oxygen, and thus purifying a closed at- 
mosphere rendered impure by the respiration of animals or by the burning of a candle. 
These results were soon afterwards confirmed and enlarged by the labours of many 
chemists and botanista, amongst others by Ingenhousz, Decandolle, Saussure, hikI 
Ritter, and thus by degrees the grand relations of the atmospheric equilibrium of 
animal and vegetable life became apparent. It is, however, only within the last few 
years that the immediate dependence of all terrestrial life upon the solar radiations has 
been universally admitted. We now know that the animal, through the vegetable, 
derives its power from the sun ; that it is the rapidly vibrating solar rays which are 
absorbed by plants and stored up in. them, to be given out again in the various forms of 
energy, either animal or mechanical, ujwn the destruction of the vegeta]>le organism 
by oxidation. Only the most rapidly vibrating -of the solar rays are able, as a ruh% 
to effect chemical change, and hence these vipletor most refrangible rays have received 
the special name of the “chemical mys; ’’t. there is, however, no difference in kind 
between these and the other solar radiations,ffiBy all differ only in wave-lengths and m 
Intensity of vibration. 

Measurement of the Chemical actiom of Jtight. 

The measurement of the chemical action of light and the investigation of the laws 
which regulate these important actions are subjects which have naturally attracted 
considerable attention. The first person who succeeded in measuring, although but 
roughly, the chemical action of light was Dr. Draper of New York. He employed for 
this purpose a reaction originally observed by Gay-Lussac and Th^nard, that chlonne 
and hydrogen when mixed in equal volumes, do not combine in the dark, but when 
exposed to dififtised light, gradually unite, and even combine so ranidly as to produce 
an explosion when placed in direct sunlight. Draper constructea an instrument by 
which the quantity of hydrochloric acid formed by the action of light during a 
time could l^e approximately determined, and although the method which he employert 
was very incomplete, his experiments led him to the first great law of photo-chemicaJ 
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Ti«. tut tU eiemical action of tight varieo in direct proportion to t»$ Ai- 
!rX V the Intit, and to the time of the exposure. The subject of the mess^OTt 
^hechemicJ action of light has been placed upon an exact «H!ientifio basis by 
fL ««earches of Bunsen and Boscoe. For the detailed desonption of the methwls 
and for many of the results which these chemists obtained, we must refer to 
rfCginri menioim (Phil. Trans. 1857, pp. 366 381, 001; 1869, p. 879; 1862. 

L we can here only give a short sunuuary of tlie principles upon which their 
Wes of measuring the chemical action of light are founded, and a statement of some of 
♦lio more important results to which they have been led. ^ r ^ 

^\escripti<m of the Chlorine and Hydrogen Chmical Photometer of Bunsen and 
7i*osco^.--Thi8 instrument is founded on the same principle as the photometer of 
that of the combination of a mixture of chlorine and hydrogen when exposed to light, 
but -differs from Draper’s instniment in Iwung capable of giving accurate and 
trustworthy measurements, inasmucli as certain nei-cssary conditions for giving 
IxOtness to the indications aro fulfilled. These consist mainly in the 
mity of the gaseous mixture, constancy of pressim^ on the gas and liquids througho^ 
the m'paratiis, and elimination of the disturbing action of radiant heat. This most 
delicate chemical photometer is n^presentod in fy. 702. It consists esswitially oi three 

Fig. 702. 





parts ; namely, first the apparatus in which the sensitive gas is 

electrolysis of hydrochloric acid ; secondly, the apparatus m w iic i le gaa _ I , 

to light" and thirdly, the apparatus in which the volume of hydrochloric “cid Pr^«^d 

in a given time is read off. Tlie mixed gas, consisting of hydrogen an e i 

volumes, is evolved from hydixichloric acid in the glass vessel a con U 

poles, by means of the four cells of the Bunsen battery C. By be n o e KX ^ * 

the current of electricity can bo greatly weakened at pleasure, and » e a 

in the vessel a reduced to a small amount. The mixed gHses pass roin ^ v 

through the water contained in the washing-bulbs t/>, and thence iroug o-ttafg 

tulx5 provided with a glass stopcock s, into the insolation vessel «, in ^ ^ nwiteet 

aro eiposcKl to the action of light The lower half of this vessel is 

it fnjm the action of the light. Fmm the insolation ves.sel, the gas P *^ , the^water 

horizontal measuring tube /c provided with a millimetre sea e, itn ^ , ni,goj.b 

in the vessel /, and finally inti a cylinder filled w th slaked 1 u^ 

tlie chlorine. When the giw is allowed to pass through the ‘^>1^^ 

u, w, i and I gradually become saturated with the gas , but as i . , 

the composition of the gas varies, and it is only after the Rafiirati*d and the 

through for three or four days tliat the li<iuids become Durint? the pro- 

mixture consista of exactly CKiual volumes of hydrogen and ;* c^,^,<i„uSly 

cess of saturation, the phot.;chemicHl sensit.yeiie^ of 

tintil, when the absorptiometric equilibrium is atbuned, he 

maximum degree and the apparatus is ready for use. I re ms ^ obser^a- 

f>r wei'ks, and only requires a short saturation each day previou j j. ^ ^ 

tion. The obeervatiZ are made by clomng the «top-«>ck ., 

art on the gas in the upper part of the veewl i. Combination then ^cure, awoi^^ 
by a diminution of vofnmc, owing to the abeorpt.on by the water of t^ho _hydrochlOTO 
"Old formed, eo that the atmoephorie preesuro forces the watnr ? 

towards f. The rate of movement of the column of 1" ™,^re on the SM 

nution of volume, and therefore the chemical action eflTwteA The p^mu g* 

in the jar in thi insolation-vcscd and measnnng-tube during tlie ob^n atioM^ m 

neceeearily uniform, from the construction of the '‘Pj’"™*'! ; ' . theinterv^ 

that luiiformit y of pressure be insured in all other parta of he pj 
VoL. lit XX 
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l^tween the observations ; otherwise the composition of the gas^us mixture will be 
altered, and the results will be no longer exact This unifdrmity of pressure is in- 
sured, by making the gas pass, after, the stop-cock s is closed, through the bent tube 
m V, containing water, and thence through the tube A, which dips under the water in 
the vessel E, the pressure being regulated by raising or depressing the tube through 
the caoutchouc mouthpiece t When the stop-cock is open the gas will pass either 
through the insolation vessel or through the pressure-regulator F, according to the 
depth to which the tube A is immersed in the water. 

To prevent any disturbance from the effects of radiant heat (for the instrument acts 
as a delicate air-thermometor) the b’ght from a coal-gas flame, or other source, having 
been condensed by the convex lens M, is made to pass through the cylinder N, closed 
with plate-glass ends, and filled with water. A screen is also placed in front of tho 
insolation vessel to prevent radiation of heat from the body of the observer ; and this, 
together with the screen L, serves to prevent radiation from external objects. ItVas 
found by experiment that the heat evolved by the combination of the mixed gases did 
not exert any sensible influence upon the results. The whole of the apparatus between 
a and I is connected by ground-glass joints, or by fusion, no caoutchouc or other 
organic substance, which could be acted upon by chlorine, being introduced, except 
whore the waste gas is carried off. The instrument, when thus arranged, is extremely 
delicate ; the light emitted from a small straight flame of coal-gas, 42 mm. in height, 
placed at a distance of 216 mm. from the insolation vessel, producing an action repre- 
sented by the motion of the column of water over nearly 14 divisions of the scale in 
one minute. The several indications obtained agree closely with each other, and show 
that the instrument gives both accurate and trustworthy results. Thus tho action 
effected by a coal-gas flame of constant dimensions on different days was as follows t 


Date. 


Action in 1 minute. 


DiiTerence from 
mean. 

June 11 


14-00 


. + 0-01 

„ 12 . 

, 

14-26 


. + 0-35 

» 13 . 

, 

13-80 


. - 0-11 

M 19 . 

, 

13-83 


. - 0-08 

M 21 . 

, 

13-88 


. - 0-03 

„ 26 . 

. 

13-72 


. - 0-19 


13-91 


Observations made with the constant flame placed at different known distances from 
the insolation vessel, proved that tho amount of tho chemical action varied inversely as 
the square of the distance ; and experiments made in September with a flame of the 
same dimensions as used in June, gave results agreeing most exactly with those obtained 
three months previously. 

Vliotooliemioal Znduotton. — When the gas is exposed to light, the quantity 
of hydrochloric acid does not at once attain the maximum. A certain time always 
elapses before any alteration of volume is observed ; a slight alteration is, however, 
soon noticed, and this gradually increases until the permanent maximum is attained 
This remarkable fact was first observed by Draper, who explained it by supposing that 
the chlorine, on exposure to light, underwent a permanent allotropic modification, in 
which it possessed more, than usually active properties. Bunsen and Ruscoe have, 
however, shown that neither chlorine nor hydrogen, when separately insolated, under- 
goes any such modification, no difference indeedoeing perceptible between the action 
of light on the gases which have been sopa|^tely insolated before mixing, and on a 
mixture of the stime gases evolved, and previoiwly kept in tho dark. The light appears, 
therefore, to act by increasing the attraction befween the chemically active molecules, 
or by overcoming certain resistances which oppose their combination. This peculiar 
action is termed photochemical induction. The authors have fully investigated 
the laws of photochemical induction, and have determined the relation existing between 
the intensity of the light, the mass of the gas, and tho duration of the inductive action ; 
for the results thereby obtained we must, however, refer the reader to the original papers. 

The resistance to combination which prevents the union of tho chlorine and hydrogen 
gases until the action is assisted by light, is increased to a remarkable extent by tho 
presence of even the minutest trace of foreign gases. Thus, an excess of of 
hydrogen above that contained in the normal mixture reduces the action from 100 
to 38. The following table shows the effect of tho presence of small quantities of 
foreign gases upon the sensitiveness of the mixture. In each case the rate of combi- 
of the pure gases is supposed to be 100. 
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Ksture of foreign gat. 

Volume of chlorine 
•f hydrogen. 

Volume of foreign 
gai. 

Ratio of combination 
of mixture. 

None . • • • 

1000 

0 

1000® 

Hydrochloric add . 

1000 


1*3 

10- 

1000 

60*2 

Chlorine 

1000 


7S- 

180- 

60-3 

41-3 

Hydrogen 

Oxygen. 

1000 

1000 

! 

3* 

6- 

13- 

37-8 

9-7 

2-7 

Non-insolated gas 

1000 

6- 

66-6 


The increase in the rate at wliieli wiubi nation goes on up to a certain point, under 
the influence of light, appears to arise, not from any peculiarity in liglit, but rather 
from the mode of action of the cheinie.jil attractions themselves. Cliemical induction 
is in fact observed, when tliero is nothiiig but pure chemical action to pn)duce the 
change. Thus, if a dilute solution of aqueous bromine be mix»*d with tartaric acid 
and left in the dark, hydrobromic aci<l is formed, and the rate at which this hydro- 
bromic acid is produced is not uniform, but increases up to a certain point, according 
to a law similar to that which is observed in photochemical induction. ^I'lu'se pheno- 
mena seem to lead to the conclusion, that the chemic4d attnicticm between any two 
l)odie8 is in itself a force of constant amount, but that its action is liable to bo modi- 
fied by opposing forces, similar to thnae which affect the coiuluction of heat or electri- 
city, or the distribution of magnetism in steel. Wo overcome those resistances when 
we accelerate the formation of a precipitate by agitation, or a decomposition by inso- 
lation. 

One of the many interesting applications of the law of photochemical induction 
relates to the phenomena of photography. As an instance of this ajqtlieaf ion, Ihin.seii 
and Roscoe quote the remarkable observations of Ilecquerel, from which ho assumed 
the existence of certain rays which can continue but not commence chemieal action. 
In order to explain the phenomenon observial by the French physicist, it is not neces- 
sary to suppose the existence of a new prop(*rl.y of light, as the faets are easily 
explained by the laws of photochemical imluction (Fhil. Trans. 1H57, p. 400). Jt is 
probable, indeed, according to Jlunscn and Itoseoe, that the relations tlius proved in 
the cjise of chlorine and hydrogen occur in a sliglitly moditied form in other photo- 
chemical processes. 

Comparative and Atisolute Measurement of tbe Chemical Rays.- - The 

first e.ssential for the exact measurement of photoehemical actions is the possession of 
a constant source of light. This Bunsen and Roscoe secured by (unploying a flame of 
pure carbonic oxide gas, burning from a platinum jet of 7 mm. in diameter, and issuing 
at a given mte and under a pressure very sliglitlyditfisring from that of the atmospluTe. 
The action which such a jftandard flame produces in a given time on the sensitive niix- 
ture of the chlorine and hydrogen, placed at a given distance, is taken as tln‘ arbitrary 
unit of photochemical illumination. This action is, how'ev<‘r, not t hat which is dircefly 
obs^irved on the scale of the instrument. The true a<-tion is obtained only by t.'iking 
twcount of the absorption and extinction which the liglit undergoes in passing through 
the various glass-, water-, and mica-.screens plae<Ml hi'tween fln^ flame and the sensitive 
gas. These reductions can bo inmle by Indp of the det^-rminaf ions ilefailed in lli(! me- 
moirs al>ovo referred to. AVlicn these sour<M*H of error are <*liminal«‘d, it is possible, by 
means of this standard flame, to redin'c the indications of dilferent instrnim nts to the 
same unit of luminous intensity, and thus to remler them comparable. I<'or tbis j)ur- 
po.se, the authors define the photonudric unit for the chemii'ally active rays, as fhcaiiunwt 
*>f action produced in one ndnute In/ a standard Jla me placid, at a distance of une metre 
jroin the, normal mixture of chlorine and, //////n/y/ w ; and they determine experimentally 
for each instrument the number of such units which correspond to one (livision on tljo 
w'ale of the instrument. By multiplying the ob.sera^ed number of di visifms by the num- 
ber of photometric units equal to one division, the observations are rediieed fo a com- 
parablo standard. It is proposed to call this unit a chemical unit of liglit, and 
ten thousand of them, one chemical degree of light. Aceonling U> this standard 
of measurement, the chemical illumination of a surface, that is, the arnountof chemically 
active light which falls perpendicularly on the j>lane surface, can be o),taincd. It has 
thus been found that the distance to which two flames of coal-gas and carbonic oxide, 
fed with gas at the rate of 4T0.'> c. c. per second, must be removed from a plane 
■urface, in order to efifect upon it an amount of chemical action represenUA by one 
of lights was, in the case of the coal-gas flame, 0-929 m< tn*, in that of carbonis 
X X 2 
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oxide, 0'661 metre. The chemical illuminating powe^ or chemical 
fionrces of l^hli measured bj the chemical action e^ted bj^ these souii;,.!^ , 
distances and in equal times, can also be emrexed m terns of this unit 

these chemical intensities mar be compared Se nsible hght-giring 
In like manner, the authors deine chemical brightness, as the aiaomt o( ligZ 
measured photoehemically, which falls perpendicularly fwm a luminous surface upoa a 
physical pointf divided by the apparent magnitude of the surface; and this chemicaJ 
brightness of circles of zenith-sky of different sizes has been determined. Experiment 
shows that the chemical brightness of various sized portions of zenith-sky, not exceed- 
ing 0-00009 of the total heavens, is the same ; or, that the chemical action effected is 
directly proportional to the apparent magnitude of the illuminating surface of zenith- 
sky. It is, however, possible to express photochemical actions, not only according to 
an arbitrary standai^, but in absolute units of time and space. This has been done by 
determining the absolute volume of hydrochloric acid formed by the action of a^xed 
source of light during a given space of time ; and in this way the chemical illumination 
of any surface may be expressed by the height of the column of hydrochloric acid 
which the light falling upon that surface would produce, if it passed through an unli- 
mited atmosphere of chlorine and hydrogen. This height, measured in metres, Bunsen 
and Roscoe call a 1 ig h t-m et r e. The chemical action of the solar rays can be expressed 
in light-metres, and the mean daily or annual light thus obtained regulates the che- 
mical climate of a place, and points the way to relations for the chemical actions of the 
solar rays, which in the thermic actions are already represented by isothermals, iso- 
therals, &c. 

Cbemloal Action of Biffbse Bayllght. — In order to determine the chemical 
action exerted by the whole diffuse daylight upon a given point on the earth’s surface, 
the authors wore obliged to have recourse to an indirect method of experimenting, 
owing to the impossibility of measuring the whole action directly, by means of tho 
sensitive mixture of chlorine and hydrogen. For the purpose of obtaining the wished- 
for result, the chemical action proceeding from a portion of sky at the zenith, of known 
magnitude, was determined in absolute measure ; and then, by means of a photometer, 
whose peculiar construction can only be understood by a long description, the relation 
between the visible illuminating power of the same portion of zenitli-sky and that of 
the total heavens was determined. As, in the case of lights from the same source, but 
of different degrees of intensity, the chemical actions are proportioned to the visible 
illuminating effects, it was only necessary, in order to obtain the chemical action pro- 
duced by the total diffuse light, to multiply the chemical action of the zenith-portion 
of sky by the number representing the relation between the visible illumination of the 
total sky and that of the same zenith-portion. Tho laws according to which the chemical 
rays are dispersed by the atmosphere can only be ascertained from experiments made 
when the sky is perfectly cloudless. In the determinations made with this specially 
arranged photometer, care was therefore taken that the slightest trace of cloud 
mist was absent, and the relations between the visible illuminating effect of a portion 
of sky at the zenith and that of the whole visible heavens, was determined for every 
half ht)ur from sunrise to sunset, tho observations being made on the summit of a 
hill near Heidelberg, from which the horizon was perfectly free. 

The amount of chemical illumination which a point on the earth’s surface receives 
from tho whole heavens, depends on the height of the siin above the horizon, and on 
tho transparency of the atmosphere. If the atmospheric transparency undergoes much 
change when the sky is cloudless, a long series of experiinents would be needed before 
tho true relations of atmospheric extinction for tho chemical rays could bo arrived at ; 
the authors, however, believe that the alterations in the transparency of the air with a 
cloudless sky are very slight, and they think themselves justified in considering the 
chemical illumination of the earth’s surface on cloudless days to be represented simply 
as a function of the sun’s zenith-distance. This sup^sition is confirmed by experi- 
ments made on different occasions with varying zenith-distance of tho sun, inasmuch 
as these all agree closely amongst themselves. From a series of observations made on 
June 6, 1868, the relation between the amount of light optically measured, falling from 
the whole sky, and the amount (taken as unity) which at the same time falls from a 
portion of zenith-sky equal to y^th part of tho whole visible heavens, has been calcu- 
lated for every degree of tho sun’s zenith-distance from 20° to 90°. These numbers 
multiplied by the cheonical light proceeding from the same portion of zenith-sky for the 
same zenith-distance, give the chemical action effected by the whole diffuse light. The 
amount of chemical light which falls from the zenith-portion of sky is, however, t^ 
chemical brightness of that portion of sky. This chemical brightness was determined 
by the chlorine and hydrogen photometer on various days and at various hours when 
the sky was pt'rfectly cloudless; thence the authors obtained the chemical action, 
fxpressed in degrees of light, which i.« effect'd on the earth’s surface by a portion cb 
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*enitli-«ky equal in area to part of the whole heavens, upder corresponding sun'a 
^enith-diatancee from 20® to 90®. The numbers thus obtained have only to be multi- 
plied by thoee of the former series of observations, in order to give the chemical action 
« ffect^ by the total diffuse light of day for zenith-distances varying from 20® to 90®. 
Knowing the relation existing between the sun’s altitude and the chemical action, the 
chemical illumination effected during each minute at any given locality at a given 
time may be ctdculated. For the following places, the amount of chemical illumination 
expressed in degrees of light which fiills from sunrise to sunset at the vernal equipox is : 


Melville Island 
Rejkiavik . 

St. Petersburg . 
Manchester 


10,590 

15,020 

16,410 

18,220 


Heidelberg 

Naples 

Cairo 


18,220 

30,550 

21,670 


Chemical A.ction of Bireot Sunlight. — The ch(‘mical action of the direct sun- 
light was determined by allowing a small but known portion of direct sunlight to full 
into the dark room in which the instrument was placed, so that the insolation vessel 
was bathed in the pencil of rays thus admitted. Ily ludp of Silbermann’s heliostut, 
the sun’s image was reflected during the w'hole day upon om* s[)ot, a small opening of 
known size, in the window-shutter of a dark room. The fract ion of the total sun’s 
rays thus admitted and allowed to fall upon the elumiical photometer wivs ealeulated, 
and the action thus effected wjis obsurvi'd : hence* the amount of action can be found 
which the sun would have produced if directly shining U|Mm the instruments, — a con- 
dition impo8.siblo of course to fulfil, as the action wouhl become too rapid and the 
whole apparatus would be shatteTed by explosion. 

The aay chosen for observation of the sun’s action must obviously be cloudless, if 
we wish to obtain an idea of the relation existing between the chemical action and tho 
height of tho sun. Beginning the observations as near snnrise jis possible, wo find, for 
instance, on September 15, 1858, one of the days on which such a series of experiimmts 
was made, that at 7'' 9"* a.m., when the sun’s zenith-distance was 76® 30', the observed 
action amounted to 1*52 : that is, in one minute the column of water moved thn^ngli 
t’52 dinsion ; Oi the quantity of hydrochloric acid formed, wlum tho sun stood at tlie 
height mentioned, was represented by 1*52 division on the scahi. Gradually, as tho 
day wore on, the observed action for each minute became larger; until at 9** 14*“ a.m., 
the latest observation possible on the day in question, owing to tho formation of clouds, 
tlie action reached 18*5 divisions, or was tliirteen times as large as at 7‘* 9"*. In the 
last column of the accompanying table is found tho action, expresswl in degrees of 
light, which would have been observed at the foregoing times, if tho whole sunlight had 
been allowed to fall on the instrument : 


Hour. 

Sun’« xpnlth- 
distauct*. 

ObBcrvpd artion. 

1 mlnutp. 

Total 

action In di Brech 
of IIkIU. 

7‘ 

9® 

76® 

30' 

1-52 

5 54 

7 

26 

73 

49 

4-22 

15*50 

7 

40 

71 

37 

609 

22*43 

8 

0 

68 

34 

7 56 

27-85 

8 

7 

67 

30 

8-38 

38-87 

8 

26 

64 

42 

12*48 

45*85 

8 

54 

60 

48 

17*09 

62*59 

9 

14 

58 

11 

18*51 

67*61 


This great increase in the chemical action with the rise of the sun in the heaVens 
results simply from the fact that the solar rays, in passing through the air, are extin- 
guished or absorbed, lost in fact as light ; ami that as tin* sun rises higher alx)ve tho 
horizon, the column of air through which the rays pass is constantly being lessened: 
consequently, more of the direct rays reach th<^ earth. 

Now, the kw according to which the din ct rays of the* sun are thus al>sorbed in the 
air can be obtained from the experiments, of wdiicli the foregoing is only an example: 
hence, if the action which tlie .sun produces, when at a given height, is known, it i» 
possible to calculate the action wiiich it would produce at any other height. 

The law regulating the chemical action of direct sunliglit may be tlius expressed : 
The amount of chemical action effect e<l at a point u[>on the ’eart h’s surface on any 
cloudless day, by the direct solar rays, depends alone upon the suns s zenith-distance, 
or upon the height of the column of air througli which the rays have to pass. 

That these cidculated results agree very' clos* ly with the experimental data — with 
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the observed action — is seen by comparing the numbers in Table U., expressing 
observed and calculated action : ^ 

Table IL 


Sun*A zenith-dU- 
tnnee at time of 
observation. 

Chemical illumination of 8un*8 di- 
rect rays at the earth’s surface ex- 
pressed in degrees of light. 


Observed. 

Calculated. 

46^^ ff 

93-0 

96'4 

60 61 

89'2 

85-8 

67 36 

63T 

67-9 

68 11 

67-6 

66'2 

60 48 

62-6 

68*3 

64 42 

45-9 

47-9 

67 30 

38-9 

36-6 

68 34 

27*9 

33T 

71 37 

22-4 

24-5 

73 49 

15-5 

16-3 

76 30 

6-5 

9*2 


Probable error = + 2*7 degrees of light. 


Knowing the law which regulates the absorption of the chemical rays, wo can 
calculate what the action would be if there were no atmosphere to diminish the power 
of the rays. It is thus found that if the sun’s rays were not thus weakened, by pas- 
sage through the atmosphere, they would produce an illumination represented hy 318 
dKjrees of light ; or they would effect a combination in one minute, upon an unlimited 
atmosplu^ro of chlorine and hydrogen on which they fell perpendicularly, of a column 
of hydrocdiloric acid, 36 3 metros in height The sun’s rays having passed perpendicu- 
larly through our atmosphere to the sea’s level, effect an action of only 14*4 light- 
metres ; or three-fifths of their chemical activity hiis been lost by extinction and dis- 
persion in the atmosphere. 

A larg<3 number of most interesting conclusions may bo drawn from the facts already 
noticed. Thus, for instance, we may determine the chemical action which the solar 
rays will produce on the various planets ; for we know that the intensity of tlie 
chemical illumination varies inversely as the square of the distance of the planet from 
the sun. The numbers in Table III, express this chemical action in degrees of light, 
and in heights of columns of liydrochloric acid called light-metres. Hence, we see how 
much the sun’s cliemical action varies on the different planets, the superior phincls 
rt'ceiving so small a portion as to render it impossible that the kind of animal and 
vegetable life which we here enjoy can there exist. 


Table III. — Chemical Action •produced hy Direct Sunlight on each Vianet. 




Chemical action in 


Mean distances. 

Light-degrees. 

Light-metres. 

Mcrcuiy ...... 

0-387 

2125 0 

236-4 

Venus ...... 

0;723 

608-9 

67-5 

Earth 

1-000 

318-3 

35-3 

Mars 

« 1-624 1 

137-1 

16-2 

Jupiter 

^6-203 1 

11-8 

1-2 

Saturn 

9-639 

3-5 

0-4 

Uranus ...... 

19-183 

1-0 

0-1 

Neptune ...... 

30 040 

0-4 

004 


Interesting conclusions can be drawn from these facts, concerning the distribution of 
the chemical rays on the surface of our earth in different latitudes, and at different 
elevations above the sea’s level. The farther removed a situation is from the level of 
the sea, the higher up in the atmosphere it is placed, the greater is the amount of 
chemical action which it receives. Thus, in the highlands of Thibet, where corn and 
grain flourish at a height of from 12,000 to 14,000 feet, the chemical action of the direct 
sunlight is 1 J times as great as in the neighlx>uring lowland plains of Hindostan. In 
the same way we can c^culate, tor any point of the earth’s surface whose latitude i« 
known, the amount of chemical action which the direct sunlight effects at any given 
time of day or year. In Table IV. the numbers represent the chemical action effected by 
diredt sunlight in one minute at the places and hours named, on the 2 Ist of March. Curves 
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Afifiompa&y the original memoirs, showing the rise of the action with the progress of 
fhTsunlwrough the heavens. By comparing the numbers in the tabic, it is seen how 
c^tlv this chemical action differs at various pointa on the earth’s surfa(?e; and we can 
^J^erstand how it is, that at the latitude of Cairo, where the clicMuical action of the 
sunlight is twice as great as it is in that of Manchester, the whole flora and 
fauna assume a more tropical and luxuriant character. 


7 » 

S n 

9 „ 

10 „ 

11 

12 at noon 




Vernal Equinox at 




l. 

A. 

B. 

c. 

1). 

E. 

V. . 

0. I 

6 P.M. 

0-0 

0*0 

0-0 

0-0 

0-0 

00 

0-0 

6 

0-0 

002 

0-07 

0-22 

0-38 

0-89 

1-74 

4 

0*07 

1-53 

2-88 

5-85 

8-02 

13-31 

20-12 1 

3 

0-67 

6-62 

10-74 

18-71 

23-99 

35-88 

50 01 

2 

1-86 

13-27 

20-26 

32-91 

49-94 

58-46 

78-01 

1 

302 

18-60 

27-55 

43-34 

53-19 

74-37 

98-33 

3-61 

20-60 

30-26 

47-15 

57-62 

80*07 

105-3 

A. Melville Island. 

B. Rejkiavik, Iceland. 

C. St. Petersburg. 

D. Manchester. 



E. Iffidelbcrg. 

F. Naples. 

G. Cairo. 



Measurement of the Chemical Action oi tne 
solar Spoctrum.-~For the purpose of inejiHunng tli.' chemical activity ot the 
various portions of the solar spectrum (as regards the mixt ure of eh orine and 
Bunsen and Roscoe reflected the sun’s rays through a narrow slit, 
poseil them by passing them through two quartz prisms. huv 

was allowed to fall upon a white screen covered with a solution of ^ 

desired portion of the light measured by a finely-divided scale allowed tx) tall ^ « 
insolation vessel of the photometer. For the purpose of identifying the lin. s in 


insolation vessel of the photometer. For the purpose of identifying 

the lavender rays, use was made of a map of those lines made bv 1 rofessor . tokcs. 

As the various Lmponents of white light are irregularly 

it was necessary to make all the observations quickly one after k (,-,,, 1,1 rv/'ur 

appreciable difference in the column of air through which the rays passed 

Fig. 703 exhibits the chemical action effected by various portions of the spectrum o 

Fig. 703. 


iM 19a 140 UO 



the eensitire mixture for one particular aenith-dUtance of the sun. Sercral maxima 

of chemical intensity in the spectrum are he^ noticed. amount of action 

Between the Knee G in the indigo, and H .n the violet, the amoun of a«.on 

wa. owed, whilat another maxfmnm wa. found to he J 

In the direcJion of the red end of the «|>« rn™, the wtion b^me impc^F'^m 
about D in the orange (the maximum of via.ble illnminaUo^ U or 

end of the epectminTthe «ition wa* found to extend ■“ “^ibli 

distance from the line H greater than the total length of the ortunary vuiiom 

•pectmin. 
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We must, however, remember that the curve which represents the amount of decom- 
position effected by the chemically active rays, varies according to the nature of the 
substance acted upon ; thus Sir John Herschel showed (Phil. Trans. 1840, Part I.) that 
iodide of silver washed with nitrate was decomposed by ultra-violet rays which exerted 
no action whatever upon the clilorido of silver ; and whereas, in the case of the iodide, 
the action extends but a little beyond the line E, the action in the case of the bromide is 
visible to the very extremity of the visible red rays, and the maximum action on the 
bromide lies in the indigo rays, that of the iodide lying in the lavender rays between 
the lines I and M. (See also Becquerel’s results, p. 632; and Daguin, TraiU 
de Physique, iv. 226.) 

Cliemloal Photometer adapted to the purposes of Meteorological 

Keglstratlon. — Having thus ascertained the chief laws regulating the chemical action 
of light, and the distribution of direct and diffuse sunlight upon the earth’s surface 
when the sky is unclouded. Professors Bunsen and Koscoe proceeded to found a meihod 
of measuring applicable to the direct determination of the total effect produced by the 
varying cloud and sunshine of our changing climate. The object of this new investi- 
gation (Phil. Trans. 1863, p. 139) has been to invent a trustworthy mode of measuring 
the daily variation in the sun’s chemical intensity, which shall be so easy and simple 
of practice as to be applicable to regular meteorological registration. 

Although many fruitless attempts have been made to construct photometers by a 
comparison of the blackness produced by sunlight upon photographic paper, Bunsen 
and Roscoe found that the desired end could bo obtained in this way by attention to 
certain essential conditions. 

For this purpose it was necessary to construct an apparatus in which photographic 
sensitive paper could be exposed to sunlight for definite times measured by small frac- 
tions of a second. This in- 
strumen t, called a p e n d u 1 u m 
photo 111 e t e r, is represented 
mjig. 704. 

An iron stand carries tlio 
metal plate A, which can 
placed horizontally by three 
set-screws, and in which a 
straight slit, 15 millimetrcK 
broad and 190 millimetres 
long, is cut. Over this slit, 
which is shaded black in the 
drawing, is placed a very thin 
and elastic sheet of mica, be d, 
blackened at one end f^im b 
to c, and fastened at d to the 
curved drum E att4iched to 
the pendulum F. When the 
pendulum is allowed to vi- 
brate, the sheet of mica, as it 
rolls on and off the curved 
drum E at each vibration, un- 
covers and again covers tlie 
slit, so that each point 
, throughout the whole length 

of the slit is exposed for a different period, ^f wo wish to use this instrument for the 
purpose of exposing a photograpliic surface -to the action of the light for different 
times, the paper is gummed upon the white surface of the metallic slide (G,///. 701); 
this is then covered by a metallic lid, which does not touch the pjlper, and the whole 
arruiigoment pushed into the dark groove h, placed directly under the slit, and 
protechxl from the entrance of light by a lappet of cloth, which hangs in front. Tln^ 
metallic lid is then withdrawn, the screw k turned, and tlius the paper is slightly pressed 
against the slit, so that no light can enter sideways between the paper and tlm thin 
metallic edges of the slit. By raising the lever n m I at I, the pendulum is reletised 
from the catch at m, and, after completing a vibration, it is held fast by a lower catch 
at n. If it be required to double or to multiply the time of insolation, it is only 
necessary to repeat the vibration, once or several times, care being taken before each 
vibration to raise the rod of the pendulum so as to allow the end to fall into tlie upper 
catch. In order thus to set the pendulum in motion, and to stop it with certainty and 
ease, the lever is once for all balanced by a small weight at I, so that the arm nm '\a 
but slightly heavier than the arm /. 

Before tnis instrument can bo used for measuring the chemical action of light, it is 
necessary^ 


Fig, 704. 
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1. To know the relation existi^ between the several tints and the intensity of the 
light necessary to produce such tints. 

2. To construct sensitive paper which shall always possess the same degree of sensi- 
tiveness, and can easily be prepared when required. 

It was found, by a long series of experiments, that it was possible, by adhering 
strictly to a certain method of manipidntion, to propaire standard papers wliich, when 
made, possess a constant degree of sensitiveness ; so that if tlio same light falls iqwn 
them, the papers are always coloured to the same tint. 

Experiment likewise showed tliat the tint attained by s\ich a paper was eonstaiit 
when the quantity of light falling iqx)n it also remained constant; so tliat light of tlio 
intensity 60 falling upon the paper for tlio time 1, produced tlic same blackening effect 
us light of the intensity 1 falling upon it for the time 50. 

Knowing this law, whieli regulates the degree of shade of the paper, and having a 
surface of a perfectly constant degree of sensitivtmoss. it is easy to obtain absoliito 
measurements of the clK'mioal action of light . lM)r tliis purposes an arbitrary unit of 
measurement is cliosen, by making a standard tint or paint whicli can be easily and 
exactly reproduced at any time. 

The quantity of light which shall, in a second, or the unit of time, pi*oduce a blacken- 
ing effect on the standard photographic papt'r equal to that of the standanl tint, is .said 
to have the chemical intensity 1. If the time need(‘d to produce this same tint ia 
found by experiment with the pendulum-photometer to be 2 seconds, then the chemical 
intensity is one half, and so on. 

All tliat is needed, in order to obtain accurate measurmK'nts of the ehomiciil action 
of diffuse daylight or sunlight, is to be able to find the time neci'ssary to effect a 
blackening of the normal paper equal in shadr to the standard tint. This is done by 
means of the graduated strip made in the pendulum-j>hotomct(‘r. 

For the purpo,se of accurately comparing these tints, the ordinary daylight, or oven 
lamplight, cannot be used, as a change would tluTcby be produced on the sensitive 
pa|>er. A light which does not act chemically must bo used ; such a light is the mono- 
chromatic soda-flame. The light from this flann' possesses another advantage, namely, 
that the unavoidable differences of colour are not seen ; variation in t^hade alone being 
ix'rceptible. The arrangement for tims reading off the point having a shade equal to 
that of the standard tint is seen in Jig. 706. A millimetre scale, similar to the one 
iqxin the slit, is fastened upon a wooden board, a {fig. 7f)6), covered with paper, and 
moveable in a groove across a fixed wooden stand. The strip of photoginiphically 

Figs. 706 and 706. 



tinted paper is then cut off from the slide G and gummed upon the l»oar<l a, so that it 
the same position rtdative to the scale on the board as it had to the seaie on tlio 
A, fg. 706, represents a small square wooden block having a circular hole in tho 
niiddle 6 to 6 mm. in diameter, the lower half being covend by the paper of which tho 
^egree of shade has to be deterinin(><l Tlii.s block is presseil by means of a spring, Hi 
^ seen in J^. 705 in a fixed position jigainst the strip of paja-T. On throwing the imago 
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of the Boda-flame C, by help of the convex lens D, upon the circular opening in the 
block, it is easy, by drawing the slide backwards and forwards, to determine the exact 
point at which the upper and lower halves of the circular hole appear equally dark. 
It is then only necessary to read off on the scale the number representing the time 
which the paper at that point has been insolated, in order to determine the degree of 
shade whicn the paper in that time has attained. To ensure accuracy in the observa- 
tions, it is necessary that the eye should always be placed in one and the same position ; 
most advantageously in a direction nearly perpendicular to the surface of the strip of 
paper. 

By help of this soda-flame, the coincidence of shade of the graduated strip with tlm 
standard tint can bo read off with the greatest precision. This fact, as well as tho 
possibility of preparing a constant sensitive paper, is seen by reference to the following 
tables, extracted from the detailed paper printed in tho Philosophical Transactio|j8 for 
1863, to which we must refer for positive proof of the delicacy and trustworthiness of 
. the method. 

Papers variously prepared were exposed for the same time to the same light. 

Each reading is the mean of several observations ; identity in the numbers shows 
identity in the shade, and, therefore, the constant sensitiveness of the papers. 

The standard paper is prepared by soaking photographic paper in a solution of com- 
mon salt of given strength (3 to 100), and then allowing it to lie upon the surface of a 
silver solution (12 nitrate of silver to 100 of water). When the strength of the salt solu- 
tion varies, the sensitiveness of tho paper alters very rapidly. Variation in the strength 
of the silver-bath produces, on the contrary, but little change in the sensitiveness of the 
paper. 

Different qualities of paper and alterations of atmospheric moisture and temperature 
do not affect the sensitiveness of the paper. 

1. Effect of altering the Strength of the Silver-hath. Paper salted in a Solution 
containing 3 pts. Chloride of sodium to 100 of Water, 


Nitrate of silver to 

100 of water. 

Readings. 

Observer A. 

Observer B. 

12 ... . 

128'G 

129-7 

10 ... . 

128-7 

1270 

8 . . 

128-7 

128-0 

6 . . . . 

120-7 

130-0 

2. Effect of altering tJte 

Strength of the Salt Solution. 

NaCI to 

100 of water. 

Readings. 

Observer A. 

Observer B. 

1 . . . . 

2-6 

60-4 

2 . . . . 

95-7 

94-6 

3 . . . . 

132-6 

129-6 

4 . . . . 

1670 

168-0 

3. Experiment showing the constant Sensitiveness of the Standard Paper. 


Paper. 

NaCI to 

100 of water. 

Intensity No. 1. 

Intensity No. 2. 

Observer A. 

Observer B. 

Observer A. 

Observer B. 

Upper part of sheet 2 

2-960 

W 

70-0 

101-3 

101-5 

Lower part of sheet 2 

3-026 

70-fl 

69-3 

101-5 

101-7 

Middle of sheet 1 

3*026 

70-0 

69-5 

100-9 

100-9 

Middle of sheet 3 

3-000 

70-0 

70-4 

101-0 

100-0 


All these papers were silvered in a solution containing 12 pts. of nitrate of silver to 
100 of water. ^ . 

In order to measure the chemical intensity of the daylight at any time, all that is 
needed is to expose a strip of standard paper in the pendulum -photometer for a given 
number of vibrations, and then to find upon the strip thus exposed the point at which 
a shade equal to the standard tint has been produced. Reference to a table gives the 
time of exposure necessary to produce this tint, and the reciprocal of this time reprc' 
sents the mtensity of the acting light. If the time necessary were 3 seconds, the 
chemical intensity would be if the time were ^ second, the intensity would be 2. 
In this way curves of daily chemical intensity are made, which show the variation 
caused by (uouds, or by the changing altitude of the sun. These curvtfs show maxima 
and Tnittitna exactly corresponding to the appearance and disappearance of the sun 
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behind a dnnd. The difierence between the snn’s chemical intensity in sammsr and 
winter is clearly seen by reference to the curves on fig. 707. 

Fig. 707. 



Ibiaed upon tlio principles of the pcndulum-photomoter, a much simpler method of 
making these measurements has been arranged, as follows. A graduated strip made 
in the pendulum-photometer is fixed in hyposulphite of sodium, and pasted upon a 
l>oard furnished with a scale. The shades of certain points on this fixt'd stnp are 
compared with the shades on given points u|)on a graduated strip prepared in the usual 
way, and not fixed in hy|X)sulphite. The fixed strip is thus calihrat<^d in terms pf the 
unit of measurement, and it may then bo used as a moans of measuring the chemical 
action of light. Small pieces of the standard paper are then exposed for a given time 
to the light which it is desired to measure, until the shade approaches that of a part of 
the fixed strip. The point of exact coincidence is then read oflf by the soda flame as 
usual. In this way a piece of standard paper of 1 square inch of area will serve for 
40 separate determinations, and the whole arrangement for exposure may be carried in 
the pocket. The curve of the chemical intensity of day- and sun-light in Manchester, 
made with this small instrument on more than 40 separate days of the year 1864, fully 
bears out tha accuracy and ease with which those measurements can be made, and the 
n^sults of his experiments induces the writer of this article to express a hope that 
before long these instruments may be introduced into metoondogical observatories. 

Chvmical Hrightness of various Points on the Sun's Surface , — Tiie deUirrnination of 
tin; chemical brightness of the various portions of the sun’s disc is an interesting 
application of this new method of photometric measurements. 

By help of a camera placed on a 3-ineh refractor, the writer allowed the imago of 
the sun — of about 4 inches in diameter — to fall upon the standard paner. The sun- 
picture thus obtained presents inUiresting features : in the first place, the chemical in- 
tensity of the central portions ar<; 3-5 times as great as that of the jKirtions on the 
limb. A difiference of this kind, in the case of the luminous and calorific rays, has 
already been observed by astronomers, and it is doubtless caused by the absorption 
effected by the solar atmosphere. ... 

The following results were obtained by measuring the chemical brightness at vanoiis 
|K)ints on the sun’s disc, on May 9, 1863 ; from these numbers it will be seen that the 
luminous intensity varies very irregularly. 


Chrmical Bkiohtkess of Sun’s Disc. 


1 . At centre of 
•un’ft disc. 

2. 1 from edge of 
•un'K ditc. 

3. At the edge of 
•un't dis'^ 

No. 1. . . 100 0 
No. % . . 100 0 

N. Pole. Equator. S. Pule. 

388 . 48-4 . 681 

52*8 . — . 66*6 

N. Pole. Equator. B. Pole. 

187 . 30*2 . 28*2 

305 . — . 41 0 
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Bright patches of considerable area were seen on the picture ; these patches whielt 
were not caused by irregularity in the paper or in tlie lenses, are probably owing to 
the presence of clouds in the luminous atmosphere of the sun, and they may probably 
have some intimate connection with the well-known ^enomena of the red prominences 
seen during the solar eclipse. 

Optical and Chemloal fiztlnotlon of tbe Chemical Bays. In order to 

determine whether the act of photochemical combination (in the case of chlorine and 
hydrogen) necessitates the production of a certain amount of mechanical effect for 
which an equivalent quantity of light is expended, or whether this phenomenon is de- 
pendent upon a restoration of equilibrium effected without any corresponding equivalent 
loss of light, Bunsen and Roscoe have studied the phenomena occurring at the bounding 
surfaces, and in the interior of a medium exposed to the chemical rjiys. ^ 

When light passes through any medium, part of it is lost by reflection at the surfoce 
another portion by absorption within the medium, so that the quantity of emergent 
light is only a fraction of the incident light. This is true with the chemical as 
with the luminous rays, and Bunsen and Roscoe have determined the coefficients 
of absorption and refleidion of the chemical rays for glass, water, and mica. By 
passing light from a constjiiit source, through cylinders with plate-ghtss ends filled with 
dry chlorine, they found that, with a given length of cylinder, the quantity of chemical 
rays transmitted, when no chemical action takes place, is to the quantity in the inci- 
dent light in a constant ratio ; or in other words, the absorption of the chemical rays is 
proportional to the intensity of the light. They also found that the quantity of the 
chemical rays transmitted varies proportionally to the density of the absorbing medium. 
If, however, the light passes through a medium in which it is not only absorbed, but 
also excites chemical action, it is found that, in addition to the optical extinction al- 
ready spoken of, a quantity of light is lost proportional to the amount of chemical 
action produced. Thus the depth of pure chlorine gas at 0° C. and 0*76 m. pressure, 
through which the light of a coal-gas flame must pass in order to be reduced to -’,1 
is found to be 173 3 mm. ; hence, since the quantity of light absorbed varies as tie 
density, the depth of chlorine diluted with an equal volume of air or other non-absorb- 
ing and chemically inactive gas required to produce an extinction of would be 346-6 
mm. But when the s^n.sitivo mixture of equal volumes of chlorine and hydrogen in 
used, the depth of the mixture to which the light must penetrate in order to be reduced 
to is found only to be 234 mm. Hence Bunsen and Roscoe conclude that light i$ 
in this case absorbed in doing chemical work. 

Light from other sources gives results similar in character, although different iii 
amount. Diffuse light of morning reflected from the zenith of a cloudless sky is reduced 
passing through 45-6 ram. of chlorine, and through 73*5 mm. of the sensitive mix- 
ture ; diffuse light is reduced to y'o by passing through 197 mm. of chlorine, and through 
67*4 mm. of the sensitive mixture. Hence it appears that the chemical rays of diffuse 
morning light are absorbed by chlorine much more quickly than those of lamp-light; 
and those of evening light with still greater facility. From this we may conclude that 
the chemical rays reflected at different times and hours, possess, not only quantitative, 
but also qualitative differences, similar to the various coloured rays of the visible spec- 
trum. Photographers are well aware of this qualitative difference in the light, as they 
know that the amount of light photometrically estimated gives no measure of its photo- 
chemical activity ; they prefer a less intense morning light to a bright evening light 
for taking pictures. 

Photographic Transparency, or PiacUnw Power of different Media.— It has already 
been mentioned (p. 632), that the chemical r^s of the spectrum are absorbed in various 
degrees by different media. On this subject, some important experiments have lately been 
made by Professor W. A. Miller (Phil. Trans. 1863, p. 1 ; Chem. Soc. J. xvii. 59). 
The mode of observation consisted in refracting the rays which had traversed a trans- 
parent medium, through a prism and lens of quartz, and receiving them on a surface 
of coUodion coated with iodide of silver (p. 693), whereby a permanent image of the 
chemical spectrum was obtained. The light employed was the electric light (obtained 
from an induction-coil betw’een two metallic wires, generally of fine silver), which is 
peculiarly rich in chemical rays, yielding a chemical spectrum equal to four or five 
times the length of the visible spectrum. The following are among the most important 
Ipesults obtained : 

1. Colourless solids which are equally tran.sparent to the visible rays, vary greatly 
in permeability to the cliemical rays. — 2. Bo^lies which photographicallly transpa- 
rent in the solid form, preserve their transparency in the liquid and gaseous states.— 

3. Colourless transparent solids which absorb the chemical rays, preserve their 
absorptive action in the liquid and gaseous states. — 4. Pure water is photographically 
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transparent, ao that many compounds which cannot be obtained in the solid fbrm 
for such experiments, may be subjected to trial in aqueous 

solution. 

The following tables exhibit the photographic transparency of a few of the yarious 
solids, liquids, gases, and vapours subjected to experiment : — 


Solids. 

Ilock-crystal 

Ice 

Fluor-spar . 

Topjiz 

Kock-salt . 

Iceland spar 

Sulphate of magnesium 

Borax 

Diamond . 

Bromide of potassium 
Thin glass (0*009 in.) 
Iodide of potassium 
Mica (0*007 in.) . 
Nitrate of potassium 


Photographic Thansparbncy or Ductinic Powbr op 

Gases asut rapours. 
Oxygen . . 

Nitrogen . 

Hydrogen . 

Carbonic anhydride 
Ethylene . , 

Marsh-gas . 
Hydrochloric acid 
Coal-gas . . 

Ben zone va^ut* . 
Hydrobromic acid 
Hydriodic acid . 
Sulphurous anhydride 
Sulphydric acid , 

Air, 0*1 in. pressure 



Liquids, 0*75 in. 


74 

Water 

74 

74 

Alcohol 

63 

74 

Dutch liquid 

36 

65 

Chloroform 

26 

63 

Benzene 

21 

63 

Methylic alcohol 

20 

62 

Amylic alcohol . , 

20 

62 

Oxalic ether . . 

19 

62 

Glycerin . 

18 

48 

Ether 

16 

20 

Acetic acid . , 

16 

18 

Oil of turpentine 

8 

16 

Sulphide of carbon , 

6 

16 

Trichloride of arsenic . 

6 


74 

74 

74 

74 

6G 

03 

65 

37 

36 

23 

16 

14 

14 

74 


The photographic imago obtained upon the wllodion plate commenced m each cmo 
at the same point of the spectrum, corresponding with a spot a little more refrangible 
tlian the lino O. Calling the lino H 100, and numbering backwards for tho leM 
refrangible rays, tho line B being at 84, the commencement of the photograph in each 
ciisp is at 96*6, and tho extreme limit of the i6ost refrangible rays at 170*5. 

Wlien absorption occurs, it is almost always exerted upon the most refranjpblo rays ; 
but in the case of the coloured gases and vaiKJurs, chlorine, bromine, and iodine, 
the absorption diiFors from the general rule, and is by no means proi)ortion«J to the 
depth of colour, A column of chlorine, with its yellowish -green colour, cuts off the 
rays of the less refrangible extremity through fully two-thirds <>f I”*- spectnim; the 
rod vapour of bromine cuts off about one-sixth ot tho length of the spwtrum, the 
absorbent action being limited to the less refrangible extremity, whilst the deep violet 
vapours of iodine allow the less refrangible rays to pass freely for the nm tourth oi 
the spectrum ; then a considerable absorption occurs, and afterwards a feeble renewal 
of tho photographic action is exhibited towards the more refningible end. ^ 

Among the various compounds submitted to examination, the fluorides were 
found to bo chemically tho most transparent; then follow the chlorides of the 
alkali-metals and alkaline carth-metals ; tho bromides are less diactimc, 
and the iodides show a striking diminution in this respect. The group most remar - 
aide fur its absorptive power is that of the nitrates. Nitric acid, whether simp y 
♦lissolved in water or combined with bases, has a specific power in arres ing o 
chemical rays; the less refrangible jwrtion it transmits freely, but intorcep o 
spectrum abruptly at the same points, whatever salt be employed, provide e aso 

be diactinic. The chlorates are remarkably diactinic. 

Glass, even in very thin layers, absorbs the whole of the more nffrangi > o c 
rays. Hence it might appear that lenses of quartz, or of water encloHrKl qu^ 
would be far superior to those of glass for the use of the photographer. im, > , 

is not the case; for glass is very tninsparcnt to the less refrangi le po ion 
chemical rays, extending beyond the riolet en<l of the viHible spectrum ) a is 
much beyond the line H as the red end the Hp;ctrum is below it *, and ♦^^‘H^rays^ 
precisely the most abundant and powerful chemical rays in the solar spK ' 

contains but few rays of refrangi bility much beyond this ixiint; whereas in the elec- 
tric arc, these highly refrangible ray% predominate. . , • U„ . 

I>iactinu! bases, united with dMnic adds, u-Mually furnish diactinic salts , such 
a result is not uniform; none of the silicates arc as diactinic iw silica lUcdf in ^ 
form of rock-crystal. Again, hydrogen is eminently diaainic ; and * ® 
notwithstanding its de(;p violet colour, is also largely diactinic, but hy 

gas is greatly inferior to cither of them. ♦bun 

Compounds, as such, do not app<*ar to act more energetically as absorbents thai> 

slok^lphiL Trans, 1862, p. 006), by rnccmng the inTisil;le 
•creen, fini that the vegetable alkaloids and the glucosides are, almost withoiU 
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exception, intensely opaque for a portion of the invisible rays, absorbing them with an 
energy comparable, for the most part, to that with which colouring matters, such as 
indigo or madder, absorb the visible rays. The mode of absorption is also generally 
highly characteristic of each compound, and frequently very different in the same 
b<^y, according as it is examined in an acid or an alkaline solution. 

The quality of the rays reflected from polished surfaces varies in a manner which 
cannot be predicted from the degree of luminosity of the surface. Gold and lead 
though not the most brilliant of the metals, reflect the chemical rays more uniformly 
than the brilliant white surfaces of silver and speculum-metal. (Miller’s Elements 
of Chemistry ^ 3rd ed. vol. ii. p. 899.) 

Influence of 3bight upon Plants. 

The important effects produced by sun-light on living plants has already been 
noticed. Many experiments have been made for the purpose of determining the action 
which the different portions of solar light effect upon plants during various stages of 
their growth. The subject is an extremely complicated one, and the results of various 
experimenters differ widely. Thus, for instance, whilst Payer concludes that the violet 
rays are those which especially determine the growth of the plant, Daubeny and 
Draper state, as the result of their experiments, that the yellow, or most luminous rays, 
are those which act most powerfully in decomposing the carbonic acid of the air. 

Mr. Robert Hunt * draws the following conclusions from his investigations on this 
subject : 

1. The luminous rays pre^^nt the germination of seeds. • 

2. The chemically active rays quicken germination. 

3. Light acts to effect the decomposition of carbonic acid by the growing plant. 

4. The luminous and chemical rays are essential to the formation of the colouring 
matter of leaves. 

6. The luminous and chemical rays, independent of the caloriflc rays, prevent the 
development of the reproductive organs of plants. 

6. The heat-radiations corresponding with the extreme red rays of the spectrum 
facilitate the flowering of plants and the perfecting of their reproductive organs. 

Pliotogrraphy. 

The first well-authenticated attempts to produce pictures by means of the chemical 
action of sun-light wore made by Thomas Wedgwood and Sir H. Davy in 
the year 1802 ;t but it would appear probable from recent investigations that Boul- 
ton and Watt actually obtained sun-pictures at the Soho Works so early as the 
year 1799. No written statement of the method employed in their experiments has, 
However, as yet been found, and wo must therefore still give to the former experimenters 
the credit of having first described a mode of obtaining pictures by the means of sun- ] 
light. The meth(^ adopted by Wedgwood was that of moistening white paper or 
leather with a solution of nitrate of silver. By this means he copied leaves and paintings 
on glass, and took profiles, and Davy even succeeded in obtaining pictures of objects 
seen in the solar microscope ; but neither of these chemists was able to prevent the 
unshaded portions of the picture from being coloured by exposure to diffiised light. In 
the year 1814 M. Niepce examined the action of light on certain resinous substances 
with the object of obtaining an unalterable image in the camera. In this he succee(lc<l 
to a certain extent, inasmuch as the light rendered the resin insoluble in the usual sol- 
vents, so that, by the subsequent action of urn acid on the exposed metallic plate, those 
parts upon which the light had not fallen wer^btehed. In 1 827 M. Niepce communicated 
an account of his experiments to the Royal Society, and in the same year he informed 
M. D aguerre, who had been previously but unsuccessfully engaged in the same pursuit, 
of the particulars of his process. The two investigators continued their researches in 
common, proposing many different modes of producing the “ Heliographic pictures,” as 
they were termed, without great success, until the death of Niepce in 1833. Daguerre, 
continuing his experiments after this event with the son of Niepce, was fortunate 
enough to discover, in 1839, the method which bears his name, and to obtain a prize 
and pension offered by the French government for the discovery of a method for per- 
manently fixing the image formed in the camera. The process of Daguerre consisted 
essentially in tdlowing the vapour of iodine to act upon a plate of polished silver, which 
thus becomes eoated with a thin film of iodide of silver; the plate prepared in this way 

• See Report by Robert Hun t On Me preseni state qfour knosoledge qftke Cktmkal Jctionid^ 

Sslor Radiation^*' Br\t. Asaoc. Repurta for 1850. 
f Journal of Royal Inatitutioii, June 1802. 
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was n«it to light in the camera, so arranged that the image of the olgect to be 

^ied fell upon the iodised surface, which thereby undergoes a change, not however 
visible on withdrawing the plate from the camera. In order to develop the latent 
imace. the plate was exposed to the action of the vapour of mercury, which produces 
di^rent effects on various parts of the plate, accowiing as the iodide has been more or 
less alte^ by the action of the light. The undecomposed iodide was then dissolved 
bv nlacing the plate in a strqipg solution of hyposulphite of sodium, and the picture was 
thewby^rmanently fixed. Since Daguerre’s time, this process has undergone con- 
iderable improvements; amongst these, we may mention the exposure of the plate to 
the vapour of bromine, by which the sensitiveness of the film is greatly increased, and 
t lie reauction of metallic gold upon the surface of the film during the process of fixing, 
bv which the lights and shades of the picture are rendered more effective. For the details 
of the process, as now practised, wo must refer the reader to photographic text -books. 

Tlis nature of the invisible chemical change efft>ctod by the light on the iodo- 
bromide of silver is not understood, but it is evidently analogous to the change 
produced by the light on the mixture of chlorine and hydrogen Wore combinahon 
ensues, which has been terme<l photochemical induction, the film being so modified as 
to render it susceptible of decomposition when brought into contact with the vji{wur of 
inercuiy. The amalgam thus produced varies in thickness according to the in* 
tensity and duration of the action of the light, and different shades are therefore seen, 
when the picture is viewed by reflected light, corresponding to the lights and shades of 

*^^Th^Bul^W*of the production of sun-pictures on paper attracted but little attention 
from the time of Wedgwood until the year 1839, when Mr. Fox Talbot published 
Ilia plan of “ photogenic drawing.” This consisted in exwsing in the camew a paper 
soaked in a weak solution of common salt, and afterwards washed over with a strong 
solution of nitrate of silver ; the image thus obtained was a negative one, the light 
l>eing dark and the shadows light, and the pictures were fixed by immersion in a solu- 
tion of common salt. , <r. m 4 

Many improvements have been made in this process. In 1841 Fox Talbot patented 
the beautiful process known as the “Talbotypo or Calotype process, in which the 
paper is coated with iodide of silver by dipping it first in nitrate of silver, then m 
iodide of potassium. Paper thus prepared is not sensitive per se to the action of ligh^ 
but may bo rendered so by washing it over with a mixture of nitrate of silver and 
gallic or acetic acid. If it be exposed to the camera for two or three minu^s, it does 
not receive a visible image (unless the light has been very strong) ; but stiU the com- 
pound has undergone a certain change by the influence of the light: for, on subw- 
quently washing it over with the mixture of aceto-nitmto ofjilvt^ ^ 



picture from further change by exposure to light. The negative picture thus obtained 
IS rendered transparent by placing it between two sheets of blotting-paper sa ura 
with white wax, and nnssing a moderately heated smoothing-iron ov(>r the whole. It 
may then be used for printing positive pictures, by laying it on a sheet of paper prepared 
with chloride or iodide of silver, and exposing it to the sun. , i „ itr- 

A most important step in the progress of photography is the substitution, hj 
Archer, of a transparent film of iodised collodion spread upon glass for the iodised 
paper used in Talbot’s process, to receive the negative image in I'"® 

Tlio process is thus rendered so much more certain and rapid, and the 
tures obtained by transferring the negative by printing on paper are found ^ ^ 

much sharper in outline, than when the transference occurs through paper, as in the 
Talbotype process, that this method is now universally employed. In this process, as 
in that of the Calotype, the image produced in the camera is a 

development with substances such as pyrogallic acid, or pro^sulphate of iron, whi^ 
having a tendency to absorb oxygen, induces, in presence of nitrate of «‘ver ™ r^ 
duction of the chloride or iodide to the metoll.c state. Por a descnption of the 
apparatus and latest processes used in the Collo<iioii method, the reader may consult 

Iiardwich’s “Manual of Photographic Cheniistoy.” hv 

A lai^e number of other metallic ealta bemdea the aa t« of ailver ^ 

light. The photochemical re latione of many of thcae aalta have b|'en apwally 
hy Sir John Herachel (Phil. Trana. 1840), in hia Mlehratwl Vi 

Chemical Action of the Baya of the Solar Spectrum ^ and, 

"ctiona, a number of methoda of producing picturca have been deaenh^, all of whic^ 
of aecondaiy intereet For a full dcacription of thcae met hoda, we may refer the reader 
to Hunt’s “ Bmarches on Light.” 
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Nature of the ChmioaX Chanae effected hy Light on Silver the exact 

chemical decompoaition eflFected by light on the chloride, bromide, and iddide of silver 
has long been a subject of experimental discussion, still much remains to be learnt 
concerning the composition of the photographic image. The general result of investiga. 
tions upon this subject may be stated to be that^ in the first place, a sub-salt of silver 
of a grey or violet colour is formed, whilst by a further action of the light the silver is 
probably reduced to the metallic state. It appears, however,* most difficult to prepare 
the sub-salts of silver in a pure state, either bv the action of light, or by other chemicid 
methods, the evidence of the presence of such a salt in the violet-coloured chloride 
depending upon the well-known fact that this substance is unacted upon by nitric 
acid, but decomposed by ammonia into chloride and metal. The recent experiments of 
V 0 gel (Pogg. Ann. cxvi. 497) confirm this result, as ho shows that when pure and dry 
chloride and bromide of silver are insolatod, chlorine and bromine are liberated and 
a substance insoluble in nitric acid, in each case, produced : he was unable to aetfct 
free iodine when pure iodide of silver is exposed to light, and hence he concludes that 
this salt is not decomposed by light. Vogel has likewise observed that the results 
obtained when the above-mentioned salts are prepared with an excess of silver-salt, 
instead of an excess of the precipitant, are somewhat different : thus, whilst the iodide 
prepared with excess of iodide of potassium shows no change of colour, that prepared 
witn excess of silver becomes decidedly grey on exposure to light. 

A shi^lar effect produced by the red rays upon a blackened silvered paper was 
observed long ago by R i 1 1 e r, and confirmed by H e r.s c h e L If prepjired paper soaked in 
nitrate of silver solution be blackened by exposure to light, and then submitted to the 
action of the solar spectrum, those portions upon which the violet rays fall become 
darker, whilst those exposed to the rod rays become lighter, and assume a brick-red 
colour ; hence it would appear that the least refrangible rays exert opposite actions 
upon the sensitive silver-salts. Claudethas also shown (Phil. Trans. 1847) that ex- 
posure to the rod rays neutralises the effect previously produced on a sensitised 
daguerreotype plate by white light. 

We are as yet quite unacquainted with the essential nature of the change brought 
about by the action of light. Thus, wo do not know whether, in the blackening of 
chloride of silver, the lig& used up in the decomposition is equivalent to the v'ork 
done, as in the case of the decomposition of water by the galvanic current where the 
force needed to separate the molecules of oxygen and hydrogen is as large as that 
evolved by the combinations of the gases ; or, whether the chemical actions of light re- 
semble that sudden splitting up which occurs in certain compounds (the chloride 
of nitrogen, for example) where they are placed in circumstances under which they 
can no longer exist, and where the force establishing the change bears no equivalent rela- 
tion to the forces developed in the resulting decomposition. 

Chrom o-p ho tog rap hy . — ^Many attempts have been made to reproduce in the photo- 
graph the colours of natural bodies ; and although these attempts have not succeedtHl 
to the full extent of fixing the coloured picture, yet a certain degree of progress in the 
production of tinted images has been made. Thus, for instance, Becquerel (Ann. 
,Ch. Phys. [3] xlii. 81) has described a method by which a coloured im^e of the soIm 
spectrum can be prepared, as well as representations of the coloured rings formed in 
crystals by polarised light. In order to obtain these coloured images, a polished plate 
of silver is immersed in dilute hydrochloric acid, and a film of sub-chloride formed 
upon the silver by allowing the plate to form^the positive electrode of a Bunsen’s bat- 
tery. The plate thus prepared becomes variously tinted when exposed to the solar 
spectrum, some of the rays being repr^uced with their distinctive colours, whilst 
others either produce no effect or give rlsn to tints differing from their own. Other 
experimenters, especially Ni&pce de St.’ Victor and Campbell, have obtained 
.somewhat anidogous results ; but, as yet, the coloured images produced by these and 
similar processes have resisted all attempts to render them permanent. 

Photographic Engraving^ Lithography^ and Galvanography.-^f^^ 
original photographic process proposed in 1827 by Niepce has been lately modifit^ 
byM. Ni&pcede St. Victor, for the production of photographic engraving on steel. 
A plate of steel is covered with a layer of prepared bitumen, and being placed under an 
ordinary positive photograph, is exposed to light; on treating the bitumen with naphtha 
and benzol, those portions which have not been insolated dissolve, leaving the steel 
plate exposed for the subsequent action of acid. The plate thus prepared is then sub- 
mitted to the usual processes employed in aqua-tint engraving. A somewhat similar 


process was patented by Mr. Fox Talbot, in 1858, for etching by chemical i 

fk positive photograph on a copper plate. This method has recently been modified^^ 


* See Report on the Nature of the Photographic Image, Brit. Assoc. Reports, 1899^ p. 106. 
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i^applied ibJlpwidenily by Sir H. James and Mr. Osborne of Melbourne^ to the 
production of -litliographs and sincographs from photographs. Mr. Osborne’s process 
insists in coating a sheet of paper with a solution of acid chromate of potassium in 
g<.latin, and exposing the prepared paper to light by placiuj^ a negative photograph 
over it. After a few minutes’ exposure, the paper is placed in water j the unchanged 
portions are then easily washed away, and those parts which have been acted upon Viy the 
light remain. This picture is then coated with lithographic ink, and transferred to the 
lithographic stone by pressure ; the prints, obtained by transfer in the usual way, are 
remarkably sharp and delicate. 

A process of photogalvanography, founded on the decomposition of gelatin and 
acid chromate of potassium, has likewise been proposcni. The action of light on tliia 
mixture produces a change in the gelatin, rendered evident on immersing the plate in 
water, by a difference of level of the variou.s parts. A mould of this raised picture is 
then*takon in gutta percha, and a copper plate is made from the gutta-percha mould 
by the electrotype process ; this plate is again copied by elwtrolysis, and from this 
second copper plate the prints are struck off. This process gives the means of 
making an infinite number of multiplications of the same subject, but tlio impressions 
obtained are not very distinct. II. E. It. 

j^ZOUrnr. Syn. with Crllulose (i. 818). 

XiZOXrZTB. See Coal (i. 1032) and Fuel (ii. 721). 

X.ZGiroZM. 0". — A brown .substance obtained by Reichel {Ut'hrr 

Chinarinde und deren chcmischv Ikstandilu'ile^ Leipzig, 1850) from old Iluanoco cin- 
chona-bark, and further examined by Hesse (Ann. Ch. Fharni. eix. 341). It is very 
soluble in alkaline carbonates ; the solution does not absorb oxygen fi*om the air at 
common temperatures. Tlie brown sulmtunco, boiled with caustic potash, gives off 
ammonia ; and the substance then remaining in solution appi'ars to have the composi- 
tion C^ir^O*, agreeing with quinova-red and phlobuphene, and n'seiiibling a substaiK'e 
obtained by Reichel from red cinchona-bark. Hesse is of opinion that a brown humus- 
like substance, having also the composition and essentially different from 

Schwartz’s cinchona-red (i. 969), is deposited in the barks of cineliona and other allied 
sjieeies. 

XiZOlOrOXrB or XTBITB. These names were applied to a volatile liquid of vari- 
able coin|)oaition, and boiling at about 00°, obtained from erude wood-spirit l»y tjoatment 
with chloride of calcium, and subsequent rectification. Vdlektd (Fogg. Ann. Ixxxiii. 
272. 557) assigned to it the composition (J^IF'^O^; but the analyses made of it by oilier 
chemists, viz. W eidem an n and Hcli weizc r. Lie bi g, K a n e, and L. G mel i n, exhibit 
great di.sercpancies (the percentage of carbon differing by about 10 percent.), and Dancer 
(Chem. 8 <k’. J. xvii. 222), by a more careful investigation ol crude wood-spirit, lias 
show'u tliatitis a mixture, in variable projK^rt ions, of inetliylic alcohol, acetone, acetate 

of methyl, and dimothyl-aeetal, Hup|x»sed lignone 

or xylite lias no existence. (See Methyl- acetal and Methyl-alcohol.) 

ZiZGITZiZlir. See Lioustkum. 

ZtIGITJlZTB. A mineral having the angles und elmracter of sidu no (Dufronoy), 
f'Miml in a bilcose rock in the Apennine.s. 

ZiIGVSTRZlir. Sec the next article. 

ZiZGVSTRiniK WBGRRB. Pnint . — The ripe hrritn of this plant contain, 
according to Nickl^s (.f. Fliarm. {3] xxxv. 328), a crimson eolonring matter, liguliii, 
Boluble in water and in alcohol, either pure or etheriswl, but insoluble in ether. It does 
net contain nitrogen, is notdecomjKised by 48 lioiirs’ boiling willi punj water, is coloured 
green by alkalis (Nickl6s recommends thi.s reaction for «lefeeting acid carbonAt/e of 
calcium in water), and reddene^l again by acids. It has not been oblaiiHMl pure. 

The IcaiKA of privet yield, according to FoD x (Areli. Fhnnn. ji] xvii. 75), a 
yellow, hygrosc'opic, bitter extract, called ligiistriii, ins«duble in ether and in abM;- 
lute alcohol, but soluble in water and in dilute alcohol, forming solutions which do not 
give distinct reactions with any metallic* salts. Strong sulphuric acid gives, with ligus- 
frin, a deep indigo-blue colour, changing on dilution to a cornflower-blue or violet. 

The leaven and bark of privet conUiiu mannito. (Folex, /oc. Kroinayer, 
ci. 281.) 

ZiZZiXCTB. A silicato of Iron from Fr/.ibram in Bohemia, having the appearanca 
earth or glauconite, and probably a product of the decomposition of iron 
pynteg. It ia a duU, amorphous, earthy substance of blackish-green colour, and in fine 
powder, appearing translucent with leek-irrecu colour under the microscope. Uardnesa 
VoL. lu. Y Y 
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— about 2. Specific gravity « 3*043. A specimen, as pure as could be obtained (it is 
often mixed wim iron pyrites and ferric hydrate), gave, by analysis, 32*48 silica^ 5 1*52 iron 
and oxygen, and 10*20 water ( « 94*20, including 1*96 carbonate of calcium, and 0*63 iioB 
pyrites), agreeing approximately with the formula (2FeO.3S^O*.H.'‘K)),(I?e*)^‘Ii*0^ 

liXMEACSK. A substance obtained by Braconnot (Ann. Ch. Phvs. [3] x. 319) 
ail CLimax agrestis). When dry it forms a white earthy mass, easily 


from the garden-snail ^Limax agrestis). W hen dry i i . v 

crumbled between the fingers. It is somewhat soluble in cold, more soluble in boiling 
water, soluble in boiling alcohol, in concentrated hydrochloric acid, and easily in alka^ 
line liquors. The solution in cold water is precipitated by tannic acid, corrosive sub- 
limate, neutral lead-acetate, ferrous sulphate, and the acetates of copper and manganese, 
but not by oxalate of ammonium. By dry distillation it yields carbonate of ammo- 
nium, and leaves charcoal with a small quantity of alkaline ash. 

ItXMAX. According to A. Vogel and C. Eeischauer (N. Jahrb. Pham. ix. 179), 
many coloured snails of the genus Limax contain a colouring matter which appeaw 
violet in dilute acid solution, brown or black in more concentrated solution. It is 
obtained by macerating the animals, freed from their viscera, with dilute nitric acid, 
and precipitating the solution with ammonia. The brown or black iridescent precipi- 
tate m insoluble in water and in alcohol. The nitric acid solution graduaUy assumes 
a crimson colour, then becomes colourless. The colouring matter, when ignited, leaves 
A large quantity of phosphate of calcium. 

&X2IKBBXirrs. Syn. with Chuysolitk (i. 968). 

UMB. Oxide of calcium (see Calcium, i. 718). 

BXXIKB, CBBOBXBB OF. See Chlorine (i. 904, 908) and Htpochlobitis 
(hi. 237). 

BXXNEB, OXB OF. C‘®H‘«.— The volatile oil of Citrus Limetta, obtained by distil- 
ling the torn and pressed rinds with water (i. 1003). 

BXMB-FBOWBB, OXB OF. A volatile oil, obtained from the fiowers of Tilia 
europaa, by distillation with water (Brossat, J. Pharm. vi. 396), or by exhaption 
with ether in a percolator. The amount does not exceed 0*1 per cent. It is lighter 
than water, very volatile, and has a strong odour of lime-flowers. (Gm. xiv. 378.) 

BZMBSTOBB. The generic name of all rocks having carbonate of calcium for 
their principal constituent. The principal accessory constituents are as follows:— 
1. Silica and alumina. The former occurs in crystalline limestones, sometimes ai 
crystalline quartz ; in compact limestones, sometimes as sand in small quantity ; moat 
frequently combined with alumina, in the form of clay. Nearly all limestones contain 
small quantities of clay, and in some the quantity amounts to several units per cent., 
the limestone then passing into marl Limestones also occur containing silicate of 
calcium, as at Gjellebak in South Norway.— 2. Iron : sometimes as ferric oxide, some- 
times as ferrous carbonate ; generally only in small quantities and fraces.--3. Man^- 
nese : either as manganic oxide or as manganous carbonate. In still smaller quantity 
than the iron, and often absent altogether.— 4. Magnesia, as carbonate: a veiy frequent 
accessory constituent of limestones, but in true limestones not exceeding 0*5 to 10 
per cent. When the proportion is larger, the limestone passes into dolomitic lime- 
stone and dolomite.— 5. Phosphoric acid : appears to occur only occasionally, and m 
very inconsiderable quantity, no limestone having yet been found to contain more 
than 0*2 per cent, of it.— 6. Alkalis, namely potash and soda, have been found m a 
considerable number of limestones by Sqhramm (J. pr. Chem. xlvn. 440) an 
Pehling (ibid. 446). Schramm found from 01 to 0 3 per cent, alkali, for the roosi 
part as carbonate, in smaller quantity at* chloride. Pehling obtained from alurainoiw 
limestones about 3 per cent, alkaline carfebpate. According to Schramm, soda 
occurs in larger quantity than potash, about in the ratio of 2 at. soda to 1 at. potash. 

7. Organic (bituminous) matter, probably in all limestones, excepting a few erysa 
line ones; sometimes in mere traces, sometimes in more considerable quantities, 
anthraconite, stinkstone, and bituminous limestone, the presence of organic matter 

^^Th^foRowing enumeration of the sub-speies and varieties of limestone is taken 
from Urds Dictionary of Chemistry, and originally from Januson^s Miner 
1. Foliated limestone; of which there are two kinds— cafrspar, 
granular limestone. The first will be found in its alphabetical place in thw DicUon^- 
^ Granular foliated limestone.— CoXouv white, of various shades, sometimes fiptiw , 
massive, and in distinct angulo-graniilar concretions; lustre glistening, b^ 
pearly and vitreous; fracture foliated ; translucent; hard as calrepar ; brittle ; sp^ 
levity (of Carrara marble) 2*717. It generally phosphoresces when pounded, or wn^ 
^wn on glowing coals ; infusible ; effervesces with acids. It is a pure carbonate « 
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OeeiMV in b^ds in granite, gneiss, &c., and rarelvin secondanr rodn; M is 
fbni^in aH tke ^aat ranges of primitiTe rocks in Europe, and affi>rds the finest malUea. 
Parian iiiart>le, Eentelic marble, the Marmo Gh'eco, the white marble of Luni, of 
^ and of Mount Hymettus, the translucent whit-e marble of statuaries, and fisnibla 
white marble, are the chief of the white marbles which the ancients used for sculpt^ 
and architecture. The red antique marble, Rosso anti^ of the Italians, and E^ptlan 
of the ancients ; the Verde aniico^ an indeterminate mixture of white marble ana green 
fleroentine; yellow antique marble; the antique Cipolin marble, markml with green- 
coloured Eones, caused by talc or chlorite ; and African breccia marble, are the prin- 
cipal coloured marbles of the ancients. The Scottish marbles are- -the red and white 
Tirw the former of which contains hornblende, sahlite, mica, and green earth; the 
Iona marble, harder than most others, consisting of limestone and tremolite, or occa- 
sionally a dolomite ; the Skye marble ; the Assynt in Sutherland, introduced into cora- 
merc# by Mr. Joplin, of Gateshead ; it is white and grey, of various shades. The 
Glentilt marble; the Balachulish ; the Boyne ; the Blairgowrie; and the Glenavon. 
Hitherto but few marbles of granular foliatinl limestone have been quarried in England. 
The Mona marble is not unlike Verde antico. The black marbles of Ireland, n^ w 
generally used by architects, are lucullites. The Toreen, in tlie county of Waterford, 
is a fine variegated sort ; and a grey marble, beautifully clouded with white, has been 
found near Kilcrump, in the same county. At I^ngh lough cr, in Tipperary a fine 
purple marble is found. The county of K.-rry affonls s(‘V(‘ral variegated marbles. Of 
tl>e Continental marbles, a copious account is given by Professor Jameson, Mineralogy, 


vol. ii. p. 602. . 

2. Compact limestone; of which there are three kinds -cowinon compact lime- 
stone, bine Vesuvian linmtone, and roestone. , , v 

a. Common compact limestone has usually a grey ctdour, with coloured delineations. 

Massive, corroded, and in various extraneous shapes ; dull ; fracture fine splintery ; 
translucent on the edges; softer than the prm*<iing sub-speciis ; easily frangible; 
streak greyish-White ; specific gravity 2 0 to 27. It effervesces with acids, and burns 
into quicklime. It is a carbonate of calcium, with variable and generally minute pro- 
riortions of silica, alumina, iron, magnesia, and mHngan(‘8e. It occurs principally iii 
secondary formations, along with sandstone, gypsum, and coal. aniiiial petri- 

fictions, and some vegetable, are found in it. It is rich in onrs of lead and siue, tlio 
English mines of the former met 4 il being situated in limestone. When it is so hard as 
to take a polish, it is worked as a marble, under the name of shell, or 

marble. It abounds in the sandstone and coal formations, botli in ScoUand and Eng- 
laud ; and in Ireland it is a very abundant mineral in all tli<^ dist nets where clay-slatu 
and rod sandstone occur. The Floreiitiiu^ marble, or ruin marble, is a compact Uine- 
stone. Seen at a distance, slabs of tliis stone resemble drawings done in bistre. 

b. Blue Vesuvian Limestone. Colour dark bluish-grey, partly vciimd with white; 
rolled and uneven on the surface ; fracture fine earthy; opaque; streak white ; scmi^- 
hard in a low degree ; feels heavy. Its constituent^ are, lime 6H, carbonic 

water somewhat ammoniacal 11, magnesia 0*6, oxide of iron 0'26, carbon 0 25, and 
silica 1-25 (Klaproth). It is found in loose massif anmng unaltered c|ectiMl 
niinerals, in the neighbourhood of Vesuvius. In mosaic work, it is used for represent- 
ing the sky, , . . ... 

c. Roestone. Colours brown and grey; ma-ssive, and in distinct concretions, whicli 

are round gianular; dull; opaque; fracture ofllie mass round granular; iipproMching 
tosoft; brittle; specific gravity, 2 6 to 2 68. It dissolves with effervescence Jiiiicn s. Jt 
(wcurs along with red sandstone and lias liineslone. In England tlus rock is called >a li- 
stone, Ketton-stoue, Portland-stone, and Oolite. It extends, with hut lit lie interruption, 
from Srimersetshire to the banks of the Humber in Lin.-olnsbiri'. It is use.d jri 
architecture, but is porous, and apt to moulder away, as is simui iii ( he oruarnciil^ea work 
of the chapel of Henry VII. ' 

3. Chalk, already described (i. 845). 

4. Agari c mineral, or Kock-milk. O.lonr wliite; in oruMn or tnhoroHo pircea ; 

dull ; composed of fine dusty particles* ; soils si rongly ; fee s meagre , adheres to 

the tongue; light, almost supernatant. It diss^dv.^s ,n hydroehlone acid wjlh cjffer- 
vescence, being a pure carlxmate of calcium. It is found on the north side of 
between the Isis and the Cherwell, and near Chipping Norton : as also in the fissures 
of limestone caves on the Continent. It is formed by the attrition ot water on lime- 
i^tone rocks, 

«. Fibrona limeatoue, of which there are two kinfls— natin-epar, or the common 
fiWou* ; an^ fibrona ealeniWer. 8atin-,par. White of ranoua 
IB Oiatinct fibwoa concrotiona; luatre gliatening and pearly; fragmenU apUntery, 
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feebly translucent; as hard as eakareous spar ; easily Ifrangible; sp^fic grarity 17 . 
Its constituents are, lime 60*8, carbonic add, 47*6 ? Stromeyer saw it contains small 
quantities of gypsum. It occurs in thin layers in clay-slate at Alston Moor in Cum- 
beriand ; in layers and veins in the middle district of Scotland, as in Fifeshire. It is 
■sometimes cut into necklaces, &c. 

Fibrous calc-sinter. Used as marble; the ancients formed it into unguent vases, 
the of Sc^pture. See Calc-sintee (i. 720). ^ 

6 . Tufaceous limestone, or Calc-tuff. Colour grey ; massive, and in imitatire 

shapes; enclosing leaves, Bones, shells, &c.;'dull; fracture fine-grained Uneven; opaque; 
soft ; feels rough ; brittle. -It is pure carbonate of calcium. It ocCura in beds, 
generally in the neighbourhood of rivers; near Starly-burn in FifeshirO, and othir 
places. Used for lime. ■ 

7. Pisiform limestone, or iPeastono. Colour yellowish -white ; masdve, and 
in distinct concretions, which are round granular, composed of others which ai^ very 
thin and concentric lamellar. In the centre there is a bubble of air, a grain of sand, or 
of some mineral matter ; dull ; fracture even ; opaque ; soft ; brittle ; specific gravity 
2‘582. It is carbonate of calcium. It is found in great piasses in the vicinity of 
Carlsbad in Bohemia. 


8, Slate- spar; Schieferspath. Colour white of various shades ; massive, and in 
distinct curved lamellar concretions ; lustre glistening and pearly ; feebly translucent ; 
soft ; between sectile and brittle ; feels rather greasy ; specific gravity 2*63. Its consti- 
tuents are, carbonate of calcium, with three per cent, of oxide of manganese. It occurs 
in primitive limestone, in metalliferous beds, and in veins. It is found in Glentilt ; 
in As^nt ; in Cornwall ; and near Granard in Ireland. 

Aphrite (i. 349). 

^10. Lucullite;of which there are three kinds — compact, prismatic, and foliated. 

a. Compact lucullite is subdinded into common or black marble ; and stinkstone. 

o. The eammon compact. Colour greyish-black ; massive ; glimmering; fracture fine- 
grained, uneven ; opaque ; semi-hard ; streak dark ash-grey ; brittle ; specific ^vity 3. 
When two pieces are rubbed together, a fetid urinous odour is exhaled, which is in- 
creased by breathing on them. It burns white, but forms a black-coloured mass with 
sulphuric acid. Its constituents are, lime 53*38, carbonic acid 41*5, carbon 0*75, mag- 
nesia and oxide of manganese 0*12, oxide of iron 0*26, silica 1*13, sulphur 0 25, 
chloride and sulphate of potassium with water 2*62 (John). It is said to occur in beds 
in primitive ana older secondary rocks. Hills of this mineral occur in the district of 
Assynt in Sutherland. Varieties of it are met with in Derbyshire ; at Kilkenny ; in 
the counties of Cork and Galway. It is the Nero antico of the Italians. 

3 . Stinkstone or Swinestone. Colour white of many shades, cream-yellow, 
black, and brown ; massive, disseminated, and in distinct granular concretions ; dull; 
fracture splintery ; opaque ; semi-hard ; streak greyish-white ; emits a fetid odour on 
friction ; brittle ; speoific gravity 2*7. The same chemical characters as the preceding, i 
Its constituents are, 88 carbonate of calcium, 4*13 silica, 3*1 alumina, 1*47 oxide of 
iron, 0*58 oxide of manganesfj, 0*30 carbon, 0*58 lime ; sulphur, alkali, salt, water, 2*20 
(John)- It occurs in beds, in secondary limestone, alternating occasionally widi 
secondary gypsum and beds of clay. It is found in the vicinity of North Berwick 
resting on red sandstone, and in the parish of Kirbean in Galloway. It is employed 
for burning into lime. 

b. Prismatic lucullite. Colours black, grey, and brown ; massive, in balls, and in 

distinct concretions; external surface sgUfetimes streaked, internal lustre shining, 
cleavage threefold; translucent on the semi-hard; streak grey; brittle ; when 

rubbed it emits a strongly fetid urinous >n^eli ; specific gravity 2*67. When its powder 
is boiled in water, it gives out a transient hepatic odour. The water becomes slightly 
alkaline. It dissolves with effervescence in hydrochloric acid, leaving a charcoaly re- 
siduum. Its constituents resemble those of the preceding. It occurs in balls, m 
brown dolomite, at Building-hill near Sunderland. It was at one time called maan- 


porxie. . . 

<?. Foliated or sparry lucullite. Colours white, grey, and black ; massive; disseminatea 
and crystallised in acute six-sided pyramids ; internal lustre glimmering ; fragments 
rhomboidal; translucent; semi- hard; britUe^i emits on friction a unnous siiiel » 
specific gravity 2 * 65 . In other respects similar to the preceding. It is found in veins 
at Andreasberg in the Hartz. 

ll. Marl ; of which there are two kinds, earthy and compact EartJ^ * 

' grey jQplour ; consists of fine dusty ^particles, feebly .ed||||tog do&p soils ®Bghtly» 

• acids; and emits a urinoiiit-in||iMm-w first j|iig 

oqpi^uuents are, ^bonate of cifeum, with a little sUicaji^d bttiiiifen. It ocenm 
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UMETTIC ACID -LIKIN; 


, k-di in the secondary limestone and gypsum formations in Thuringia and MttnsMd. 
marf has a gwy colour ; is massive vesicular, or in flattened halls ; contains 
fVSctiens: dull; fracture eartjiy, but in the large masses slaty ; yields to the nail; 
^ nue- streak greyish-white; brittle; feds meagre; sptK-iflc gravity 24. .It inth- 
Ju 5 <rbefore the blowpipe, and melts into a greenish-black slag. It effervesces with 
constituents are, carbonate of calcium 50, silica 12; alumiim 32, iron and 
Il^de of manganese i (Kirwanh It occurs in beds in the secondary floetz limestone.^ 
It is frequent in the coal-formations of Scotland and England. 

12 Bituminous marl-slate. Colour greyish-black ; massive, and frequently with 
itnnressionlirf fishes and plants ; lustre glistening ; fracture slaty; opaque; shining 
Hti*eak • soft; sectile ; frangible ; specific gravity 2*66. It is said to be carbonate of 
ealcium with allmmin, iron, and bitumen. It occurs ill floetz limestone. It trequontly 
Liitaiufl cupreous minerals, petrified flshe.s, and fo.ssil remains of cryplogarnons plants. 
It abomids in the Harlz. (Jameson.) 

XiXMSTTlC ACXI>. C*’IPO‘ (H. Vohl, N. Ber. Areh. Ixxiv. 10). - An acid 
produced, together with formic and acetic acids, by treating oil of lime, or oil of ros^- 
marv with acid chromate of potassium and sulphuric acid. As soon as the action is 
linished, the liquid is diluted with water, and the limettie acid, wliidi separati's as a 
resin is washed and purified by repeated solution in i«iueons carbonate of |)oliissiuiu, 
precipitation with nitric acid, and recrystallisation from aleoliol. 

Limettie acid is white, crystalline; volatilises when heated, and fonns a crystalline 
deiiosit on cold bodies. It has neither taste nor smell ; ilissolves sparingly in watcr^ 

' C"H«Ag‘0‘, obtained by adding nitrate of silver to the acid neu- 

tralised with ammonia, forms a powder sparingly solulde in water and blackening ^ 
vx^tosure to light. 

UMOSfXV- The bitter principle contained in tlie in|>s id oranges and lemons. 
It forms small, bitter crystals, sparingly solulile in wat*T, efin'r, and ammonia; caHily 
in alcohol, acetic acid, and potash ; from the polasli-solution it is precipifated l>y acidH. 
Sulphuric acid dissolves it, forming a red liquid, from wineli the hmoniii is preejpilated 
hv water. Nitric acid dissolves it witliout alteration. It melts at 121'\ and holidifies 
to an amorphous mass on cooling. According to S<*hmi<lt’s analysis (culeiilated witll 
I lie old atomic weight of carbon), it contains (hro l 

li 32— 6 49 hydrogen, whence Schmidt detlneed the tonnnla ( ‘ U O . (Bern ays, 
Ihichners Hep. [3j xxi. 30G.— Schmidt, Ann. Ch. Hlnrnn. li. 338.) 

XXMOKXTS. Jirouui llfPVUltiti. Hydrous oj Inni (See IttON, OXID18 

OK, p. 3^0.) 

XiXXrARXTB, BbSO'.CuH'O^ Cupreous SulphutroJ Uad. Cuprrou/t AutjMr, 
Tllnlasur. Kupferhleispath.---Oi.rm's in crystals belonging to tlie monoelmie Hystem. 
Specific gravity 5-2-.ro. Hardness 2-5-3. Lustre vitreous or adamantine. Colour 
deep azure-blue. Streak pale blue. JVaiisluceiit. Fractureconchoid.il. Analysis hy 
Brooke, 75*4 sulphate of leivd, 180 oxide of copper, 4-7 WiHcr = ; 

7 4-8 sulphate of lead, 1 9-7 oxide of copper, and 5 5 water. It occurs at 
at Roughten Gill in Cumberland, in crystals sometimes an inch ong; at 
.'<l>ain, and near Ems. It occurs altered to emisite, a change like that of 
cerusite. (Brooke, Ann. Phil. [2] iv. 1 1 7.-Thoni8on, Phil. Mag. 1840 ; see p. 402.- 

Dana, ii. 391.) 

XiXWCOXiSrXTB. See STiimiTE. 

X.XXr2>ACXBUTB. A mineral consisting of nrsenite of copper with basic sul- 
phateof nickel, and water ; and containing, aironling to Li n d ae * e r J A 
k. K. Oeol. R;ich». iv. fi.52), 28 o8 A.-O* «14 .SO'. 

Water («99'73), agreeing nearly with the formula n(.\s ) ) • ' * , 

SpecifieV^^'-ity 2^2*5. ^Hardness 2-2'5. Lmstre vitrcfuis. ‘ 
apple-greeu. Streak pale green to white. Itdissolves alter longer heating in hydro- 
chloric acid. (Dana, ii. 500.) 

limxr. A crystallisablc substance fromlirium cathurfirum 
Ch. Pharm. xl. 322.-Handw. d. Chain, iv. 924). According to C- Schroder (N 
Kepert. Pharm. x. 1 1 ), the best imxle of preparing it m to digest a 
of the planuwith dilate milk of lime ; mix the filUwl yellow li.mid *l‘‘> 

acid, w^ieh forme «precipH»te »mBiningBU*pe_nded in the liquid ; 

and leave the limn to ^ ethereal eolntion. It torme email wWt# 


cryetale, baiiiig a eUky Iw^llWTler than water, di^lnn^? veK epanngly ig t^ . 
very easilyta^whol uJ^w.^ewhat leee ei^ly fti awtic acid and in chlotpf^ . 
Tlie aqwoni eolntioD tastaa alcoholic eolution mtonecljr and pereiKdl 
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bi&OT. Llnin mdt* and decomposes when heated. It |^Tes b|. a^ris 62-»» per 
cent carbon and 4-72 hydrogen ; do«s not eyohe ammonia wh«h boded with mdk of 

liye.' ■ 

XiXWStiBXTB* Native sulpkide of cobalt. 

AOXH. Papavcroleic acid. 7VocX?«wc»/«aMr<?.— C'*H**0*. (Pelouze 
W Boudet, Ann. Ch. Pliye. [2] lix. 43.-Lanrent, iUd. Ixv.JSfta^ 2^-^iebig, 
^n Ch Pharm. xxxiii. n3.-Sacc,iiid. li. 214.— Schnler »6id.ci.26ai— ^G.Oude- 
manns, Jun. Sch.-ik. Ondereoek. i.Stuk. 184.-Gm. xT.. 306 .-An odyacid oc^ng 
in linseed and p<n)t>y oi Is, and perhaps also in other drying oils. To prej^ it Imswd 
oil (or poppy oil) is saponified^ and the soap purified by repealed salting out after 
which it is dissolved in a large quantity of water, and thrown down by an excess of 
chloride of calcium. The precipitated calcium-salt is washed, pressed, and dipsted 
in ether whidi dissolves out the linoleate of calcium, and leaves the salts of tlft solid 
fhtty acids umlissolved. The ethereal solution is decomposed by cold hydrochloric 
acid hereby the linoleic acid is separated, and remains dissolved in the ether; the 
solution is drawn off, and the ether distilled at as low a temperature a^ possible, in a 
stream of hydrogen. Tlicre then remains dark-yellow linoleic acid, »8 dissolv^ 

in alcohol, and precipitated by ammonia and chloride of barium. The barium-salt, 
after being washed and pressed, is dissolved in ether, and the warts and ^nul^, 
'gradually formed in the solution, are repeatedly recrystallised from ether, brom the 
barium-salt the acid is separated by agitating with ether and hydrochloric acid, 
pipetting off t he ethereal layer of liquid, and distilling off the ether ; it w dried in a 
vacuum over oil of vitriol and a mixture of lime and sulphate of iron (Schuler). A 
similar method is employed by Oudemaiins, who, however, prefers precipi^ting the 
Ktioleato of sodium by chloride of calcium in a strongly aramoniacal solution, bacc 
Sgests linseed oil with oxide of lead and water, at a gentle heat; exhausts the pale-grey 
greasy soap with ether, which leaves margarate (palmitate according to Schuler) and 
a little basic linoleate of lead undissolved ; evaporates the etlieroal solution ; and 
decomposes the residue with hydrochloric acid. Tlie acid thus obtained is washed with 
boiling water, dis.solved in ether, and recovered by evaporating the solution. Ur he 
decomposes the lead-salt with sulphydric acid, and extracts the linoleic acid with 

Linoleic acid is a faint-yellow, limpid oil, of specific gravity 0-9206 at 
140 having a high refractive power, and a weak acid reaction. It does not solidify at 
18^’; tastes mild at first, afterwards harsh (Schuler). It is more limpid than poppy 
oil (Dude in aims). It is insoluble in water, but dissolves readily in dher, less easily 

Decompositions— \. On standing in the air for ten weeks, the acid absorbs 2 per 
cent oxygen, and becomes viscid and tough (Schuler). It takes up more oxygen the 
fresher it is, and thickens, so that at last it will scarcely flow, but remains colourless, 
and does not evolve carbonic acid (Oudemanns). A thin hiycr on wood exceed to 
the air forms a varnish; on glass it only becomes tough (Schuler). Linoleate of 
potassium or sodium, containing an excess of alkali, exposed in the finely divided state 
to tlio air, absorbs oxygen greedily, and becomes yellow and dry ; it then dissolves 111 
water with dark brown-red colour, and deposits, on addition of hydrochloric acid, a 
brown greasy resin, similar to that produc<‘d by t lie action of nitric acid(Sacc).~ 
2 By distillation, products are formed, different from thewe yielded by oleic acid 
(Laurent).— 3. With nitric acid, the acid swells up considembly, and ^elds a pasy 
resin, suberic acid, and a little oxalic acid, the l^t probably denved ^m adhering 
ether (Sacc). Nitrous acid and mercurous mtrijti do not form elaidic acid with liiiolen 
acid. (Pelouze and Boudet; Laurent. ;«chliler ; Oudemanns.) 

Linolcates. — The mono-acid salts are di^cplt to obtain pure, and generally contain 
too small a proportion of base, on account' of their easy conversion into sa'tf 
(Schuler, Oudemanns). They arc white, for the most part uncrystdlisable, and 
separate frem their hot solutions in flakes; by spontaneous eraporation they are 
obtained in the form of a jolly. When exposed to the air, they become coloured and 
odorous. They are soluble in alcohol and ether. (Oudemanns.) 

Sarium-sait . — The salt produced by mixing chloride of biinum with the acid to which 
a Ifttae excess of ammonia has been added, contains a portion of biryta, varying from 
1204 to 24 percent. 23-46 per cent. BaO). It is white; separates from 

alcohol on co(ding in microscopic crystals, and from ether on spontaneous evapo^tion. 
In mow distinct crystals. When exposed to the airj^or wW kept, and alw on 
with alcohol, it becomes yellow and sticky. It (BssolTes very easily m ether, 
• I** SMiljinidooliol; and is insoluble in water. (Oudemanns.) 

resembles the barium-salt. It was only once obtained of the com- 
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poritiP" (coijtoining 9 72 per cent. GaO). and mostly eontaineff a'lO^er 

“d nearly so in a»^ 

dissolves i Urge quantity of oxide of and forms v 

i*/i Yklftiitinv like mass • with h sinallor quantity of oxide of load it * 

OTPOBure to the kir, remains for a long time gressy, and of ^ 
thick The ethereal solution of the lead-salt beco* 

a„d^^^ a white basic salt, upon which m add, 

tpMised dW g ... ■ ’de™,it<.d • this last smells like linseed-oil, and shows a 

» . i » >» «» x :. r “■ 

iS of lead do^ not form a varnish, but strips off in scales. (. ac . ) 

from the sodinm-Halt, a white precipitate. 

l§SX wi?h te TormuU ;;0.-H‘'NaOr(;-H" ’ 

cent.’NaH).' 

The aitu;-sa/< is insoluble ui water. -rt. rMlowinir 

XiXVSBaD. The seed of the flax plant {/.(«»« The following 

anSyses of it are given by Wa y (Journ. Koy. Agr. Sia-. x. pt. 1.) . 


Composition of Lin.urtl . 


From Riga 
„ Memel . 

„ the Black Sea 
English, 1847 

1848 


Nitrogen, 

Fat, 

A»h, 

per cent. 

per rent. 

per rt*nt 

. 3*60 

31*70 

6-26 

. 3*33 

36 00 

3-66 

. 3*31 

38*42 

6 64 

. 4*60 

36-66 

2*68 

. 6*28 

32*77 

3-30 

. 4*25 

3.3-60 

4-08 

. 4-20 

38-11 

4-03 


Water. 
p»>r cent# 

9*46 

8*74 

10*22 

12*83 

11*00 

10*68 

8*67 


33 saniples’of oU-cake, obtained by expressing the lixed fTioln'-M r^oen’t". 
vaLs co'untriee, exhibited an amount of "e"t fatef f"^^ 

The ra^^’oralblimms, siibsnm^ cakulateil from that of the 


irtrge7v;s;;^n‘.he,?:n:n^e:^ 

Mru^^l'n (J. Pharm. [3] xx 96) has analyse.1 the several parts of linseed with the 
following resulu: . 

Soft resin and fixed oil 
i Water . . • • 


Episperm 21 

I iUailW llimraui/*' ••• 

/Soft resin and fixed oil 

Endosperm 2 J ^ flatter soluble ui water 

(Matter insoluble in water and in 
Fixed oil . 

Water 

Matter soluble in water 
Matter insoluble in "water aii<l in 


etli»T . 

• • • 

» * • 

ether . 


ether. 



14 

1 

2 

4 

6 

2 

8 

12 

30 

6 

3 

18 

100 


Fot analysis of the ash of linseed, see Fi.ax(ii. 667^^^ deposited in tto 






^ fixed o^ expreaeed from the eeed8>^s&aM;ii^y^/;.. • 

ITof the dm of oils tailed dryinif'ofi/ST^^ 

«ed to thtf*»ii. to » i^nspareot reibou^St^Si^ 
CT^probabiv all resemble linsaAil oil in ®ass. 


withpalmitin (and porhaps stearin), by the tnirj^ff proportions of whinti^A 
«re itermined. in the impure state. 

he®e Tt*''' “ M P™ipl« possessed of tested ^ “Ibumin, 

oil of fresh linseed is pale vellow Mnd *nni-hrtn ai ^ n. » i 
m cominoroial oil is dark yeUow. and'^hS Vslil™ 1“*'®' 

, .Sffedi^vity at 130 = 0-9347 (Schiiler, Seh^toTo^t^n 
1869, p. 701); other statements vary between ()-928 and 0-953 
. 120 = 0-9395; at a5» = 0-931 ; at 50 ° J 

‘f (Sausstire). It does riotWwify at - ISOtol 

• Lid fat^ iso"^ 7t ^ .<^'■““’1'®): according to Schfilerfit deposits^ a little 

78-11 per cent, C, 10-98 H and 10-93 O 
i ™®^®®bl-drawn oil contains, on an average, 7617 per cent C 10-08 R »n0 

, ld-85 0, eorrespondmp: to the formula C'»1P«0» (Loforn a ^ 

CDiePhys [2] xiii. im.) (Se^^Sfaussure’s analysis, 

‘ COotaius raar^arin (palmitin, nccordiriff to .Sehiilpr- « a- 

■ynyerdorbon), and a giyc-ridc of liiioleic aeid^(Sacc) Iiy’sa,^Sion“ii^'"^li“ 
,S,th mar^rate, and -‘'.ibs linok-al,- of lead ((InLrZ Ka^tS. «o\ 

Lmseed Oil exposed to sunshine for some weeks, in contact with an -innoniia val, t’ 

of iron, lioconies limpid and eolour/ess Exposed 

' “K-air .ill, 

..L ifSi:?' 

ijdrochlonc acid and (-xlinnsting the residue with ether, a white mass of the 

air. lliore remains beliind resinous linseed oil in fho fnr.n r.f ii . 1 ‘ 

rale mass, wbicli is insoluble in alcohol ether vol-itile nnd fiv 1 ^*1 * conglonie- 

I'^rd'rSsX.I: in'L:sti:%si: 

I^npuro oil, contuininp; mucus or aUmniin, becomes rancid in tl»n mV T>a/a..x * ii 


.„0 ♦!*"*** fi*'®'’ ."’**■ poppy oil), heated to alioiit 323=-3760 e 

and bums quietly, without further lieatiiig from without, till tar or chai^al rcmifn^ 
""'’'■*';'l'h'<i hy closing tlic vessel, there remains a hrowii tiirneiitine- 
,me Ix^y which may he used us Urd/imr. When thi.s .substance is llled J^n 
y.i^^aly y,|, „ ter containing nitric iwid (water bfiiig added to prevo^i the^.m 
■ ^ * T- “" uorolf* is constantly evolved, an^ the 


IniUMttiiry^W-^ fises « • — r inuia-rubo^r, and no 

I 1*1 not comj^letely fhsible, dissobes to an 

^ ^ of carbon, shrinks when boiled with concentrated caustic 

S^il^Th?! ^ addiUon of water, and is again precipitated from the soln^n 
soluble in alcoholic potash and precipitable by aci^it 
> ^ t. from alcohol, and partly dissolves in a larger quantityof^ber * 
on" of solution In rockoil it swells wdhout dii^g; 
of turpentine, but dissolves completely in a larger quan^, and 
^'^‘Jponition. Linseed and nut oils yield eight or ten ti^ as 
* »“hst»nce ae poppy oU (Jonae, N. ii. Arch, xlvl 169; 

■ Linseed oil submitted to drtj diximufthm 


V Iineeed oil robmitted to dry dittmiMlm givea off withont boiling 
tfhieh condense to a colourless oil, hay^ m odour of bread ; pn the dist^ 






these A""" 

n^iinlL 
" (Saco.) 

cooling 
m^eight wf ^ . 
(f!ee 


■ r- .^Vi''-’-^"' ’"-* ^ ■' ■*'■" '"■ ■■ "■' ’• 


ignpe 4o boil) cxphn^e* en^ m 

a.n^ase reaoiubling joUy 



^ In with oolbur, 

hente, the oil takes op, with ^volutioiiw?of solphy^ ^ 

■ttlSns therewith h brown ^cidjnow: fatty bakam A 

Rjinsoh. Jpr.C..^ 

xIKM i it ^^n 6 }ves 

/.yMVi^%herebir it is rendfe^ heavier, ptecipitable by Oil of vitnol and bydrt 

andlXiUkble by aftallB (W. tfeDry. Schw. J. ii. 636), Photp^^^A^ 
with linseed acouJif'S e scarlet colour (Roinsch. J, pr. Chein. xiv.267), Heatdd 
J^rito ^ei^^Wphorus to tK the oil becomes brown-blj^k, end after 
insoIoWe in linseed oil; 4th phospho^ forms • 
thi» to, which. imijtes with the dryiiif? oila ( J o n as, N. Br. Arch. Ixx. 1^. 

When linseed oil is heated with 4nl iodine, there, oyer, hrst 
enipyreumatie oil coloured brown by iodine; iifteiwsrds ’^“,1”“" 

aciS^ar^volved, followed by a thick yollowisli oil, and at last ohaicoal,;0«hpp^ .j 
iodine, remains. (Roinsch. J. pr. Choiu. xlv. 26:i.> 

nominated Unieed oil is obtained by drenching the oil with 8 or 1<> M 
wafoThcati^ it to between fil)° and 80“ and adding bromine by drop® »s " ‘K. 
TOlour disappears, removing the excess of bromine, if necessary, by fhrthte 
«iL The Deduct U then washed *ith warm water and dissolved m .rthcrjlgt 
t^ntion m sliak^up with warm water, and the bromiiiated oil thns 
is dried at 120“. It is brown, smells like linseed oil when heated, has a 
m onea ‘ ^ .n.77 bromine, corresponding to «fo 


L^^of V345 at U S®, and contains 40 77 per cent , bromine, corresponding to « 
ftkwnula C‘*Br*fl'"0*. Chlorinated linseed otl, propart>d in 

Avsusuw .... t.nOQ «-AO o,-,H tmr 


formula C“Br*H“Ob VMortnaua imsrraon, picpur.'d in like "• 

Sc Huid, of specific graritv 1 088 at 6-6“, and contains 22 62 per cent. chl^« 
rf!nCli*H-“0“l. (Lefort, J. 1‘liarm. [3] xxm. 343.) ■■ . ... j rl,,.'. r 

^ On mixing fwm 15 to 25 pts. cAlirido of eutfhur lO® P'“' 

eaontchouc-like tirodiicls are obtained, which are llio harder the more cMori^ 
* they coiS, and are not attacked by moderately diliite 
idkalis but arc ultimately saponified by concentrated alkalis. J liey become ” 

r;t,3":."iS i).:;; "‘;sr::r .ti ;;.rr "r 

With {ih iU volume of syrupy oil becomes brownish-yoUow 

1 i vtMof nn<1 black, and evolvcs pulphurouH and toriuic acidsj and 

the temperature rises to 75°. ^ '^I’inseeil, hemp, mid ivippy t^sttlll. . 

Linseed “■'./•‘'‘n «;;;*■ m. addition of K,.lphuric t - 

In'oCn" "“rrigo^msi; sIua". mix.nreof linse.sl od will, 

"tLi^ oil a sliJ^l ^iment is formed, with 

^ly remaining), with formation of ^ttb«ric and pimchc acids and a volatil# 
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fatty BnlBt&nce baring the Moar of butyric acid (Sac:6);~T^WitIi m^rous 
oil does not form daidic add. (Pelouze and Boudet) ^ ^ ^ 

In contact with aqueous amutonitt and alcohol, it is ^attaclred wftl^ HJifficwIfy, and ^ 
yields a email quantity of warty crystals of an amide wfafeb" molts at 1 at 
97®^ aiK^dissolvcs easily in alcohol ; it contains, on an average, 75*25 p^ cent,, G, 13 02 
H, and 0*03 N, and has therefore the comjwsition of margaraoiide, witii which it is 
identical. (Kowney, J. pr. Chem. Ixvii. 159.) 

Linseed oil yields, with alkalis, a very soft soap. On heating with Jth its volume 
of caustic soda of specific gravity 1*34, it turns yellow and remains fluid (Calvert). 

By distillation with an^xcess of alkali, it evolves hydrogen, together with a fishy odour, 
and yields a green distillate. (Al. Miiller, Handworterh., vi. 874.) 

Potassium &\\d sodium oxidise in linseed oil somewhat more quickly than in volatile 
oils, with formation of soap. (Gay-Lussac and Th^nard.) 

Linseed oil is oxidised with peculiar facility by acid chromate of potassium Siid 
dilute sulphuric acid, and yields an acid, strongly-smelling distillate. (Arzbach^r, 

Ann. Ch. Pharra. Ixxiii. 199.) 

It dissolves oxide of lead when heated, and is decolorised thereby and rendered more 
ejisily drying, forming what is called boiled oil (see Liebig, Ann. Ch. Pbarm. xxxiii. 

IB); W. Henry, Scher. J. ii. 636; Schindler, N. Br. Arch. xli. 146; Varrentrapp 
Handworterh. iii. 123). When shaken with basic acetate of lead and left at it 
throws down a turbid mucus containing oxide of lead, above which is a yellow gar- 
nish containing 4 or 5 per cent, oxide of lead. Exposed to the sun in contact with 
mercuric oxide, it reduces the mercury to a liquid mass (Fuchs, Ann. Ch. Pharm. 

XX. 200); partial reduction takes place in strong sunshine, the oxide becoming blackisV ^ 
grey; but it is only when heat is applied, that a small quantity of metal is obtained. 

(Ann. Ch. Pharm. xx. 200.) 

Linseed oil dissolves, according to Bucholz, in about 5 pts. of Ixjiling and 40 * 

of cold alcohol; according to Brandes (Gilb. Ann. xliv. 289), in 32 pts. alcohol of 
^specific gravity 0 82 and in 1*6 pt. ether. 

UFAKZTS. Syn. with Fluor spar (ii. 677). ^ 

liZPZC ACZO. = C^H«0‘ .IPO according to Laurent (Ann. 

Phys. Ixvi. 169); C'lPO* according to Wirz (Ann. Ch. Pharm. cv. 257); the lattetf <(f 
formula places it among the honiologues of oxalic acid, included in the general formuljL' ' ' 
(jnj£?n— jQi discovcred by Laurent, is produced, together with piraolic,.e«t*^ 

beric, adipic, and other acids, by the action of nitric acid upon oleic, stearic, orpalmt^ 
acid, and is contained in the mother-liquor which renjuins ufler the pimelic and . 

acids have been separated. 

The best mode of preparing it, is to heat oleic aci<l in a retort for about 12 houTO 
with an equal weight of nitric acid of ordinary .strcngtii, then add fresh nitric acid, apd 
repeat the operation four or five tiines. The united solutions are then to bcovapbrati^ 
to a fourth of their bulk, and the eoncentrated liquid left at rest, till pimelic and 
^ beric acids crystallise out. The remainder of the nitric acid must then be removed firPid ' 

^tbe mother-liquor by evaporation as completely as possible, taking cJire that the mUM 
does not blacken from too great concentration ; the crystals which separate from i|j* 
consisting of adipic and lipic acids, arc dried and dissolved in hot ether, which leaves 
a few brown impurities uiiclissolved ; the solution is left to evaporate to half its buUCr ' 
and the liquid which covers the crystals is evajwrated. The two products thus obtained: 
by evaporating the ether are separately di.ssolved in boiling alcoiiol, and the solutions ‘ 
are left to evaporate in the air. By repeating these operations si^veral times, twoaciidb 
are obtained, viz. adipic acid crystallised in rounded tuberculous aggregated gra^nSj^ 
and lipic acid in slightly elongated laminre (Laurent), in translucent crusts mad«g^„ 
of nodular groups of small prisms. (Wirz.) / ^ 

Lipic acid is moderately soluble in cold tcfl^rr.>*.When a few grains of it are , 

" on a watch-glass, till partial fusion takes placej the acid crystallises on cooUng til ' 

fibrous mass, while a portion volatilises and condenses on the non-melted maM in 
beautiful needles having the form of prisms with rectangular base. :/’> 

The acid crystallised from water, contains 1 at. water, which it loses by sublif^ioo* ^ 
the anhydrous acid then condensing in long shining needles (Wirz). Its vaj^r SW % 
very suffocating and excites coughing. When deprived of its water of 'Crystallisation* 
it does not melt below 140° or 145® (Laurent) ; according to Wirz it melU at 14^* 

It is very soluble in alcohol and ether. h . -4 

Lipic acid is dibasic, the formula of its s Its being C*n*M-0*, which is 


"m: 


that of the itaconates (Laurent); (Wirz). The salts when 


sulphuric acid give off lipic acid. ^ 

The ammonium-salt crj'stallises in long prisms (Laurent). — 
separates after a while from a mixed solution of chloride of barium and of am- 


DIFFUSION OF. 705 

, in oaadratic pri^ passing into the octah^n (Lauren^Tha 
weowitafed in like manner in square-based prisms, containing, larding to 
The cupric salt, C‘H'Cu' 0 *, is obtained, by toiling cupno 
csrtonatoTrith the »e>d, ih green crystalline scale^ which may lx freed from ^heM^ 

?Lauren 0 r^W*A^O‘ P™“‘ 

' “rta 7"i'l “ 

='’r.sxr”s ^.5 X if 

on oleic acid, has arrived at the same conclusion. He prepar^ the acids J>y , 

^•ess abwe described, from oleic acid obtained by saponiflcation of the ^ 

&in.«iL The yellow solution obtaiii.-d by nvaimrating tlio ' l^^m" 

§ wat« yielde .1 a granular powder, whieh, after repeabsl crystallisation, m«hed at 1 27 , 
ww’^d to insist of suberic acid mixed with anotlier acid which 

^her, and pmved to be azelaic acid (p. 672 ) ; the same acid was also 

TX^flltllHiliuldicle, C>I 1 ‘, supimsed by Berxelius ' 

Xdy^orttotoatrmt E^'Xs, ii. 619 , and OnvCB- 

^ This term is applied to bodies in that peculiar slate of «gK” 8 »‘*°'b *"■ 

winder which is ' ^^e ’ • ggregatiou havo been already eon- 

«uDD 08 ed to Rive nso to thi 8 particular st.iu m h 

coLection with the dynamical theory of he at (p. U.i). 


I HUl tSJ Iio-uiis-caa e 

X,ZOVXl»AMBA.R. A balsam ptodiieed from a laiTfe tree (hiqiMmlfat ttyram- 

'■■pdoututoZroni^id storax, blit’ >"<>"; ,’t“„ZZr ermmmic'‘!^id.‘'"nn 

reside, and the filtered liquul ''«‘”"';;^ *"^Zr’frZ'!he opaque deposit above men- 
S»ft or White P™;’Z?el ' W .Z7!he steiu of the tree, and 

jtioned, or from parts of the bal am ^ consistence of very Ihiek turpentine or 
jthichened by exposuro to k • ita odour ia Icaa atronR and mom agreeable tlian 

■y pitch; it !^"PX:.Zon«i' ttie ariTmatZbut irritating:" It c.nty 

that of the oil just mentioned . tas , expoaure to the air it aolidiHw* 

WhJtr Peru halsam. (Gerh., iv. 38G.) 

^ ^ ATt whpn two liquidH of difhirent donaity, and 

UQVZBS. BirFMXOW OF. 

capable of mixing, are placed in coiitac , tho^partieh-M of tlm liqui<l are less 

i (fttne manner as hetween gases, except • j . j The phenomena of 

* ' Wlv mobile tlmn those of tlie gas, the J,ic„l „.,nc» of 

1802, alao in tho 

_5to;.;al of the Chemu-al Society, ”*• -.'yr'Ki^u. «rmn;i''eiTr WilZ 

'Mnlmtiona to the nubject havo alao been maao uy i it , 

■ ^fliS varies with th« »*•>-- 

' ' Hitfcease of solutions, with tho ” ‘’"qq,,, apparatus iisisl in Graham's first scries 

, JDUtasloi. of Bisltoe "‘f equal capacity, east in the si^s 

of simerimentH ronsiy of a P J unifom sixo of apiTlure. Tho phials 
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sks. t»rm “ fluid ” Hi srncmymofi* with llqnio ; inu 

Sljfthe l^?eiatiTe of and incliJ^fi* liquid and gai. 


rmoui with tIsuM 1 but thi. l« Incorrect l jMd ie, prs" 
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The diffusion-phial was filled with the saline solution, sal-ammoniac for instance, to 

the base of the neck, or more correctly to a distance of 0'5 inch from the ground 

7ft8 surface of the lip. The neck of the phial was then filled up with 
/u». distilled water, a light float being first placed on the surfoce of 

B the solution, and care being taken to avoid agitation. After 
the phial had been placed within the jar, water was poured into 

the jar, so as to cover the open phial to the depth of an inch, 
which required about 20 ounces of water. The saline liquid in 
the phial is thus allowed to communicate freely with the water 
in the jar. The diffusion is interrupted by placing a small plate 
of ground ^lass on the mouth of the phial, and raising the latter 
out of the jar. The amount of salt diffused, called the diffu- 
sion-product, or diffusate, is ascertained by evaporating the 
water in the jar to dryness, or, in the case of chlon^es, bv pr%- 
cipitating with nitrate of silver. 

The resets of several series of experiments made in this manner 
are given in the following table, the second column of which gives 
the quantity of salt in 100 pts. of the solution, one per cent, of salt amounting to 
20'8 grains; the third, the time of diffusion; the fourth, the temperature, on the 

Fahrenheit scale ; the fifth, the quantity of salt diffused in grains : 

Table I. — Diffusion of Saline Solutions. 
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Substance. 


AceUte of lead 
Chloride of barium 


Chloride of strontium . 


Chloride of calcium 


Chloride of manganese 
Nitrate of magnesium 
Nitrate of copper . 
Chloride of zinc 
Chloride of magnesium 
Cupric chloride 
Ferrous chloride 


Sulphate of magnesium . . - 

Sulphate of zinc . , • < 

Sulphate of aluminium . . | 

Nitrate of silver . . . | 

Nitrate of sodium . . • | 

Chloride of sodium 

Iodide of sodium . 

Bromide of sodium 
Chloride of potassium . 

Bromide of potMsium 
Iodide of potassium 
Chloride of ammonium . 

Bicarbonate of potassium . - 

Bicarbonata of ammonium • ^ 


Per cent . 


1 

1 

2 

4 

8 

1 

2 

4 

8 

1 

2 

4 

8 

1 

1 

1 

1 

1 

I 

I 

1 
1 

2 
4 
8 
8 

10 

24 

1 

2 

4 

8 

8 

10 

24 

1 

2 

4 

8 

2 

4 

8 

2 

4 

8 

1 

2 

4 

8 

2 

2 

2 

2 

2 

2 

1 

1 

2 

4 

8 

1 

2 


Dave . 


1017 
8-67 
8-67 
8-67 
8-67 
8-57 
8*67 
8-67 
8*57 
11-43 
11-43 
11-43 
11-43 
11-43 
11-43 
11-43 
11-43 
11 43 
11-43 
11-43 
11-43 
10-17 
10-17 
10-17 
10 17 
16-17 
10-17 
16-17 
16-17 
16-17 
16-17 
16-17 
16-17 
16-17 
16-17 
16 17 
16-17 
16-17 
10 17 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 

6-716 

6-716 

6-716 

6716 

8*08 

8 08 
8*08 
8-08 
8-08 
8-08 


Fahr . 

Diflru»ate. I 

63-10 

7-84 

63-0 

6-32 

63-0 

12-07 

63-0 

23-96 

63-0 

46-92 

63-0 

6-09 

63-0 

11*66 

63-0 

23-66 

63-0 

44-46 

63-8 

7*92 

63-8 

1635 

63-8 

30-78 

63-8 

61-60 

60-8 

6-61 

60-8 

6*63 

60-8 

6-49 

60-8 

6-44 

60-8 

6-29 

60-8 

6-17 

60-8 

6-06 

63-6 

6-30 

66-4 

1 7*31 

66-4 

12-79 

66-4 1 

23-16 

66-4 

42-82 

62-8 

42*66 

62-8 

,76-06 

62-8 

1020> 

66-4 

6-67 

()6-4 

12-22 

06-4 

23-12 

66-4 

42-26 

62-8 

39-62 

62*8 

74*40 

62*8 

101-42 

66-4 

6*48 

66-4 

10-21 

66-4 

19-28 

66-4 

33-62 

63-4 

13-61 

63-4 

26 34 

63-4 

61-88 

63-4 

12-36 

63-4 

23-66 

63-4 

47-74 

63-4 

6*32 

63-4 

12-37 

63-4 

24-96 

63-4 

48-44 

63-4 

12-14 

69-8 

12-18 

69-8, 

12-14 

69-8 

12-21 

69-8 

12-46 

69-8 

12*61 

69-8 

6 99 

68-2 

7*23 

68-2 

14*06 

68-2 

26-72 

68-2 

62-01 

68-2 

6-91 

68-2 

13-66 
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Tablb I. — continwd. 


SubtUnce . 

Per cent. 

Days . 



Bicarbonate of amutioniam 

4 

8 

9-87 

9-87 

68-2° 

68-2 

27*00 

60*10 

- k :.. 

1 

987 

68*2 

7*31 

Bicarboxtili^ df sdlltim . 

2 

4 

9-87 

9-87 

68*2 

68*2 

13-81 

26-70 


8 

9-87 

68*2 

62*38 

/ 

1 

4-04 

63*3 

6*56 

JETydrate of potassium . . -| 

2 

4 

404 

404 

63*3 

63*3 

12*84 

25*04 

( 

8 

404 

63*3 

62*24. 


1 

4-95 

63*2 

6*81 

Hydrate of sodium 

2 

4 

4-95 

4-95 

63*2 

63-2 

11*09 

20*86 


8 

4-96 

63-2 

40*44 

1 

1 

8-08 

63 6 

6*13 

Carbonate of potassium . . J 

2 

4 

8-08 

8 08 

63*6 

63-6 

11*92 

22*88 

1 

8 

808 

63*6 

45*44 


1 

9*9 

63*4 

6*02 

Carbonate of sodium . . . 

2 

9*9 

63*4 

11*70 

4 

9*9 

63*4 

21*42 


8 

9-9 

63*4 

39*74 


1 

8-08 

60*2 

6*16 

Sulphate of potassium . . - 

2 

4 

8*08 

8-08 

60-2 

60*2 

11*60 

22*70 


8 

8-08 

60-2 

43*92 


1 

9-9 

59*9 

6*33 

Sulphate of sodium 

2 

4 

9*9 

9*9 

69-9 

59*9 

12*00 

21*96 


8 

9*9 

59*9 

41*38 

Sulphite of potassium 

2 

8*08 

59*5 

11*63 

Sulphite of sodium 

2 

9*9 

59*5 

11*83 

Hyposulphite of potassium 

2 

8*08 

59*7 

12*37 

Hyposulphite of sodium . 

2 

9*9 

59*9 

11*89 

Sulphovinate of potassium 

2 

8*08 

59*7 

12*60 

Sulphovinato of sodium . 

2 

9-9 

59-5 

1303 


1 

8-08 

59-9 

6*20 

Oxalate of potassium 

2 

8 08 

59-9 

12 17 

4 

8 08 

59-9 

2*4 


8 

8-08 

59-9 

42*82 

Oxalate of sodium . 

1 

9*9 

59*9 

6*24 


1 

8-08 

60-2 

0*44 

Acetate of potassium 

2 

4 

808 

808 

60-2 

60-2 

12*52 

23*44 


8 

8 08 

60-2 

47*26 


1 

9-9 

59-5 

6 67 

Acetate of sodium . . . . 

2 

. 9 9 

59-5 

12*46 

4 

9-9 

59 5 

25*04 


8 ; 

9-9 

59-5 

48*04 

Tartrate of potiissium 

2 

”• 808 

59*9 

10*96 

Tartrato of sodium 

2 

9-9 

69*5 

10*65 

Hydrochlomte of morphine . 

2 

11*43 

64 1 

11*60 

Hydrochlorate of strychnine . 

2 

11*43 

64*1 

11*49 


Those experiments, and a number of otliers made in a similar manner, lead to the 
following general conclusions : 

1. Different salts, in solutions of equal strength, diffuse unequally in equal times. 

2. With each salt, the rate of diffusion increases with the temperature, and at any 
given temperature, is proportionate to the strength of the solution, at least when the 
quantity of siilt dissolved does not exceed 4 or 5 per cent. 

Later experiments (Ohem. Soc. J. xv. 235) have shown that diffusion increa-ses at a 
higher, though not greatly higher, rate than the temperature, and that the more 
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m„Mv aMtorive the subetanee, the less does it win in difftasiTsneM hy rote of 
for hydrochloric acid the rate of diffiision was found to increase as 

follows. Diffiision at 15'65 C. (60° F.) ”1 

26-66 C. (80° F.) = 1-3645 
37-77 C. (100° F.) = 1-7782 , 

” 41-88 C. (1-20° !■.) - 2-1812 , 

-t There exist classes of equidiffusire substances which ooii^ae in »any eases 
-.h TheTsomorphous groups, but are, on the whole, more (»inpwhen.rtw than the 
rjter VhTZ sanufratl of diffusion is exhibited by hydroc5ilonc. hydrobroniu^ 
5^bvdri«Z Lid - by the chlorides, iodides, and bromides of the allcall-inetals; by 
the nCt orifarium. strontium, and calcium; the sulphates of magnesium and 

“ F^tveral groups of salts, it is found that the squares of the times of 
diffusion from solutions of tho same strength, stuiid to one anothij in a sim{>le 
n LSl roUtion. Thus, tho diffusate from a solution of mtrate of potassium in 
?Tavrwas equal to that obtained from an lajually strong solution °f 
* ♦ ^ ;’rixr» in 9-9 (lavs numbers which are to one another as 1 : a/ 2‘=» 1 414. ». imila 

"^^sTere obtoineVwith 2 per cent, soliilioiis of nitrate and siilpliate of potassium, 
Lni dXitesTtlieTwo being obtained in 3-5 and 4-«5 days, in 7 and 9-9 days and 
Tim a“ 85 days; also, uLli hydrate and nitrate of ,«itassinm, and wi ll nitrate 
and carWe of sodbim. The limL of ia,nal diffiision of 1 per cent, sobffions of 

Nt"aZ"oti:im^^ "elTii'Tl'bTX LimL s 7 tim- 

-"LTb" iXmiX,TotolZle“^^^^^^^^ tl^rthey exis’t ifi 
LXS iri luL tL7whiL areX one another ns the squares of the times of 
eXa diffXoT Thus the solution.d.nsitus of sulphate, nitmte, and hydrate of i«tas- 

“''iSJe LffhZn'*ora‘''saTt' i.ito the solution of another salt takes plac- with iiesrly the 

ii-lfilfllliilili 

proportion of nitrate of animonuim. llie ’ 1 , p „ l„ 

Lllum reduced the diffusion of carlKina e "'f «” J'-'' t, Ts inde^ 

already contains a portion ot tlu tlimi u • i- i j Hubstanco in a solution of 
the general question of <1;° motion of h^ ni-P™r» to 

unequal concentration. lh‘* gi'iieral 1. (/IfruHru from a 8 (ro 7 ig<‘r into a wraker 

be this T/IC vclocU,/ unlh vM.a MU 

solution. is propoM to f i'l a snift.-ieiit 

Slrau,. This law has not T* ' ' "i/^Vnt in iL ease of ehloride of sishiim. it 
LTtr'sCr.rbt;Xe experiments of Fick, (l-hil. Mag, [4] 

"■fiindrical glass tube, open at ™^:;.J"„V:d';irwi.H ‘Lai;" Z^wfli: 
filled with common salt, the cylindricu ^ ..nniratuH was then left to itself for 

immersed in a large jar containing wa e . JJI-^n^ ^ j „.„,,wed. 

several weeks, tho water 111 the jar .gm eontact with nndissolved 

Now, as the lowest stratum of liquid ju tho l ita, o n 

salt must a I, a certam iiormalLtate of diffusion will 

With pure wat^r, contains no salt , , . . (.haracterised by lb« 

nltimitely establish itself throughout the " ihe stratum 

condition, that each one be'low. When tlm 

immediately ateve it as m“°’‘ „ .gossive strata decrease from below upwards 

state is attained, the densities of d.croasc^ was verifl.sl experimentally by 

in arithmetical progression. ^ bulb susrM iid. d from the arm of a 

immersing in the liquid, a vanous (b pths, « ^ decrease, 

balance, and count oqxii.sed by weights in the oppositt s(ai(. 
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nowever, is true only with regard to cylindrical columns of liquid, or others, in which 
the horizontal section is of uniform magnitude. In other cases, the law of decrease of 
density may be calculated according to the form of the vertical section. In funnel- 
shaped tubes Fick has shown that the results of calculation agree with those of 
experiment. 

Now let K denote the quantity of salt which, in the normal state of diflhision, 
passes, in of time, through a unit of horizontal section of a cylindrical tube 

whoso is equal to the unit of length; this quantity is called tlio 

coeffiden^i^^o, let Q be the quantity of salt which, in tlio time i, flows from the 
mouth of the tube into tho water-atmosphere; h, the height of the tube; a, its 
hori^ntal section ; and d, the density of the liquid at the bottom ; then 

Q = K.d.-t. 

» 


Hence, with a tube of given dimensions, and a solution of known and eonstant 
density at the bottom, the diffusion^cofjfu-ient K, of any salt may be calculated fi’om 
tho quantity Q, diffused out in a given time. 

This method has been applied by Fick only in the case of chloride of sodium. It 
is, in fact, though simple in principle, somewhat inconvenient of application, on account 
of the long time— at least fourteen days— which must elapse before the normal state is 
attained. 

Anotlier method of determining the diffusion-coefficient of a salt has been devised by 
Jolly, and applied in several cases by Beilstein (Ann. Ch. IMiarin. xeix. 165). The 
apparatus used consists of a glass tube {fg. 709), about three inches 
long, bent round at the bottom, and cut off near the bend, so that the 
bivel of the orifice is not much more than a millinn'tre above the 
bottom of tho bend. Tho upper end of the tube is slightly drawn out 
and closed with a stopper. This tube is filled with a solution of known 
concentration, and fixed upright within a jar of water, tho orifice of 
tho tube being two or three lines below the level of tho water. Tho 
salt then immediately begins to diffuse into the water, and as the liquid 
near the orifice becomes diluted, it pusses round tlio bond to tho upi>er 
part of the tube, its place being supplied by morf; concentrated liquitl 
from above. With this apparatus, Beilstein has obfaim tl the follow- 
ing diffusion-coefficients (taking that of chloride of p<>iassium for unity), 
for solutions containing 4 percent, of .salt, and at the tcinperaturt! ot 
6*" C. (42-8° F.) 

Tahi.e II. — Dijfusion-cocffieien ts. 


Fig. 709. 



Chloride of potassium . I’OOOO 
Nitrate of potassium . 0'9487 

Chloride of sodium . . 0*8887 

Bichromate of pota.ssinm . 0*7543 

Carbonate of potassium . 0*7371 


Sulphate of potassium . 0*6087 
Carbonate of .sodium . . 0'5136 

Sulphate of sodium . . 0-5369 

Sulphate of magnesium . 0 3587 

Sulphate of copper . . 0*3410 


Beilstein infers from his experiments, that the nite of diffusion is not exactly 
proportional to tho difference of density of two contiguous strata, but increases in a 

Bomewhat greater ratio. . . , , 

Simmler and Wilde (Pogg. Ann. c. 217) i>rc of opinion that the want of agiee- 
ment of Ik'ilatein’s results with this law ari^ from a defect in the nnlhod of 
experimenting. Beilstein’s calculations, indeed, are based on the siqqiositiou that the 
strength of the solution in the tube {fig. 709), though constantly decreasing, is 
uniform at any in.stant of time throughout the entire length; whereas, a little <’on- 
eideration will show that the density near the orifice must be less than that in the 
larger arm of the tube, and in this arm less than near the bottom of the bend, where 
the liquid must stagnate to a certain extent. From this source of error. Pick’s modi' 
of observa t ion is free. Simmler and Wilde, however, propose other methods, easier 
of execution than Pick’s, and not subject to the necessity of waiting till the normal 
state of diffusion is established. One of the,se methods is similar to that miopted 
by Graham (p. 706), excepting that the vessel containing the solution is perfectly 
cylindrical, a condition which greatly simplifies the cidculations ; and, instead of being 
placed at the bottom of the water-jar, is supported on a stand, so as to bring its mouth 
within a line or two below the surface of the water ; the salt, as it diffuses out, is thus 
made to flow over the sides of the vessel and fall to the bottom, leaving an atmosphere 
of pure water aboTe. Another method proposed by the same authors is to pl^e the 
ialfne solution in a vessel haring the form of a triangular prism, aud determine the 
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variation of density at different depths below the surface by observation of the Indioe# 
of refraction. 

Graham, in his later experiments (Phil. Trans. 1862, part i.; Chem. Soc. J. xv. 
p, 217) also uses a plain glass jar, in which the salt is allowed to rise from below in a 
i vlindrical cohimn. The jars were 152 mm. (6 inches) in height, and 87 mm. (3-45 
inches) in width. In op(‘rating, seven-tenths of a litre of water were, jl^t placed in 
the jar, and then one-teiitli of a litre of the liquid to bo diffused vrM carefyaij^nveved 
to the bottom of the jar by means of a fine pipette. The whole 6uid COminn then 
measured 127 ram. (5 inches) in height. As much as five or six minutes of time were 
occupied in emptying the pipette at the bottom of the jar, and extrtmiely little dis- 
turbance was occasioned in the superincumbent water, as could be distinctly deeu 
when the liquid introduced hy tlio pipette was coloured. The jar was then left- undis- 
tur])ed, to allow ditfiLsion to proceed, the experiments being always comliicted in an 
apaitment of constant, or nearly constant temperature. When a certain time had 
• lapsed, the diffusion was interrupted hydrawing off tlie liquid from the top by means 
of a small siphon, slowly and deliberately, ns the Ihpiid had been first introduced, ill 
portions of 50 cubic centimetres, or one-sixteenth of llie whole voIuuul The ojam end 
of the short limb of tlie siphon was kept in contact witli the surface of the liquid ill 
tlie jar, and the portion of liquid drawn off was rec<‘ived in a graduated measure. By 
i vaiMirating eaeli fraction separately, the quantity of salt whieli liad risen into equal 
sections of the liquid column was ascertained. A particular advantage of this method 
is that it affords the means of ase<^rtaining the ahsohile rate or velocity of diflu.sion, 
rendering it possible to state the distance wliieh a salt travels per st'cond in terms of 
th.‘ meter. Such a-constant must enter into all the chronic phenomena of physi()logy, 
and holds a place in vital science not unlike the time of the falling of heavy bodies in 
the ['liysies of gravitation. 


2. — Crystalloids and Colloids. 

The substances whose diffusion has l.een consi«l(*re<l in the prot'eding pages, though 
they ('xhil)ll considorahle diversities in their diffusive niol»ili(y, all belong to the more 
Mitbisive ehuss. Opposed to them is another class, which are mneh h'ss dilfusive, 
and are likewise distinguisheil from the former by several well-defined j)hyHieal and 
eliemieal clmraeters, esiieeially by tlie absence of the power to erystallisi*. Sueli are 
Itydrated silicic acid, liydrated alumina, and other mi'lallic oxides of the alurninoUH 
class, when they exist in the .soluhh* form ; also starch, dextrin and tlie gums, caramel, 
tannin, albumin, gelatin, vegetable ami animal (extractive matt(*rs. J heso l>odi(‘S am 
also distinguished by the gelatinous ehanieter of thm’r hydrat(es. Although ofben 
liirgelv soluble in water, they are Imld in solution hy a most feeide form. Theyapp(eur 
singularly inert in the capacity ot acids and bases, and in all the ordinary cliemicMl 
relations. But, on the other hand, their peculiar pliysieal iiggnegation, tog. tluT with 
it the elu-mical indifference referivd to, appears to he ivqnired in substanci’s that, can 
iiil. rvmie in the organic proeosses of lib-. Tin; plastic elmnenfs of the animal body am 
found in this class. As gelatin appears to he its type, suhsfanees of this eiass tmiy be 
designated as calUmH (from K6\Arj, glue), and their peculiar form of aggregation, u« 
the ro//,u(lal amdiliun of muiUr. Opposed to the colloidal is the cryHlalline eoiidifion. 
Substances affecting the latter form may he classed as cri/.staUdtd!^. 'J In; distinelion is 
no doubt one of intimate moh <-uiar const it nl ion. 

Altljough eliemieally inert in the ordinary .‘<eiise, colloids possess a compenHatiiig 
activity of their own, arising out of their physieal properties. While the rigidity of 
the crystalline structure shuts out external impressions, the softness of the gehilinouH 
colloid partakes of fluidity, flnd enables the rolhud to become a medium f«>r ii(jnid dif- 
fusion, lik(,‘ water itself. Tin* sarrn* |>enelrability ajipears to lake the form ni eennui- 
tation in such colloids as can exist at a high temperature. Hence a wide siuihihility 
on the part of colloids to exfern.il agents. Another and (‘minently cliaraet eristic 
quality of colloids, is their mutability. Their existence is a eontinued metaHtasis. A 
colloid may Vie compared in this resp(;ct to water while existing liijuid at a temperatiim 
under its usual freezing-point, or to a suj>ei*satu rated saline feolution. bluid eolloids 
appear to have always a jnctou« nn^dificafion ; and they often pass, under the slighfest 
influences, from the first into the serrond condition. Tin; solution of hydrated silicic 
acid, for instance, is easily obtained in a stall* of purity, but it cannot be preserved. 
It may remain fluid for days or wi’cks in a sealed tube, but is sun; to gelatinise and 
Wcome insoluble at last. Nor does the change of this colloid app<;ar to stoji at that 
J fioint. lor the mineral fonns of silicic acid, d(*posited from waU-r, such hh flint, an* 
often found to have passed, during tin* geiilqgical ages of their exist cnci*, from the 
vitreous or colloidal into the cr}’stHlline condition (JI. Bose). Ihe colloidal is, in fact, 
a dynamical state of matter; the crysfalloidal being the statical condition. It may bfl 
Vqj.. III. Z 'A 
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looked upon as the probable primary source of the Mpearing m phenom^ 
of vitali^ To the^radual manner inwhieh colloidal diwges take place (tor they 
Sways dLand time as an element), may the characteristic protraction of chemico- 

“■^STg ex’Jerim'^tnfade by the method of jar-diffiision (p. 700), exhibit the 
difference of dififtisibility of colloids, namely ^m. tannin, or caramel, as compared 
with the crystalloidal substances, chloride of sodium, sulphate of magnesium, and cane- 
sugar. 

Tablk III —Diffusion 0 / 10 per cent, solutions (10 grms. of substance in 100 cubic 
centimetres of liquid) into pure water, after fourteen days, at 10 (60 Fahr.) 


Chloride of 
■odium. 

Sulphate of 
mHgne»ium, 
at 10°. . 

Sugar. 

•104 

•007 

•006 

•129 

•Oil 

•008 

•162 

•018 

•012 

•198 

•027 

•016 

•267 

•049 

•030 

•340 

•086 

•069 

•429 

•133 

•102 

•635 

•218 

•180 

•664 

•331 

•305 

•766 

•499 

•495 

•881 

•730 

•740 

•991 

1-022 

1*075 

1090 

1-383 

1-436 

1187 

1-803 

1*758 

2*266 

3-684 

3-783 

9*999 

10-000 

10-003 


Gum. 

Tannin. 

Albumin at 
130—13® 6. 

Caramel at 
lOO—l 1°. 

•003 

*003 



•003 

•003 



•003 

•004 



•004 

•003 



•003 

•005 



•004 

•007 

, 

•003 

•006 

•017 


•005 

•031 

•031 

* * -010 

•010 

*097 

•069 

•016 

•023 

•215 

•146 

•047 

•033 

*407 

•288 

*113 

•076 

•734 

•556 

*343 

•215 

1*157 

1*050 

•855 

•705 

1*731 

1*719 

1-892 

1*725 

5*601 

6*097 

6*726 

7*206 

9*999 

9*997 

10*000 

10*000 


Here the superimposed column of water being 111 millimetres (4-38 Wgh. 

the chloride of sodium is found to have diffused in sensible quantity to the top, and 
c^uld Le risen higher. The top of the diffusion-column of 

and likewise that of ‘suirar, appear to have just reached the top ot the liquia in in 
fourteen davs of the experiment. But the colloids, gum, tannin, albumin and caramel, 
St a /md falliS in the rate of diffusion. Gum and tannin do not appear to 
be^carried by diflFusion higher than the seventh stratum, the 

the hSher strata, which together do not exceed 0 02 grm., being doubtlew th® result 
of aSntalXpeTsion, arising probably from a movement of the upper hquid, occa- 
rionS b^Si m^riities o/temperatL. The diflusion of albumin and of caramel 

” By 'coSuing the diffusion of different substances till equal quantities had diflUsed 
out, the following results were obtained : 


Approximate times of^^ual Diffusion. 


1 

2*33 

7 

7 

49 

98 


Hydrochloric acid . 
Chloride of sodium 
Sugar . 

Sulphate of magnesium . 
Albumin 
Caramel 

xacUy in* descrioed at p. 700. 




3.— AppUoation of Xilquid Blffuslon to Chemtoal Analysts. 

Mixed salU may be more or leas separated by their unequal diffiisibility. A solution 
of 1 i>t of carbonate of potassium, and 1 pt. earbunato of sodium >n 10 pts. of wajer 
p aielfin a a diffusion-plS (fy. 708), yielded in Wdays at 16° a d.ffusate containing 
^{•6 pts. carbonaU' of potassium to 36 4 pts. carbonate of sodium ; the diffusat* 1 1 
25 days contained the same salts in nearly the same proportion. Inequality of di^- 
skin is indeed somewhat increased by mixture, so that the actual separation is greater 
than that calculated from the relative diffiisibilitics of the nnxed substaiiMS. 

Similar results were obtained by the method of jsr-diffusion at p. 700, when a 
mixture of two salts was placed at the bottom of the jar, the more diffusive salt tra- 
veiled upwards the most rapidly, showing itself first, and always most largely, m the 
upper Htrativ. Tho following table hHowh tho results obtained with a mixture of eijual 
parts of tho chlorides of potassium and sodium. 


Tabie V Diffusion of a mixture of 6 per cent, of Chloride of Votasnum, and 

0 per cent, if Chloride of Sodium, for seven days at 12®— 13 . 


Nurobfr of 
Btratiim. 

1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 

13 

14 

15 and 16 


Chloride of 

potAssiiim. 

Chloride of 
Bodiiiin. 

Total 

OiflUiate. 

•018 

•01 4 

•032 

•026 

•016 

•040 

•044 

•014 

•068 

•076 

•017 

•092 

•101 

•(134 

•136 

•141 

•063 

•204 

•186 

•104 

•289 

•262 

•161 

•403 

•330 

•212 

•642 

•349 

•361 

•700 

•418 

•468 

•870 

•611 

•669 

1070 

•652 

•684 

1-236 

•616 

•772 

1-387 

1-386 

1-661 

2-936 

6-001 

4-999 

10000 


The first six strata eontaia together 661 milligrammes, of which 404 millfmoameSg w 
72 c^.Xt ««» chloride of potassium, ^e b.ve «> 

%'z 2 
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descend to the tenth stratum before the salts are found in equal proportions. The 
progression is then inverted, and chloride of sodium comes to preponderate in the 

Jower strata. ... j .. j j-ir 

It is evident that the preceding experiment might be so conducted as to difluse 
away the chloride of potassium, and leave below a mixture containing chloride of sodium 
in relative excess, to as great an extent as the chloride of potassium is found above, in 

the last experiment. ^ ^ 

Further, the mixture in which chloride of potassiuin was concentrated in the experi- 
ment described, so as to form 72 per cent, of the whole mixture, might be again 
subjected to diffusion in the same manner. In an experiment upon a mixture of 7 o 
grros of chloride of potassium and 2‘0 grnis. of chloride of sodium, the six upper 
strata gave 640 milligrms. of salt, of which 610 milligrms., or 95*3 per cent, were 
chloride of potassium. It is obvious that, by repeating this diffusive rectification a 
sufficient number of times, a portion of the more diffusive salt might be obtained at 
lust in a state of sensible purity. „ ^ , 

The preceding example illustrates the separation of unequally diffusive metals or 
bases ; the following example represents, on the other hand, the separation of unequally 
diffusive acids united with a common base. Chloride and sulphate of sodium diffuse 
separately in the phial experiments in the proportion of 1 to 0*707. 
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Tablb VI . — Diffusion of 5 per cent, of Chloride of Sodium and 5 per cent, of 
anhydrous Sulphate of Sodium^ for 7 days, at 10° — 10°*76. 


Number of 
gtratum. 

Chloride of 
scMtium in 
grammes. 

Sulphate of 
sodium in 
grammes. 

Total 

dlffusate in 
grammes. 

1 

•009 


•009 

2 

•012 

•001 

•014 

3 

•024 

•005 

•026 

4 

•038 

•003 

•041 

5 

•060 

•006 

•066 

6 

•096 

•012 

•107 

7 

•141 

•029 

•170 

8 

•203 

•069 

•262 

9 

•278 

•115 

•393 

10 

•360 

*205 

•565 

11 

•473 

•317 

1 -790 

12 

•560 

•507 

1-067 

13 

•637 

•G94 

1-331 

14 

•718 

*909 

1*627 

15 and 16 

1*390 

2*141 

3 531 


4*999 

6000 

9*999 

1 


Here the separation is still more sensible than with the bases. The six upper 
strata contain 263 milligrammes of salt, of which 239 milligrammes, that is 90*8 per 
cent., are chloride of sodium. The salt of the npper eight strata amounts to 695 
milligrammes, of which 683 milligrammes, or 88*9 wr cent., are chloride. 

On comparing the diffusion of a mixture of ^ivalent quantities of chloride of sodium 
and sulphate of potassium with that of a milture, also in equivalent proportions, of 
cidoride of potassium and sulphate of sodium, it was found that the diffusion of the 
metals is not affected by the acid with which each of them is originally combined. 
This result is quite in harmony with Berthelot’s view, that the^ acids and bases are 
indifferently combined, or that a mixture of chloride of p>otassium and sulphate of 
sodium is the same thing as a mixture of chloride of sodium and sulphate of potassium, 
when both mixtures are in the state of solution. With two acids greatly unequal in 
their affinity for bases, however, the result might possibly be different. 

In some Ciises, diffusion is also capable of effecting the decomposition of chemical 
compounds. Thus, when a solution of common alum is allowed to diffuse into water, 
the sulphate of potassium passes out more rapidly than the sulphate of aluminium.^ A 
solution of sulphate of potassium in lime-water left to diffuse into lime-water yields 
a diffbsate containing hydrate of potassium; similarly with sulphate of sodium. The 
sulfates of potassium aud sodium are also decomposed by carlx)nate of calcium dis- 
'eolved in carbonic acid water, when the liquid is flowed to diffuse into pure water. 
"The cWorides of potassium and sodium are not sensibly decomposed by lime-water in 
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maimer. When snhirated solutions of limo-water and snlphate of aUcium are 
m xiSlrequal Tolumes. 1 per oeut. of chloride of sodium dissolved m the and 

rt utiTleft to diffuse into pure water, scarcely a trace of hydrate of sodium ts 
obtained; but when the solution of sulphate of calcium, with an addition of 2 

Twde of smliuni, is kept at the boiling {loint for haU an hour, and the ^lutiou 
mixed two or three days afterwards with an equal volume ot '""‘'T*'*'’'’ “"f -J' q 
■ nh^ mre water for 3i days, the diffusate in three cells is found to contain 0 2d4 
ef^iis hydrate of sodium and 0 371 sulphate of smlinni. It appears then, tl>«‘ '"<>« 
fhan one condition of equilibrium is possible for mixed solutions of sulphate ot ialcm n 
Lml eh loridrof sodium Cold soliitkms of these salts may be mixed without deconi- 
^ilioii or without sensible formation of sulphate; but. on heating, this change is 

T1 e3e in^ of tlm earth is moistened by ...in is p.sml.arly f ’ 

lmucX'i^ftL“ur;^rJr^^^^^ "f ,7;:,:;,:r'‘qt.'s,dts'.'.f 

limV is appliocl as a top-dressing to gra.ss- huids. ((• ra lia in.) 

4 . 

Membrane,s or sepia of the colloi.l ‘'7? /l’. r’rEErih'b of anim^ 

"ofTye."^ tSK - (^32 .^tbe- soud’ 

resist the pa.s.sagc ..f the less .liffusiv,; sahsta..o..s. ami e.. . 11 ’ “ 

:rr::n!i::.:i:'-'T^^mrof':^^^^ 

sugardiffuses through into thf^N^ator whih th« „’yf the whole sugar, in 

f.uir hours, the water below is found to eonta.a about ‘ f ^ the wate^bath. 

aoondition so pure im to crystallise wlm.i • - .^u;' 

Now the sized paper has no power to ji„i, only permeate this 

and refuses a passage to the mixed litpiul a. . • of uiftusion. But 

septum, .nd not misses. The ...oloenles also 

the water of the "• 'n'^n ithcr the siigaror thegum. being in a sta^^^ 

available as a medium fortht? diffusion of i h b ifn^df is solid, and 

real though feeble chemical eorribinatiou. The e.«i,^or»a rate water, molecule 

also inJuble. .Siqjar, howev.-r, wit h aher^Ui^^^^^ '’^^Irn'migar obtains th., 



:s;;io^;t!::b.::ripr;;^ »«->- - 

open the door for its own pa.ssuge outwan s )y ! “ , proceed at nearly the same 
Diffusion of a crystalloid through a firm j. U} 
rate as into pure water. Ihis is strikingly s iov»u \ j„r„tni‘se gelatin, orgclose 

Ten grammes of chloride of stxbum and « gram as'toVonii 100 cul). cents, of 

of Paycn, were dissolvwl together m ..llnwod to cool this liquid set 

liquicL Introduced into the empty an ^ 10 

into a firm ielly, occupying the lowe^>art " jelly, it iL 

eeiit. of chloride of saiiuin. Instf^ad of p P of ‘he same gelosc, cooled iO; 

covered by 700 cub. cents, of water containing 2 per cent, of -be «amt geios . 
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far a» to be on the point of gelatinising, the jar at the same time being placed in a 
cooling mixture in order to expedite that change. The jar with its contents was now 
left undisturbed for eight days at the temperature 10°. After the lapse of tliis time 
the jelly was removed from the jar in successive portions of 60 cub. cents, each from 
the top, and the proportion of chloride of sodium in the various strata ascertained. 
The results were very similar to those obtained in diffusing the same salt in a jar of 
pure water, excepting that the diffusion in the ^elose appeared more advanced in eight 
days than diffusion in water for seven days. With a coloured crystalloid, sucli as acid 
chromate of potassium, the gradual elevation of the salt to tlie top of the jar is very 
plainly seen. On the other hand, the diffiusion of a coloured colloid, such as caramel, 
through the j<dly, appears scarcely to have begun after the lapse of eight days. The 
diffusion of u salt into the solid jelly may be regarded as cementation in its simplest 
form. ^ 

The most Hiiifablo of all substances foradialytic septum is De la Hue’s vegetable 
parchment or parchment-paper (i. 819), which is unsized paper, altered by a 
short immersion in sulphuric acid, or in chloride of zinc. Paper so metamorphosed 
acquires considerable tenacity, and when wetted, expands ami becomes translucent, 
evidently admitting of hydration. In the wetted state, parcbment-paper can easily bf^ 
applied to a light hoop of wood, or better, to a hoop made of slieet ^iitta perelia, 
2 inches in depth and 8 or 10 inches in diameter, so as to form a vessel like a sieve in 
form {fig. 710). The disc of parchment-paper used should exceed in diameter the 
hoop to be covered by 4 inches, so as to rise well round the hoop. It may be bound 

to the hoop by string, or by an elastic band, 
but should not be firmly secured. Tlie parch- 
meiit-j»a])er must not be porous. Its soundness 
will be ascertained by sponging the uppi'r surface 
with }»ure water, and then observing that no wet 
W Spots show themselves on the opposite side. Sneli 
d«‘fects may be remedied by applying liquid albn- 
miii, and tlu-n coagulating tli(>samo by heat. i\Ir. 
De la Rue recommends, the use of albumin in cementing parcliment-jiaper, wliich may 
thus be formed into cells and bugs very useful in dialytic experiments. The mixed 
fluid to be dialysed is poured into the hoop upon the surface of the parcliment-paper 
to a small depth only, such as half an inch. Tlie Vessid descrilied {diaigtfcr) is tlieii 
floated in a basin containing a considerable Voliinio of water, in order to indma* tlie 
egress of the diffusive constituents of the mixture. Half a litre of urine, dialysed for 
twenty-four hours, gave its cry.stulloVdal constituents to the external water. Tlie latter, 
evaporated by a water-bath, yielded a white saline mass. From this mass urea was 
extracted by alcohol in so pure a condition as to appear in crystalline tufts upon the 
evaporation of the alcohol. 

hor operating on smaller quantilios of li»iuid, a small glass bell jar, tied round at the 
liottom, as shown in fig, 711, may be used. 712, 713 show convenient modes of 

supporting the instrument in a basin or a jar of water. In Mr. Graham’s experiments 


Fig. 710. 



Fig. 711. 


Fig. 712. 


Fig. 713. 




two sizes of bulb were employed, 3*14 and 4-41 inches in 
diameter, the dialytic septa having areas very nearly of 
and ^ of a square metre (1^*6 and 7*8 square inches). 

With 100 cub. cents, of liquid (the quantity usually em- 
ployed) the septum of the smaller instruments was covered 
to the depth of 20 mm. (0*8 inch) and the septum of the 
larger to a depth of 10 mm. (0*4 inch). The thinner the 
atratum, the moi*e exhaustive the diffusion in a given time. 

When a considerable diffhsion is desired within 24 hours, it is generally inadvisable 
to cover the septum deeper than 10 or 12 mm. (half an inch). 

Kumetotts experiments on the difihsion of crystalloi’ds through various dialytic 
•epta» stich as gelatinous starch, coagulated albumin, gum-tragacanth, b^des anim^ 
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aSsLu ,™— 

“ ■ V .':;, ra ‘ ia „ l ' l ^ Si .:,. £■»..«'. f -*^^ 

f£rs,„.d »».-... ;.:.7pt,,~.-»^ 


f potiissium and 40'83 


through WM found ^ Doublolilts uIho such us alum, and the sulnhatc of 

ppr cent, of eWorld.? of sodium. pouWej.Uts e „„,K,,mUv diffusive 

Uper Hod pots»mm, Jh'y L in the waterjar. The 

sJts, were largely impears ^howev.T, to^ be diministied in dialysis, 

effect of heat in promoting diffusion appears, nowo 


The 

S;^h'’rpSrnt^^^^^^ X'rSshm frZ :t 

of chloride of sodium, in a con.s1ant period of llir..c hours, u^i 

, AtlO°C. . . • o-TSSt:™'- 

20 . . • 

” u:nn. 

” 40 ... gvm. 

no . diffusion ill wat.'r alone, without tin- seplnni, woiil.l have been donbU-d by 
The rate of dinusion in ivnJiur nn*roaspd one-tlnrd only ns above, 

an equal „f dift'asion of several sabsianees, both orys- 

The following table so, lint, , as a slandaisl. The larger 

talloids and colloids, coiijiair ,,„.,.|„aaiit-Daner was ebange.l in I'lieh .■xperimiMit. 

bell-jar (p. 71f.) was used, and *' fe,,,;,, i„ ,l,a di'dyser to 

wZ“of'«n “-P'""' 

square inches). „m 20 . 


R’liH 

Ratio. 

100 

107 

1-20 

i;i7 


Taiii.e 


Two per a nt. 6otutJon». 


Chloride of sodium . 
Picric acid 
Ammonia 
Theino . 

Salicin . . » 

Cane-sugar 
Amygdalin 
Extract of quercitron 
Extract of logwood . 
Catfchu . 

Extract of cochineal . 
Gallotannic acid 
Extract of litmus 
Purified caramel 


llifVu'-.i'** in 

PritpftrUonHl 

gr.iinnicK. 

dUTintat.i. 1 

10 ')7 

1-000 

1090 

P020 

M04 

•847 

1100 

•703 

•503 

•7HH 

•472 

•017 

^ *311 

•ao.i 

•184 

•280 

•168 

•26.') 

•1.59 

•080 

•0.51 

•0.50 

•030 

•038 

•019 

•009 

•005 


The picric aei.l and theine were 

numljers observed arc multiplied )y . -i i irallo-tannic acid, or than gum, a« 

h™ "^h W’^-Iit; of rate is likely to facilitate the separation of 

v<-getable principles by the agency of dialysis. 

Preparation of Colloid Suhstancce hy iJialyein. 

placing them on the dialyser Accompany g ^ soluble colloids can 

.i« .pp~p»“ 

When the mixed solution obtain ^ J narohment-puper dialyser, and allowed 
lated with hydrochloric acid w.as P'“;^..XLureWm^U q^'Wi'.v » «ili«;i« ““‘*1 
to diffuse into water, the latter '’‘’■ .K , . days, to seven-eighths of 

was left upon Uie 7“"" iwwWn of ailk^r iliid wh J ’«ubs,qnently pa«m. 

iLS^L sol^f^m hytLhloricacid and chloride of aoilinm a. not to give a 
precipitate with nitrate of silver. romoounds. which like itself, a« col- 




1 



718 LIQUIDS, OSMOSE OF. 

be called colHsilicates or co-silicatcp, appear to contain Jin acid of higher atomic 
weight than ordinary silicic acid. Cosilicic acid, like gallotannic, gummic, and other 
colloidal acids, unites with gelatin^ forming a cosilicato of gelatin, wh^ich is precipitated 
on mixing the solutions of silicic acid and gelatin ; but, like the gallotannate (i. 828), 
varies in composition according as the one or the other constituent is present in excess. 
Cosilicic acid also precipitates both alhuminic acid and pure casdji. ^ 

The true hydrated alumina, also Crum’s metalumina (i. 159), are obtained 
soluble by dialysing solutions of these oxides in the chloride and acetate of the same 
metal; so, likewise, hydrated ferric oxide, and the peculiar ferric hydrate (mela- 
ferric hydrate) discovered by Pean de St.-Gilles (p. 395), and soluble chromic 
hydrate (ii. 9-19). Tlie several varieties of Prussian blue (ii. 229, 244) are obtained 
soluble by dialysing their solutions in oxalate of ammonium, the latter salt diftusing 
away. Stannic and metastannic acids both give soluble modifications wlnui 
dialysed from alkaline solutions; titanic acid, when dialysed from a solution in cj^lute 
hydrochloric acid; tungstic acid and molylulic acids, when the tungstate and 
molybclite of sodium in dilute solution arc repeatedly dialysed with a slight excess of 
hydrochloric acid. (Chem. Soc. J. |2] ii. 318.) 

A solution of gum-arabic (gummate of calcium) dialysed after addition of hydro- 
chloric acid, gave at once the pure gummic acid of Fr^my (ii. 955). Soluble alb um i n 
is obtained in a state of purity by dialysing albumin with addition of acetic acid. 

Caramel of sugar purified by repeabHl' precipitation with alcohol, and afterwards 
by dialysis, contains the ]»roportioii of carbon in the highest of the oaramelic bodies of 
G^lis (ii. 748) ; it forms a treniulons jelly when eoneentrated, and appears docidcVlly 
colh/idal. Like all other colloids, it has a soluble and an insoluble moditication. ’J'ho h 
latter has its solubility rt'stored by the action of alkalis, followed by that of acetic acid 
and subs(;(|uent dialysis. 

For further details on the preparation of colloids by dialysis, see Chem. 8oc. J. xv. 
243—260 ; also the descriptions of the several substances in their alphalietiiuil order 
in this Dictionary. 

Separation of Arseni ouff Acid from. CoUdidal JAqnids. — Diiilysis may be advantage- 
ously applied to the separation of arsenioiis acid andmetallic salts from organic 
solutions in medico-legal enquiries. The jirocess has the advantage of introducing no 
metallic substance or chemical reagent of any kind into the organic Huid. The 
arrangement for operating is also of the simplest natun*. 

The organic liquid is placed, to the depth of half an inch, on a dialyser fornn d of a 
hoopof giitta percha 10 or 12 inches in diameter, coverisl with parchment-paper (>7/. 710, 
p. 716). The dialyser is then floated in a basin containing a volume of water about 
four times greater than the volume of organic fluid in the dialyser. The wster of th<‘ 
basin is generally found to remain colourless after the lapse of 24 hours; and after 
being conccntnited by evaporation, it ailmits of the njiplication of the proper la^ageiits 
to precipitati' and remove a metal from solution. One-half to thn^e- fourths of the 
crystalloidal and diflfusible constituents of the organic liquid will generally be found in *> 
tht‘ water of the basin. 

Ta r ta r - e iiH' t i 0 and strychnine maybe separated from A'iscid organic matter 
in a similar inantK'r: indeed, all soluble poi.sonous substances appear to be cry.-^talloiils, 
and therefore pass through colloidal se|)ta. 

ILZQUZBS, BZSPBRSZVB POWBRS OP. See Light (p. 621). 

ZiZQUZOS, BXPAVrSZOir of. See irKAT.(p. 52). 

BZQOZBS, ZKBZCES OF RSFRACTZOir OF. See Light (i>p. 615, 627). 

BZ^tUZDS, OSMOSB OF. When two ^jiids are .si-parated by the interven- 
tion of a porous diaphragm, a flow of liquid takes place from one si«le of the se))tum 
to the other, or sometimes an unequal flow of the two liquids in opjwsito directions, 

80 that the quantity of liquid increases on one side of the septum and diminishes on 
the other. This phenomenon was originally designated by the correlative terms En- 
dosmose and Exosmose, but it is better expressed by the shorter word (Osmose, 
from uafiSsf impulsion), which includes the two former. 

The passage of liquids through porous septa was first studied by Dutrochet, whose 
apparatus, called an end osmometer, oon.‘*isted of a narrow glass tube, having a funiul- 
Bliapetl eximnsion at the l)ottom. and closed at that end by a piece of bladder. This 
tube was filled with a sidine solution, and placed in a vertical position in ajar contain- 
ing water. The flow of liquid in the one direction or the other was measured by tlie 
rise or fall of the liquid in the tube. Dutrochet inferred, from his experiments, that tlie 
velocity of the osmotic current is proportionate to the quantity of salt or other solid ^ 
substance originally contained in the saline solution. The experiments were, however, 
inexact, because no allowance was made for the alteration of hydro.static pressure 
caused by the rise or fall of the liquid in the tube. Vierord t (Pugg. Ann. Ixxxiii. 79), 
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who used a modification of Dutroohet’s apparatus, in which this source of error 
removed, found that the velocity of tin' current increases with the initial concentration 

of the solution, but in a lower ratio. . , , , , , 

Professor Jolly, of Heidelberj', has examined the osmose of water and saline sola- 
Hons by a different method. The saline solution containino; a known .inant ity of salt 
L contained in a glass tube closed at the liottoin witli bladih-r, and ])Iungi‘d into water, 
w’hich is frequently changed, so as to ki'ep it nearly pure. 1 lie tube willi its eontent!? 
is taken out from time to time and weighetl, and tliese opiTations ar(‘ repeated till the 
weight becomes oonstant, showing tliat the wliob* ot the salt has passtal out from tlie 

tul»e, and nothing but water remains. ^ , n u 

In this manner it is found tliat a given quantity of any salt wliieh passes thnmgh 
the septum into the water is always replaeed by a .h'iimte quantity ot water 1 he 
ouantiry of water which is thus replaeed by a unit of weight ot tile salt, is called tlie 
aikuvnotic (or osimdic) iquivalmt of tliat salt. This cpiantity varies with the nature 
of the. salt, and with the temperature, increasing as tim lemperatnr.' rises; but. i is 
independent of the density ..f the solution. At. leniperatiires near L. the endos- 
motic equivalent of liydrate of potassium was foiiiul to lu« 200 ; ot chloride of sodium, 
between 4 :1 and 4'G ; of suli>hate of sodium, belw«‘eii 11 and 12 ; of iieiilral .snlphalo 
of potassium, 12 ; of acid sulphate of potassium, 2-:l ; and of hyilrated siilpliiirie acid 

b) tlie conclusion, that tlie osmose between water and salin.' solu- 
tions consists, not in the opposite passage of two liquid eiirreiit.s Imt ni the passage 
of particles of the salt in one direction, and of pure water 111 the ot n r. 1 liis eoiielii- 
sioii is strengthened by (Irahanrs ob.servation, tliat eoninioi, salt ditbi.ses into water, 
through a thin membrano of ox~l>ladder deprived ot its outer muscular coating, at the 
same rate as when no niemhrane is iiiterposisl. . 

The flowMif water into the saline solution is the only one ot the two iiio\ements 
which can be correctly described as a current. This is. in fa.-f, the true osmose, and 
depends essmitially on the ae' ion of the iiieiiihrane or other porous ^'•■I'fnMi tor ho 
ouantity of water which thus pas.ses iido the solnlioii is often niiieh gi. atd than 
would la. introduced by mere Ihpiid diffusion, amounling in .some eases to seviTal 

hundred times that ot tlie .salt displaced. . UiOi. wJi.f mikI 

This action of the .septum lias been explained in varioiis ways. lU I nHo. h. t. and 
others, it was aftrihnted to capillarity; but, this force is <,nife msnlheieiif. b. aecoiinf for 
the great inequality .d' a.seeiision whi<-h different, Inpiids <‘x!ii u in the osniotu a|)pa- 
ratu^. in fact, (Iraliam has .shown, that soluti.ms ot tin' most dillerent, eharaelm exhibit 
verv nearly eoiial ascension in lubes ot equal diameter. „ , , t -i 1 

II, .. iwo,i.s wpluni. .S„|,|,„s„ ll,.. to b(, of s„.li a iialara an lo abaoi'l, only ..he 

of ll„. Ii,,ui.la,!-tl„. wat. r, foi- ihslaiha'. The water will lli.-ii j,.'hetrale 111 .. m,|.I "‘"I 

in crnla.'l will, th.' aaline aoh.lion, will .liflu.s.- ...to , 1 . Mo,-,, wal..,- "‘I 

he .ihH.rhed, and s,ihs..q,i,..nly diffi.se.l, and lima a ,.onl 1.1.1...1.1 e„.T.'nt will U m I u ’• 
If hi.tli liquids are ahsorhed hy the sepHim, l.i.t in dilh'n.nt d,.nri.i s anil eiieli is i a|i,ihl.' 
of diffu.siii!; into the other, like water and iileohol, the result will ho tlie torniiilion of 

iwo qi.al ...irrentH i,ro|iposife dire, •lions. Water is al,sorh.,l hy ii.i.ina nie.idn ine 

iniieh iiiore raiiidly than most other li,|,.ids, ...i.d ac•eord,nK]y, when I' ' 

kind i'l used, the lUreetion of the eiirreiit is in niosl, eases from the wal el to 1 othi r 

liquid. AceordiuK to i.iehift a piveii weight of dri...! 

lime, 200 vols. of water, 133 vols. of a .saturated on of f 

alcohol of the strencth of 84 per cent., ami 17 vols. of bone-oil. \Mn i w.it. r ami 

aleoliol are separaU'd hy an animal m.•mhra. Urn <P'."ddy '■< ,q " ! , ' 'iliO 
ll.ealeolml is greater than the quantity of aleoliol win., i lasses iiit., the «„te, hu , 
when the same liquids are divided hy a tliiii lilm ot eollodion. wliieli ahsprhs aleoliol 
more quickly than wiit.er, the contrary effect m produced. 

On the other hand, the numerouH experimeiitH recently made by Oral am (I hit. 
Tra s i 555 p. 177; Chem. Hoe. J. viii. 4.'t) bml to the eonelns.on tbat osmose 
depends ess, mtiallv on Hm ehetnieal iielion of the hqutd on the sept,,,,.. I he.se expe- 
riments were made partly with pen, ns mineral s. pta, pai-tly with animal iiiemhram . 
K eaXnwmre or.nonfeter eolisisted of the — eyhn. e™ -'M 3 ; - 

hatlcrics, alxint five inehes in depth, surmounle.l hy a Khms '“’ 'f" ' ' ' " . ,j.| ^ 

p^Led in a'iar of distilled water; and as the liquid within the instnment rose duriiig 
Ihreiperiment water wa.s added to the jar to .spmlise the pressnre. J he nee W') 
of tlie^Tiouid in the tube was very regular, as observed from hour to hour, and the 
experiment was gencrallv terminated in five hours. From expenmenis made on solu- 
tions of every vanety of soluble substance, it appe.ire<l that the ri.se or osmose is quite 
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insignificant .with neutral organic substances in general, such as sugar, alcohol, uren, 
tannin, &c. ; so likewise with neutral salts of the earths and ordinary metals, with 
the chlorides and nitrates of potassium and sodium, and with chloride of mercury. 
A more sensible but still very moderate osmose is exhibited by hydrochloric, nitric, 
acetic, sulphurous, citric, and tartaric acids. These are surpassed by the stronger 
mineral acids, such as sulphuric acid, phosphoric, and by sulphate of potassium, which 
arc again exceeded by salts of potassium and sodium, possessing a decided acid or 
alkaline reaction, such as dioxalate of potassium, phosphate of sodium, or the 
carbonates of potassium and sodium. The highly osmotic substances were also found 
to act with most advantage in small proportions — producing, in fact, the largest osmose 
in the proportion of one-quart<*r per cent, dissolved. The same substances are likewise 
always chemically active bodies, and possess affinities which enable them to act on the 
material of th (3 earthenware septum. Lime and alumina were' always found in solution 
after osmose, and the corrosion of the septum appeared to be a necessary condition of 
the flow. 8epta of other materials, such as pure carbonate of calcium, gypsum, 
compressed charcoal, and tanned sole-leather, although not deficient in porosity, 
gave no osmose apparently, because they are not chemically acted on by the saline 
solutions. 

Similar results were obtained with septa of animal membrane. Ox-bladder was 
found to act with much greater strength and regularity wlien divested of its outer 
muscular coat. Cotton calico, impregnated with liquid albumin, and afterwards 
heated to coagulate the albumin, formed an excellent septum, resembling membrane in 
every respect. The osmometer (jic/. 714) used in these experi- 
ments was arranged like the original instrument of Dutroeliet ; 
but the membrane was supported by a plate of perforated fine, 
and tlie tube was of considerable diameter, viz. one-tenth of that 
of the month of the bulb, or of the disc of membrane exposed to 
the liquids. 

Osmose in membrane presents many points of similarity 
to tiiat in earthenware. The nuaubrane is constantly undergo- 
ing decomposition, and its osmotic action is exhaustible. Salt.s 
and other substances capable of determining a large osmose are 
all chemically cuetive substances, wliile tlie great mass of neutral 
organic substances and perfectly neutral munobasie salts of the 
metals, such as cliloride of .sodium, possess only a low di'gree 
of action, or are wholly inert. The active substances are also 
most eftieient in small proportions.* AVith a s(diitioii contain- 
ing por cent, of carbonate of potash, the rise in the osmometer 
was 167 millimetres; and witli 1 ptT cent, of the same salts, 206 
millimetres in five hours. With another membrane and a 
stronger solution, the rise was SO'l millimetres, or upwards of 38 
inches in tlie same time. To induce osmose, the chemical action 
on the membrane must be <lifferent on the two sides, and 
apparently not in degree only, but in kind, viz. an alkaline 
action on the albuminous sulistaiiee of the membrane on the 
one side and an acid action on the other. 4'lie water appears 
always to accumulate on thi* alkaline or l)asic side of the mem- 
brane. Hence witli an alkaline salt, such as carbonate of sodium, in the osmometer, 
and water outside, the flow is inw’ards; but with au acid in the osmometer, there is 
negative osmose, or the fiow is outwards, the^liqnid then falling in th<3 tube. ^ The 
chlorides of barium, sodium, and magne.siuni, ai^similar neutral salts, are w'holly ipdif- 
for<'nt, or appear to act merely in a suborilinate manner to some other active iicid or 
basic substance, which may be present in the solution or the membrane in the most 
minute quantity. Salts which admit of divi.sinn into a basic salt and free acid exhibit 
an osmotic activity of tlie highest order, c.f/. tlie acetate and various other salts of 
alumina, ferric oxide and chromic oxide, eiipiTuis chloride, stannous chloride, nitrate 
of load,*&e. The acid travels outwards liy diffusion, superinducing a basic condition 
of the inner surface of the membrane, and an acid eonditiim of the outer surface, the 
most favourable condition for a high positive osmose. Again, the dibasic salts of 
iwtassinni and sodium, such as the .sulphate and tartrate, though strictly neutral in 
properties, begin to exhibit a positive osmose, in consequence, {lerhaps, of their resolu- 
tion into an acid sii})ersalt and free alkaline base. 

The following table exhibits the osmose of substances of all classes through mem- 
brane, the degree being a rise or fall of 1 millimetre; — 

• The action Increase* with the itrength of the Jotutlon up to a certain point, as the above example 
show. With stronger soUaloiis the iwres of the membrane probably becomes topped up with parttciee 
Ot anti the ifilon consequently diraiiiUhes. 
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OSMOSB OP 1 PER CENT, SOLUTIONS IN MbHBRANB. 


Oxalic acid . . • - 

Hydrochloric acid (0 1 per cent.) 
Trichloride of gold 
Stannic chloride . 

Platinic chloride . . 

Chloride of magnesium 
Chloride of sodium 
Chloride of potassium . 
titrate of sodium 
Nitrate of silver . 

Sulphate of potassium . 

Sillphate of magnesium 
Chloride of calcium 
Chloride of barium 
Chloride of strontium . 

Chloride of cobalt 
Cldoride of manga m‘sc 


Oegrooi. 
148 
‘.)‘2 
64 

- 46 

- 30 

- 3 
+ 2 
. 18 

2 

. 31 

21 to 60 
14 
20 
21 
20 

. 20 
31 


Chloride of zinc 
Chloride of nickel . 

N itrate of lead 
Nitrate of cadmium 
Nitrate of uranium 
Nilrat(‘ of eo])per . 
Cliloriiie of e«)pper 
Stannous chU*ridi' . 
Ferrous chloride 
Mercuric cldoride 
Mercurous nitrate . 
Mercuric nitrate . 
I'erric acetat»' 

Aci tale of aluminium 
Chloride of aluminium 
Phosphate of sodium 
CarbonaT<‘ of potassium 


salts 




Degroc*. 

. + 

. «8 
125 to 211 
. 137 

234 to 468 
. 204 

. 361 

289 
. 436 

. 121 
. 360 

. 476 

. 194 

280 to 393 
. 610 
. 311 

. 439 

iuterfered 


of sulphate of arid \vhih‘ the ]>oMitive osmose of the same salt 

solution ot sul[)hate of p( . ss h Iw.tween ‘>64 and 204 degrees. ((Tra ham.) 

biaa.i.r': 1.;: p,.rti:,iiy mio<i witi> m..; ,'.n, 

ofp«^, ^vate^ and .,™ 

.rnr «.• ..01,..,. .ay 

l>,,,oscappaa,-H to 1 '^., "C solulloos, auoli a» tl.o annaal ami 

that It IS pci-ali.iry c i , ,1 poip'i-ty wliioh thi'sc jaiocs possesH is 

vooota.l.lcjuus.s any aia In t j >; • ! ; ; Tho natural ..xeilation 

or.t'r«-rthc sulXt<l'.’bho .uri 

nature liy Its 'V " ,|2, , 1 ,,. „su.olic injiitimi of lluiils may, 

into moelmnical powor. 7' " ‘ , iiimrvrurs hot worn .•Imniical .Irco.nposifioii 

ja-rhaps, supply tho j,, plants appoars to dorioml upon a 

ami musonhir inovoim-nt „,„|,.,.ular aotion into imohanmal foroe. 

simdar conversion of ‘ f| tings of th.* su^ vessels m 

the leaves and other organs, and a. • , ' ! thus a regular upward 

lifpiid is absorbed from the* rof.ts to the liighest 

current is established, b> '^huh the * j > virKU-itiou couHtantly taking pi lee from 

parts of the tree. In a similar manner, ' f ' animal julres from the 

the skin and lungs of animals, causes a conlinmn. t lluw J 

interior towards the surface. ,r,. of li-iuiils tlirough colloidal septa, 

From his recent expenmonts affair of hydration and of 

Graham infers that the viafer m i or other colloid septum, and that the 

dehydnition in j ® the. osmotm ter has little or nothing to df> 

diffusion of the saline solution ] k ..f?;.Hsthe state of hydration of the septum, 

with the osmotiunmnU. Xnitlmr highly hyini.o,! 

Osmose IS generally ^ jn^tanee) eon>aim*d in Uie osmometm.. 

septa, w’ith the solution of /, ..h* Ji^avs minute an<l mav sometimes amount 

yk the diffumon oatwardHof Urn cono il I “ i.. i.,wd..f 

t., nothing. Indimd. an 

pm inrrbXyr^LXoua hydraU-. Haro no outward or double mov.ment U 
possible. 


m LIQUIDS, TRANSPIRATION OF. 

The Af'grec of hydration of any gelatinous body is much affected by the liquid 
medium in which it is placed. This is very obvious in fibrin and animal membrane. 
Placed in pure water, such colloids are hydrated to a higlier degree than they are in 
neutral saline solutions. Hence the equilibrium of hydration is different on the two 
sides of the mcmbraTie of an osmometer. The outer surface of the membrane being in 
contact with pure water, temls to hydrate itself in a higher degree than the inner 
surface does, the latter surface being supposed to be in contact with a saline solution. 
When the full hydration of tin* outer surface (extends through the thickness of the 
membrane and reaches the inner surface, it there retjfives a check. The degree of hydra- 
tion is lowered, and water must be givi n up by the inner layer of the membrane, and 
it forms the osmose. The contact of the saline fluid is thus attended by a continuous 
catalysis of the gelatinous hydrate, by which it is resolved into a lower gelatinous hy- 
drate and free water. The inner surface of the membran(^ of the osmometer contracts 
by contact with the saline solution, while the outer surface dilates by contact with pliiro 
water. Far from promoting this separation of water, the dilfusioii of the salt through- 
out the substance of the membrane appears to impede osmose, by equalising the con- 
dition as to saline matter of tin* membrane tliroiigh its wliole thickness. The advan- 
t.-ige which colloidal solutions have in inducing osmose, appears to depend in j>art upon 
tin* low diiFusibility of such solutions, and their want of power to penetrate the 
colloidal septum. 

The substances fibrin, albumin, and animal memlirane swc'Il greatly wlii'ii immersed 
in water containing minute proportions of acid or of alkali, as is well known. On the 
other hand, when tlie proportion of acid or alkali is carried beyond a point jieculiar to 
each substance, contraction of the eolloi'd takes place. Such colloids as have been 
named, acquire tbe power of combining with an increased [iroportion of water, and of 
forming sup(*rior gelatinous hydrates, in conseqiu'iice of contact with dilute acid or 
alkaline reagents, l^von parcliment-paper is more elongated in an alkaline solution 
than in juire water. Wlion so hydrated and dilated, the colloids present an extreme 
osmotic sensibility. Used as septa, they appear to assume or resign tlieir water of 
gelatination uiuler influences apparently tlie most feeble. Jt is not attempted to explain 
this varying hydration of colloids with the osmotic effi'cts thence arising. Such 
phenomena belong to colluidal chemistry, wliere tlie prevailing changes in composition 
appear to be of the kind vaguely descrilx'd as catalytic. To the future investigation 
of' catalytic affinity, tlierefure, must we look for the furtle r eliiciilation of osmose, 
((j rah am, Cheni. Soc. J. xv. 2fiS.) 

XiZQVZBS, TRAM’SPZRATZOM' OF. (Poiseuille, Ann. Ch. Phys. [3] vii. 
60;xxi.76; .lahresber. 1847- H, p. 139 ; frraham, Phil. Trans. 1801, p. 373; Chem. 
Soe. J. XV. 427.) — Tliis term is applied to the f)a.s.sage of liipiids through capillary 
tulles under pressure, in aecordaiiee with the analogy of ga.seous transpiration (ii. 820). 
The first experiments on the subject were made by Poiseuille, who determined the 
manner in which the flow of the liquid is related to the pressure, and to the length 

and diameter of the tubes ; also, in many eases, the manner in which it is affected by 

the nature of the liquid. Grraham’s enquiries wre directed cliiefiy to the relation 
between the rate of transpiration and the chemical composition of the liquid. 

The apparatus used by both these enquirers con.sists essentially of a small but rather 
stout glass bulb, A {Jig. 71 o), about two-thirds of an inch in diameter, having a capa- 
city of from 4 to 8 e. c., blown upon a thick glass tiil»e, with a bore of alsuit 2 milli* 
metres. A scratch c is made ujkui the gla.ss tube aViove, 
and another be|,ow the bulb, to indicate tlie available 
capacity of the infjtrument. The lower tube is bent at a 
right angle to thf'npper, and a fine capillary tube, 11, 
from 3 to 4 inches in length, is sealed to the curved 
extremity of the tube. The bulb and capillary are im- 
mersed in a vessel of water during the expenment, to 
secure uniformity of temperature. The force employetl 
to impel the liquid thrr»ugh the capillary is obtained from 
compressed air eontaineii in a large reservoir provided 
with a mercurial gauge. The time is note<l in seconds. 

The lupiid may Im* introduced into the bulb through 
the op«'n upper tube by means of a tube-funnel ; but it is 
more convenient, although requiring a much longer time, 
to fill the bull) by aspiration through the capillary. With 
this view, the compressed air is shut off by a stop-cock, 
and the upper tube of the bulb allowetl to communicate 
with the receiver of an air-purnp instead, whereby ex- 
haustion is produced, while the open end of the capillary is immersed in a portion of 
the liquid. The liquid which enters the bulb in this manner is sure to bo free from 
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nnv solid matter that could cause, ohstructiou in the capillary during the subsequent 
naraase of the liquid outwards, while the disconnecting of the bulb from the rest of the 
anoaratus, for the purpose of filling the former, is also aroided. 

^ From the experiments of Poiseuille it appears that when a lul^ exceeds a certain 
length (which is greater as the diameter increases), the rate of ofilux is regulated by 

the following laws 

1 The how increases directly as the pressure. 

2*. With tubes of tHiual diameter, the quantities discharged in equal tinu's are in- 

' TYi. of’eq.ml length, hnt .Uffin-ent ahimeters, the rate of efflux is .is the fourth 

^Tlufmateriat'or'whioh the tube is ina.le does not appear to inflneiico the result, but 
the nature of the liquid employed excreis<‘s a marked ejleet. The liquids 
l‘oiseiullo’8 experiments whre in most, cas<‘s aqueous solutions of various ’ 

osnocially of salts. In the majority of instanoes, the fiow ot tlie solution was slower 
tiwn that of distilled water. All the alkalis oeeasionod tins retanlation. In a tew m- 
Btunces no sensible alteration was produced; tlms neither nitrate of silver, niercunt 
ehlorido, iodide of sodium, iodide of iron, nitric, hydriodie, bromic, nor hydrobnunic ac d 
seemed to have any intliience, whilst sulphydrie and prussic acids, the n iratts and 
chlorides of potassium and ammonium, and tlie lodn (‘, Ijromid.', 

sinin increased the. rapidity of the flow ; it is remarkabh*. however, that coiu < ntnU* <l 

solutions of iodide of potassium, at temperaturi'S above 60°. and of nitrate of 

above 40°, actually flow more slowly than distilled water. Strict attention o uj c - 

porature at which these comparisons anMiiade is absolutely necessary ; J ^ 

water and with dilute solutions generally, a slight elevation of temperatim* pio( • 
gitat inererse in the rapidity of^m«x. Water, for insUnce. at 46° escapes through 

No rannoctio^i^ h:rhithl rtfboo.rtmml't^^^^ fho r«to of efflux of a li-iui.! and ita 
density capillarity or fluidity. Tlic capillarity of alcohol, as well as its density, n- 
oYasoa’irproportim. ,.a it is dilutcl will. W..I.T, whilst its ffln.hly , ,n,.n.sh.« ; bul 

retardation or acceleration occurs, us in the coirc.spondn g , 

"Tliefflllowing tables contain the numeri....! X"r 

The salts are '‘tinged ncconlinK to the acnls ^mh .^^^^^^ .„„p|„ycd. 

influence on the rate of efflux. ^ ‘''7 ’the nr.’snure^inoHsur(!d by a column of 
L is the length, D tin. diameter ol '>'• 'f;'- " ‘ „ "h.^^a«lity of snhstance h. 

water in millimetres, T the tempiwature ((tntig . ), « } printed in the thicker 
100 pis. of wab^r, S the time of efflux in seconds. Ihe tiguris pniiu 

type denote the time of efflux of pure water in eac i e.ise. ^ 

Fl^no of LiquidK throvgh Cnyil lani 


Substance. 


M. 


B. L-64;D 
T 

Iodide of potassium 


0-24946; H 
11 - 6 ° 


0 

0-1 

0-2 

0-4 

0-8 

2-0 


= 1000; 

5683 

667-6 

666-7 

666-6 

663-6 

667*6 


Sub»tanc«*. 


M. 


B. 


L ^ 64 ; I) 0 24940 ; H 1«00; 
T =11-6° 


Iodide of potassium 

” i’’ 

loilido of .sodium 


10-0 
20 0 
60-0 
0 

0-4 

2-0 


630-4 

606-7 

474-9 

5e9‘6 

660-0 

569-8 
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Flow of Liquids through Capillary Tubes — continued. 


Substance. 

M. 

S. 

o 

o 

o 

II 

w 

r=ii-2® : 



675*8 

Hydrochlorate of mor- 



phine 

1-25 

589*8 

Hydrochlorate of 



strychnine 

1-4 

590-0 

1 • T = 12*7®. 




6548 

Cyanide of potassium 

1*0 

551-6 

>» »» • 

4-0 

548-8 

„ of mercury . 

1-0 

558*4 


4-0 

564-3 


to serum : 

Serum 


1014-5 

Cyanide of potassium 

1-0 

998-7 

„ of mercury . 

1-0 

1025-3 

1 T - 11-20 




576-8 

Sulphate of potassium 

1-0 

678-9 

„ ,, 

4-0 

592 1 

„ of ammonium 

1-0 

682-0 


4-0 

698-9 

„ ot sodium 

1-0 

590-3 


4-0 

606-1 

„ of magnesium 

1-0 

590-5 

»» »> 

4-0 

630-1 

„ of zinc . 

2-0 

595-6 

„ of ferrosum . 

2-0 

609-6 

,, of morphine . 

1-25 

690-3 

T = 12-7 

o 




675-8 

Alum .... 

1-0 

592-4 


4-0 

632-4 

Phosphate of potassium 

1-0 

583*4 

»» M 

4-0 

602-7 

„ of sodium . 

1-0 

588-6 

»> „ 

4 0 

622-8 

„ of ammonium 

1-0 

590-2 


4-0 

626-2 

II ^ T - 11-2'^. 




6756 

ifiirsenate of potassium 

10 

583-3 

9} 99 • 

2-0 

590*8 

of sodium . 

1-0 

588-0 


4-0 

617*3 

Acid carbonate of am- 



moiiium . 

1-0 

580-6 

Acid carbonate of po- 



tas.sium . 

10 

580*4 

Acid carbonate of so- 



dium 

1*0 

589-8 

Carbonate of ammo- 



nium 

1*0 

583-8 

ft ft ft 

40 

602*9 

Carbonate of potassium 

1*0 

588-3 

ft tt • 

4*0 

1 617*0 

,t of sodium . 

1*0 

592*5 


4-0 

1 6227 


\B, L: 


Substance. 


M. 


64 ; D = 0-24946 ; II = 1000 ; 
T = 


Iodide of sodium 

10-0 

570*0 


20-0 

677*1 

Iodine 

0 

568-3 


sat. 

668-7 

Iodide of iron . 

0-2 

668-2 


10-0 

568*6 

Bromide of potassium 

0-4 

665-8 

„ „ 

2-0 

560-0 

M 99 • 

10-0 

637*6 

T = 11-2®. 


Nitrate of potassium . 

0 

575*8 

51 99 • 

0-1 

574-5 

99 99 

0-2 

673-5 

it tt 

0-4 

571-4 

tt tt • 

1-0 

564-5 

tt tt 

10-0 

541-2 

M 99 • 

20-0 

533-3 

„ of ammonium 

1-0 

669-4 

„ of sodium 

10*0 

531-1 

1-0 

575-9 

tt tt 

lo-o 

592*4 

„ of lead . 

1-0 

677-8 

„ of strontium . 

4-0 

682-9 

1*0 

578-8 

>» tt 

4*0 

586-7 

„ of calcium 

1-0 

681-2 

,, „ 

lo-o 

623-6 

„ of magnesium 

1-0 

583-2 

.. 

10-0 

641-7 

\a L=:37; D = 0-19495; 11 = 

= 1370-8; 

T = 14-2®. 


Nitrate of silver . 

0 

741-5 

tt it • • 

1-0 

740-9 

tt tt • • 

10-0 

741-0 

B, 11 =. 1000; 

T = 11-9®. 



5650 

Clilorido of potassium 

1*0 

660*8 

tt tt 

10-0 

544 8 

„ of ammonium 

1-0 

560-9 

99 99 

20 

556-5 

99 99 * 

10-0 

635-8 

„ of sodium 

1*0 

669-4 

♦♦ tt 

10-0 

640*3 

„ of cjilcium . 

1-0 

571-2 

>» tt 

100 

620-7 

f, of magnesium 

1-0 

574*9 


100 

646-8 


J?. H « 865 1 i 
Herciiric chloride 


T « 11-2® 


0 

10 

20 

sat. 


60850 

6081 

607*9 

607*8 
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Flov) of Liquids through Capillary TTuies— continued. 


M. 


T = U-8°. 


666-2 

Oxalate of potassium . 

1-0 

571-1 

10-0 

620-1 j 

of ammonium 

1-0 

674-2 ^ 

of sodium 

4-0 

6966 - 

i-o 

578-4 

A8id oxalate of potas- 


6734 

sium 

i-.o 

i?. U = 868 ; T 

= 141°. 



620-0 

Acetate of lead . 

1-0 

633-1 

»» If • * 

4-0 

663-6 - 

B. 11 = 1000; T 

- 11-4®. 

1 

1 

671-0 

Citrate of iron . . \ 

2-0 1 

696-3 

o’ 

II 




576-8 

Tartar-emetic 

1-0 

681-2 

If If 

4-0 

694-7 

Jj. L = 106; D = 0-17; II = 

1998-6; 

T = 12 S'". 




123' 38 " 

Acetate of ammonium 

2-0 

122 35 

1 B. 11 - 1000; T = 11-9° 



664-7 

Hydrate of potassium . 

2-0 

679-4 

„ of sodium 

2-0 

61 1'4 

Concentrated ammonia 

10-0 

628-7 

If »» 

pure 

725-4 

T = 11-2®. 




874-9 

Hy dried ic acid . 

10 

4-0 

676 0 
674-6 

Nitric „ 

1-0 

673-9 

3-2 

674-6 

If fi • 

8-2 

673 3 • 

It 

cfc 




6662 

Solid iodic acid . 

1-0 

670-1 

3-4 

573 6 

ft If • ■ 



Substance. 


M. 


T - 10^^. 


. 33-3 


4990 

489 0 


h\ L 


70; D - 

T 


t 0-207 ; H - 
- lO'’. 


: 2 039-4 

1448 

1277 

1278 
1260 


B. II = 1000; T « li e® 


Hy<lrol)romic acid 
Bromic acid 


1-0 

7-2 

1-0 

3-2 


668- 3 

669- 7 
671-4 

669- 3 

670- 5 


11 - 2 °. 


llydrocliloric ncid 


Carl)onic acid 
Artificial Seltzer water 
Solid oxalic acid . 


„ phosphoric acid 
»» 

Acetic acid . 

n • * 

Solitl citric acid . 

„ arsenic acid 

Arsenious acid . 
Concent mted sulphuric 
acid . ; 

Concent, sulphuric acid 
Solid tartaric acid 
Serum of ox-blood 
Madeini wine 
Sparkling Sillery 
Jamaica rum 


1-0 
2-0 
10-0 
20-0 
sat. 
sat. 
1-0 
2-0 
10-0 
1-0 
4-0 
1-0 
10-0 
ptiro 
1-0 
10-0 
10 
4 0 
1-0 

1-0 

pure 

2-0 

pure 


676- 8 

677- 3 

679- 6 
691-8 
604-3 

680- 6 
684-2 
682-9 
690-6 
626-7 
682-8 
003-9 
686-6 
633-4 

13160 

686-0 

682-1 

686-3 

618-0 

6786 

689-6 

1469-6 

601-1 

1048-6 

1134-1 

1462-8 

18319 


staraea oy me prw- 
transpiration tube 


i IS remarKt-vi yjj • ho much BO that the tran«pirau»7ii 

or different enl« a„«ar aUo 

prally to foUow their ratio of di^ibilitv alcohol hM a point of 
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densation of the mixed liquids occurs, — which degree of dilution corresponds with the 
hydrate, C*H‘*0.3H''0, has been made by Graham the starting-point of an important 
series of experiments on the relation between capillary transpiration and chemical 
composition. The 3-atora hydrate of methy lie alcohol, CH*0.3H''‘0, though not 
distinguished by any particular degree of condensation in volume, exhibits a peculiarity 
in its transpiration rate, similar to that of dilute cthylic alcohol. The hydrated acids 
also, in many cases, exhibit a characteristic retardation of transpiration at a particular 
degree of hydration. In hydrated substances generally, the extent to which transpira- 
tion is affe^cted by annexation of water, is by no means in proportion to the intensity of 
combination. In sulphuric acid, for instance, the maximum transpiration-time 
occurs with the hydrate ir-^SOMI-'O ; in acetic acid, with the compound ; 

of nitric acid with 21IN0^3II*0; and with alcohol, as above observed, with the 
hydrate C'-IP0.3H‘0. Tlie transpiration-times of these hydrat(‘s are given, amongst 
other results, in the following table, in which the transpiration-time of water at^the 
same t(‘mj)orature is taken as the unit of comparison : 


Trcmifjnration-tim'S of Acids, Alcohols, and Ethers. (Graham.) 


1 

I.iqiikl (undiluted). 

'I'ranspira- 

lion-time. 

Degree of 
hydration. 

1 ratispi ra- 
tion-tune. 

Water. 


l-OOOO 




Methylic alcohol . 

0 IPO 

0*63()0 

+ 

aiiH) 

1*8021 

Ethylic alcohol . 

CHPO 

1*195() 


3IPO 

2*7582 

Amvlic alcohol . 

OHP'^O 

3*6190 




Formate of ethyl . 


0*5110 




Acetate of ethyl . 

enw 

0*5530 




Butyrate of ('tliyl . 


0*7500 




Valerate of ethyl . 


0*8270 




Acetic acid . 

C^'lIH)- 

1*2801 


HO 

2*7400 

Butyric acid 

C‘IPO^ 

1 *5650 


H-’O ! 

3*2790 

ValiTiunic acid . 


2*1550 

+ 

H-0 

3*8390 

Nitric acid . 

Niro* 

0*9899 

+ 

3H‘0 

2*1034 

Sulphuric acid 

Sll-O' 

21*6514 

+ 

ir^o 

23*7706 

Acetone 

CHPO 

0*1010 


OIPO 

1*6040 


On comparing the transpiration-times of the several alcohols, ethei-s, and acids in 
this table, it will be seen that, so far as these observations extend, the order of succais- 
sion of individual substances in any homologous series is indicated by their degree of 
transpirability as clearly as by their comparative volatility, the lu'avie.st molecules 
liaving the slowest rate of efflux. It may also be observiul that the transpiration rati; 
of an acid is slower than that of an ether with which it is mctameric; butyric acid, for 
example, is slower than acetate of ethyl. 

3bIQ170RICE. Sec Glycykuhizin (ii. 920). 

XiIRIODBlN'l>RIlir, A neutral substance, existing, according to Emmet, in the 
stem of the tulip-tree {Liriodrtidron tulipifera). It is obtained by exhausting the 
bark with water, conci'iitrating to ono-fifth, washing the impure substance which 
separates with W'lnik potash, and crystallising from boiling dilute adcohol. It crys- 
tallise.s in scales or in radiating needles. It p bitter, melts at 83°, is partly volatile, 
Sparingly soluble in water, very soluble in Atcohol and (^ther. It is decomposed by 
strong hydrochloric or sulphuric acid, the latter converting it into a brown rosin, 
lodint) colours it yellow. 

Xil&OCOKTZTS. Octahedral Arsenate of Copper, Chalcophacite, Jdnsenerz . — 
This mineral occurs in trimetric crystals, exhibiting the combination ooP . Poo, occa- 
sionally an inch in diameter, but usually minute. Angle ooP ; ooP = 119° 20' ; 
Poo : Poo *=»72° 22'. Cleavage lateml, but obtained with difficulty. Rarely granular. 
Hardness = 2 to 2’5. Specific gravity = 2*882 to 2*985. Lu.stre vitreous, inclining to 
resinous. Colour and streak sky-blue. Fracture imperfectly conchoidal, uneven. 
Imperfectly sectilo. 

When heated it turns green and begins to glow, then becoming dark brown. On 
charcoal before the blow-pipo it melts slowly, and forms a red brittle bea<l ; when 
r*iduced with carbonate of sodium, it yields white scales of arsenide of copper 
(Dam our). It is completely dissolved by acids, and even by ammonia. 

The following are analyses of liroconite from Cornwall; a, by Hermann (J* pr, 
Chera. xxxiii. 296) — b. by Damour (Ann. Ch. Phys. [3] xiii. 401)— c. by Trolle 
Wachtmeister (Kongl Vet. Acad, Edrhandl 1832, p. 80): — 
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PH)» 

CuO 

Al*08 

H*0 


23*06 

3*78 

3638 

10*86 

26*01 « 

99*02 

22-40 

3-24 

87*40 

10*09 

26*44 e 

98*67 

23*14 

2*98 

39*16 

8-94 

26-78 « 

100 00 


These results may be represented by the following formulae : 

a. (4AI*0».I«0*).3(6Cu0.A8»0»).481P0 

b. (4A1*O*.P“O').4(6CuO.A8W).60IIH) 

c. (4A1*0«.F'0*).6(6Cu0.A8*()‘).72I1*() 

Liroconite oecupe, with Tiirious ores of copper, pyrites, and quarts, at Huol Gorland 
and Huel Unity, in Cornwall ; also in minute crystals at llerrengrund. in Hungary, and 
in Voigtland. (Dana, ii. 429.) 

UTBB08P0SB. Syn. with Hbavt Spab. 

l^TBXlJMa Atomic weight 7, Symbol^ Li. — Lithia, the oxide of this metal, was 
discovered by Arfvodson in 1817. It was first obtained from petalite (silicate of alu- 
minium and lithium), in which it exists to the amount of 5 per cent. ; it exista also 
in lithia-spodumono (8 per cent.), umblygonite(ll per cent. htriphyline ( 3*4 woeiit), 
lepidolite (3*6 per cent.), apyrite, and the tourmaline of Uton in Sweden. The mow 
abundant source of lithium yet discovered is a mineral spring in Cornwall, analysed by 
W. A. M iller {Reports of the British Association, 1864). In smaller quantities it is 
veiy widely diffused, being found in sea-water, in many micas and felspars, in the ash 
of various kinds of tobacco, in sea- water, and in many mineral springs.—Bunsen has 
lately detected it in the meteorite of Juvenas in France, and in that of Parnallee in 
South Ilindostan (Ann. Ch. Pharm. cxx. 263), and Engel bach has found it in the 
metorite of the Cape. (Pogg. Ann. cxvi. 612.) 

Brandos (Scherer’s Annalen, viii. 120) stated that a white combustible metal is 
obtained from lithia by the action of the electric current, but metallic lithium was 
first obtained in definite form by Bunsen (Pogg. Ann. xciv. 107). The process is as 

Pure chloride of lithium is fused over a spirit-lamp in a small porcelain crucible, 
and d 4 *compo.sed by a zinc-carbon battery of 4 to 6 cells. The positive |)olo is a small 
splinter of gas coke (the hard carbon deposited in gas-retorts), and the negat ive pole 
an iron wire about tno thickness of a knitting-needh*. After a few seconds, a small 
silver-white regulus is formed under the fusixl chloride, round the iron wire and 
adhering to it, and after two or tliree minutes attains the size of a small pea. To 
obtain the metal, the wire pole and regulus are lift wl out of the fused mass, by a sniall, 
flat, spoon-rthaped iron spatula. The wire may then be withdrawn from the still melted 
me tal, which is protected from oxidation by a coating of chloride of lithium. The metal 
may now be easily removed from the spatula with a pen-knife, after having been eoolwl 
under rock-oil. These operations may bo repeated every throe minutes ; and thus an 
ounce of the chloride may be reduced in a very short tinio. 

Lithium, on a freshly-cut surface, has the colour of silver, but quickly tarnishes on 
exposure to the air, becoming slightly yellow. It melts at 180°, and if presi^d at that 
ft'mperature between two glass plates, exhibits the colour and brightness of polishwl 
silver. It is harder than potassium or sodium, but softer than lead, and may, like that 
metal, be drawn out into wire. It tears much more easily than a lead wire of the same 
dimensions. It may be welded by pressure at ordinary temperatures It 
rot^k-oil. and is the lightest of all known solids, its specific gravity being 0*689— 
0-678. (Bunsen.) _ , . , 

Lithium is much less oxidable than potassium or sodium. It makes a lead-gwy 
streak on paper. It ignites at a temperature much higher than its melting point, 
burning quietly, and with an intense white light. It bums when heated in oaygen. 
chlorine, bromine, iodine, or carbonic anhydriilc, and with great brilliancy on lulling 
sulphur. When thrown on water, it oxidises, but does not fuse like wxlium. Nitric acid 
acts on it BO violently that it melts and often takes fire. Strong «ulphunc acid attacks it 
slowly; dilute sulphuric acid and hydrochloric acid quickly. Sil^ glass, and po^- 
lain are attacked by lithium at temperatures below 200 . (Bunsen, Ann. Cn. 
Bharm. xciv. 107.) 

UTKZUM, cmXiOmXlIB OF. LiCl. Produced when lithium bums in chlorine 
gaa ; ahio by diaeolving lithia or carbonate of lithium in hydrochloric ^d. hy ovapo- 
rating the aqueous solution at temperatures above 16*6 , or an alcoholic solution over 
sulphuric amd, the anhydrous chloride is obtained in cubes having the taste of common 
aalt (C. Qmelin). According to Trooat, it crjrataUiac* in regular ocUhcf^na. Acceding 
to H. Rose, it is more volatUe than chloride of potaaaium, leea volatihi than chloride 
of w^m. In open veeaela it volatiliace oren below a red heat, and la partiaUy eon- 
vertefinto CArbonatoe 
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The hvdratei cU(mde,UC\S.^O aeoording to Bammebb^ Ija2HK) accordiug 
to HermoDn and Trooat, is formed when the anhydrous chlonde dehquescM m the air, 
or when the aqueous solution is evaporated at a rather low tomperature ( mIow 10), 
and crystaUises in large rectangular prisms with foiw-sided summits resting on the 
lateral edges ; it is probably isomorphous with hydrated chlonifo of ^lum. By rapid 
crystallisation, it forms needles grouped in feathery ti^ like sal-ammoniac 
(Hermann). Both the anhydrous and the hydrated chlMide deliquesce rapidly in the 
air, and dissolve very readily in water and in alcohol. (C. Gmoliu.) 

UTKXUM. »BT»0T3I01I AWB BSTIKATIOU; OP. 1. Reactions in 
the dry tea Lithium salts are white, excepting those which contain a coloured acid 
such as chromic acid. They are more readily fusible than the corresj^nduig salts of 
potassium and sodium, and are permanent in the fire, if the acid is not tM volatile oi 
iLily decomposed. Fused with carbonate of mdimn on platinum foil, they cause 
a dark yellow stain round the circumference, whilst carbonate of sodium by itself pro- 
duces this effect to a much smaller degree only (Berzelius). Fused on platinum 
wire they colour the blowpipe flame carmine-r(‘d. An excess of a potassium- salt docs 
not interfere with the production of this colour, but the presence of a small quantity 
•kf soda gives rise to the yellow flame (H. Bose). Alcohol, in which a salt of lithium 
18 dissolved or diffused in the state of fine powder, also burns xnth a carmine-red 
flame (C. Gmelin). The same occurs also with paper saturated with a solution 
of a salt of lithium, or the wick of a taper saturated with moistened phosphate or ace- 
tateof lithium (Turner. Ed. Phil. J. of Sc. ii. 267 ; iv. 113). By 
spectroscope, the occurrence of very minute traces of lithium inay be detect^, by a 
brilliant crimson band, having a refrangibility lietweon those «f/he lines B and C of the 
solar spectrum, and a faint yellow band somewhat less refrangible than the line D. Jii 
these two lines the whole light of the lithium spectrum is contained, when formed by 
the gas-flame of a Bunsen’s burner. At very high temperatures, however, such as that 
of a nydrogen-flame, a blue line also makes it.s appearance. . i * *1 

2. Iteactions in Solution.— A\\ salts of lithium are soluble in water; but the 
carbonate and phosphate, and the double phosphate of lithium and sodium are but 
slightly soluble. Hence the other salts of lithium, when not dissolved in too much 
water yield difficultly soluble precipitates with carbonate of ammomum, potmsium or 
sodium, and with phosphate of sodium. Carbonate of sodtum precipitates the salts of 
lithium after some time only. Common disodic phosphate not precqiitate Ih^m in 
the cold, oven after a long time, except on the addition of ammonia, which ^adually 
gives rise to an abundant precipitate. But a mixture of a salt of lithium with phos- 
ihate of sodium becomes turbid by boiling or evaporation, and the dry residue, on 
►eing treated with water, leaves the difficultly soluble phosphate of lithium and sMiuin. 

Phosphate of potassium gives no precipitate, even on boiling or evaporation ; but on 
the addition of a/nmonia, an abundant precipitate after some time (11. Bose), /i//- 
drokuosilicic acid throws down from salts of lithium the almost insoluble fluoride of 
•ilicium and lithium (Berzelius), and;jicWc add precipitates picrate of lithium (B. 
Rose). Solutions of lithium-salts, even when conceiitmted, are not precipitated by 
perchloric acid, sulphate of aluminium, dichloride of platinum, oxalic acid, or tartaric 

A solution of a salt, which is not clouded by caustic soda in the cold, or by carbo- 
nate of sodium at a boiling heat, but yields with phosphate of sodium, on evaporation, 
an almost insoluble white powder, contains lithia. (Berzelius.) ♦ww, 

3. Quan titative Estimation and Lithium, ^er separation fwm 

other metals, may be estimated as carbonate^ulphate, or chloride. The hydrate 
organic salts of lithium are converted into carbonate, Li^CO>, when ignited in contact 
with the air. All lithium-salts containing volatile acids, may be converted into sul- 
phate by heating them with sulphuric acid ; tlnj excess of acid exj^lled by 

simple ignition, without addition of carbonate of ammonia, because lithium does not 
form an acid sulphate. The chloride is not so well adapted for quantitative estimation 
as the sulphate, on account of its hygroscopic qualities; but as lithium is generally 
obtained as chloride, in the process of separating it from sodium, it is convenient to 
estimate it directly in this form: it must be ignited in a well-covered crucible, and 
weighed immediately after cooling. 

Lithium may also be estimated as phosphate, Li»PO‘ by eva^reUng the sofotiod of 
a lithium-salt with phosphate of sodium, addiug a quantity of hy^te or Mrbonate ol 
sodium sufficient to keep the liquid alkaline: digesting the r^idue with ammmia, 
and washing the precipitate with a mixture of equal volumes of water and ammoui^ 
then drying at lOO®, and igniting. The determination may be 

by repeatedly evaporating the aitrafe and wash-water, and troating the small qi^tit^ 

of litom-phosphate thereby separated, as before (W. Mayer, 

xcviii. 193 ; Jahresb. 1866, p. 739). According to fta-nmelsberg (Pogg. Ann. cu. 
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441 ; Jalu^sb, 1857, p. 141), solutions of lithium treated with phosphate and carbooale 
of sodium yield salts of the form M*PO*, containing variable quantities of lithium itnd 
sodium ; but Fresenius (Zeitschr. Annal. Chera. i. 42) finds that the precipitate ob- 
tained as above always has the composition Li•PO^ and, accordingly, that Mayer’s 
process is capable of yielding correct results. 

Lithium is separated from the earth -metals and heavy metals in the same 
manner as the other alkalis, namely, by sulphydric acid, sulpliide of ammonium, or 
carbonate of ammonium, &c. From potassium it may be sepanited hy dichioride of 
platinum, which precipitates potas.sium, but not lithium ; and from sodium, by con- 
verting the two alkalis into chlorides, and treating the dried chloridi>s, in a well 
closed bottle, with a mixture of tthr and absolute alcohol, which, in the course of a 
few days, dissolves the chloride of litliiiim, and leaves the chloride of sodium. 

As, however, this last process is somewhat tedious, and is apt to be rendered inexact 
by t|>o presence of moisture, Bunsen (Ann. Ch. Pharni. exxii. 348) rcicommends the 
following indirect method of estimating lithium, when it exists in the state of mixture 
or combination with other alkali -metals. The anliydrous mixture of the chlorides of 
the alkali-metals is repeatedly exhausted with ether-alcohol ; the residue obtained by 
evaporating this solution is again tr»iated in the same manner ; and the evaporated 
residue of this extract is ignited and weighed. It is then dissolved in water; the 
total amount of chlorine is determined by prt'cipitation with nitrate of silver; the 
filtrate is then freed from excess of silver by hydrochloric acid, and the potassium con- 
tained in it is precipitated by chloride of platinum. The quantity of chloride of potas- 
sium thus determined gives, when deducted from the total weight of the chlornles, a 
remainder A = a* chloride of lithium -f //chloride ot K(>diuny, and tho quantity of 
chloride of silver equivalent to the kn<)wn quantity of chloride of potassium, gives, when 
deducted from the total weight of the chloride of silver, a weight B, whence the quan- 
tity of chloride of lithium is calculated by the formula — 

0,'=^ 1*0823 B— 2-6625 A. 


4. Atomic weight of Lithium. The earlier determinations of this number by 
Arfvedson, V'auqutdin, C. O. Gmclin, and Knilovansky, were mueh too high having 
been made with lithium-salts containing sodium. Hermann, Bt^rzelius, amt Hagen 
i)repaT(*d carbonate of lithinm free from sodium by jireeipitation willi earhoimte of 
anin.oinum, und converted it into sulplnite, whieli was lin n anulyseil l)y preeipiUition 

with Iwrytii. In this manner Bor/elmn obUinod the iminhorO fi. ' 

lained by Hermann and Hagen were lower, and ev.m that of Heravliua “ , 

by Rube^uent experiments to be l< o low, the error probably arming from parlnil 

decomposition of the carbonate of lithiam during fusion. t r.i ■ u,;fi, i.liniTu 

Mallet (Sill. Am. J. xxii. 349), by decompomng chloride of lithium ' 
of silver, obtained tho numbers 6-92 and 6-96. Diehl (Am)- f-[i- 1 • ** ; ' )• 

hy the analysis of carlamate of lithium, the purity of which had '-•‘o ' b si. d by 
spectral analysis, found tho atomic weight of the metal = 7026^. -rfooet (Mexxin. 
.334), by decomposing the pure carbonate with silicic ^id. obtained the iiiiiiiber 7 ( I , 
the analysis of the chloride gave the same result; and the ^ ^ 

lamate by sulphuric acid yielded the number 7 06. From all those results, tho iiuirt- 
ber 7 is Adopted as the true atomic weight of lithium. 

ZiXTHnna. FXiVOBISB or. This eomj^und crystallises 
solution in very small opaque Krains, which at the leinperat^ 

Mf's.s, fuse to a clear mass, ^ain becuming cloudy as it solidifies. It y 8 y 
soluble in water. (Berzelius.) 

XOTanna. 0BX»B or. WMa, Vm.-Anh,jiro«^ lilhia is obtained as a 
yellowish-white spongy mass, containing a certain quantity o 1*™**^ ^rfroost’ 
lithium in oxygen, and leaving the product to cool in a stream of the. gas. (1 roost, 

"^The^rf^a^ mly"'!^” obtained from petalito, 

silicates containing lithium (most iwlvantagi-ously from . -Il . following 

which is a phosphate of lithium, maiiganeso, iron and aluminium, by tho f dio g 

^TLe'^iddite, petalite, or lithia-spcdumene. reduced to 

gation, ii ignited with twice it* weight of quicklime ; '*>« ">“"* is treated with^ 
chloric seif then with sulphuric acid : tho resulting sulphate of lithium is a.^iveu 

tr^ with a quantity of baryta-, a^r just suffi^en tp throw down the sulphurm 

“.Sr. (Sr aSSTw n?i) -yp»d.»i 

3x2 
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with 10 pts. of carbonate of barium, 6 pts. sulphate of barium, and 3 pts. sulphate of 
potassium. The fused mass separates on cooling into a heavy transparent glam and a 
iupematant white crystalline slag, consisting of the sulphates of barium, lithium, 
potassium, and sodium, and containing nearly all the lithium. The alkaline sulphates 
are dissolved out by water, and converted into chlorides by chlonde of banum; the 
potassium is precipitated by chloride of platinum, and the chlorides of lithium and 
so^um are separated by means of alcohol and ether. In operating on a large scale, 
the double sulphate of lithium and potassium may be separated by fractional crys- 

fallisiri ^ ^ is dissolved in strong hydrochloric acid, nitric acid being added to 

bring the iron to the state of ferric oxide ; the solution is evaporated to dryness; and 
the residue is treated with water, which leaves all the iron as insoluble phosphate. 
The solution containing the chlorides of lithium and manganese and a little phos- 
phoric acid, is treated with sulphide of barium, which removes the two lattei sub- 
stances ; the excess of barium is removed by sulphuric acid (or better, by carinate of 
ammonium), and the filtrate is evaporated to dryness and ignited. Chloride of bthmm 
thus obtained frequently contains chloride of sodium, which may be separated by 
alcohol and ether. The chloride is then converted into sulphate, and from this salt 
caustic lithia is obtained as above. (Muller, Ann. Ch. Phys. [3] xlv. 360.) 

Hydrate of Lithiwm, LiHO, separates from the aqueous solution in small crystalline 
grains. It has the same biste, causticity, and alkaline action on vegetable colours as 
potash and soda, but is much less soluble in water. It melts easily below redness, 
forming a fused mass which has a crystalline fracture. It does not appear to volatilise 

at a white heat. . 

Fused lithia, as commonly prepared, corrodes phitinum vessels powerfully, so ttiat 
silver vessels should always be used for heating it. This action upon platinum is said, 
indeed to be one of the best indications of the presence of lithium; but, according to 
Troost (Ann. Ch. Pharm. cxxiii. 384), it is not produced by pure lithia, or by any 
pure lithium-salt, but only by such as contain caesium and rubidium. 

Peroxide of Lithium is said by Troost to be formed, together with lithia, when 
lithium is burned in oxygen gas. 

&ZTHXVM, SUXPBZBXI OF. Li*S. Thi.s compound is formed when lithium 
is thrown on melted sulphur ; also when sulphate of lithium is heated to redness with 
charcoal. It dissolves in water and alcohol more easily than lithia. 


ILZTHOO&AFBT. See Printing, Chkmical. 

IbZTBOMABOB. Stune-marrov) (Steinmark). A kind of clay, of which there 
are two varieties, the friable and the indurated. 

Friable lAthimarge—OiAoviT white. Massive and sometimes in eru.sts ; particles 
scaly and feebly glimmering; streak shining. Slightly cohering. Soils slightly. 
Feels rather greasy ; adheres to the tongue. Light. Phosphore.sces in the dark. Its 
constituents are, according to Klaproth, silica 32, alumina 26 6, iron 21, chloride of 
sodium 1‘5, and water 17 0. It occurs sometimes in tin-stone veins. 

Indurated Lithomarge. Colours yellowish and reddish-white. Massive and amyg- 
daloi’dal. Dull, opaque. Fracture fine <*arthy. Streak shiny. Soft, sectile, and 
easily frangible ; adheres strongly to the tongue ; greasy to the touch. Specific gravity 
2*44. Infusible before the blowpipe. Some varieties phosphoresce, and others, when 
moistened, afford an agreeable smell like that of nuts. Its constituents are, siliei 
45*26, alumina 36*6, oxide of iron 2*76, waiter 14, and a trace of potash (Klaproth). 
It occurs in veins in porphyry, gneiss, 4pc., at Rochlitz in Saxony, and at Zdblitz. 
(Jameson.) t • 

UTBOSFaBMVM. The root-bark of Lithospcrmum arvcnse contains a red 
colouring matter, which reacts with water, alcohol, ether, and alkalis, in the same way 
as that of alkanet (i. 128), excepting that the lithosperm-red forms a blue solution 
with ether, whereas alkanet- red forms a dark red solution. (Ludwig and Krom aye r, 
R6p. Chim. app. 1869, p. 211.) 

XtXTBKlFS* Lackmus. Toumesol cn pains. — A blue colouring matter, used chiefly 
for preparing test-papers. It is obtained from various species of Roceella, Variolaria, 
and Lecanora, the same lichens in fact that yield archil (i. 366). It appears from the 
experiments of O^lis (Re^me Scient. vi. 60) that the blue colouring matter is 
developed in the lichens by fermentation, when the proximate principles contained in 
them are metamorphosed in presence of an alkaline c^bonate. Under the influenc^ of 
the air and ammonia alone, these lichens yield nothing but archil ; but if an airline 
carbonate is likewise present, the lichens undergo a totally diflfrrent alteration, and the 
product of the fermentation, instead of being red or violet, has then a pure bluFcolour. 
This blue coloration is due to the combination of the new colouring matter with the 
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iv«li • for BOds, as is -well known, redden litmus, that is to say, they unite t^h tte 
l^ralte the colouring matter of the litmus, which in this slate is r^ like 
Jh^of ar"hil Vnien 2 pts. of Roccflla Unctona and 1 pt. carlKimite^ol potassium ^ 
^^tldlT moistened with carbonate of ammonium, or with urine which is saturat^ 
^that JSt the mass acquires in three days a brown or dirty red ooloiir; in 20 
davs a Durple red ; in 30 days a blue colour: and in 40 days yields lilimis of the • 
or 26 day t Phumi xxiv 277) Litmus is pn'pared m KoUaiul from 

Cl" /area ’.^d S. "Iw^Ln. the Cai.arJ iSes, the coloure.1 mas. 

r;™ s: ‘ 

residue, wmen coiiiiiiuB I u ^ t till fffiTViisceuce eeiwes and tho 

digested with warm ether as ouj, i «thpr It-ive*^ Erv thro lei n in the form of a 

prelmouSitahied by “d’Z ‘buirsoi" 

I.^:p;Tthrre2i& 

m^Ut^TsiiWdric^aciYndsu:^^^^ 

liquid ia evaporated to dryness, residue is but of small 

sal-ammoniac is separateil ’’If ^Xur of lie solu^^^ioii : it sometimes consists 
-re rU oV .spaniommin, a substance not contaiiiing 

'"•Zrnminis a red-brown amorphous powder which dissolves with blue colour ill 

“TanioWm'i" obtainid'‘miaed with srelitmin, but it appears to be of a 

‘%7^rein is a semi-fluid mass of a flue rial colour, and dissolves in ammonia, 

forming a purple liquid. coloured blue 

Krytnrolitmin forms crystalline gram. 'insoluble in water, 

by potash, and forming, witli "p’ i,y Kano with these substances, 

The following are the analytical Z, i2-24V 

- “ - - '.‘.H- r;:r 

Carbon • • 74 27 u.i /)-35 662 3*11 

Hvdrocen . 10 68 8*69 « 1 \ 

^ ® tH th« only one which containn nitrogen. Kane 

Si:!rJ5“L”S™ «S “e- 

” sfp' = 

(carbon 49 6, hydrogen < l-..”"™«'^ilii*rnved from orein in the manner shown by 
1 at. oxygen more than orcein, and mig i 

the eqiiiition, ^ ., 0* =- C’H’NO* + H'O. 

If this 1. tree, the action of 

S'eTnCre^of air -d ammonia, so as to produce a new compound more 
highly oxygenated than orcein. 
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The ammoniacal solution of azolitrain forms with the salts of the heavy metals, precipi- 
tates which are red or blue, according to the quantity of metal contained in them. The 
azolitmates of barium and calcium are blue. The lead-compound^ which has a fine 
riolet colour when recently prepared, but becomes blue when dried at 120®, appears 
to contain 2C’H*PbN0*.Pb'‘'0. The stannous salt is a lake of a fine violet colour; by 
exposure to the air in the moist state it is converted into a stannic compound of a 
splendid scarlet colour. 

Azolitmin suspended in water through which chlorine gas is passed yields yellow 
chlorazolitmin. 

Azolitmin subjected to the action of nascent hydrogen, is dissolved, and converted 
into a compound called by Kane, leucazolitmin, which, however, cannot be obtained 
pure, because it oxidises immediately and becomes coloured when exposed to the air. 
A white compound of leucazolitmin with sbinnic oxide is formed by boiling the 
stannous compound of azolitmin with water ; on exposure to the air, it is immeSately 
converted into the scarlet stannic compound of azolitmin. 

XiZVSR, GZiTCOGZSlZZC FUNCTZOIT OP. See Glycogen (ii. 906). 

ZiZyBS OP SVXiPHyR. An old term applied to a mixture of the higher 
sulphides of potassium, obtained by heating sulphur with carbonate of potassium in a 
covered vessel. (See I?otassium, Sulphides of.) 

ZiZXZVZATZOW. The application of water to the fixed residues of bodies, for the 
purpose of extracting the saline part. 

&ZXZVZUM!. A solution obtained by lixiviation. 

ZiOAl>STOI9rE. Magnetic iron ore (p. 397): see also Magnetism. 

XiOAM. See Olay (i. 1023). 

EOBEXiZSTS. An alkaloid existing, according to Bn stick and Procter (Phann. 
J. Trans, x. 270, 450) m Lobelia in flata. It is oily; cannot bo volatilised without 
decomposition ; dissolves very readily in water, alcohol, and etlitT; and forms crystid- 
lisable salts wdth hydrochloric, sulphuric, nitric, and oxalic acids. The solutions arc 
precipitated by tannin. It acts as a narcotic when taken internally. 

XiOBOZTS. A magne.sian vesnvian from Norway. (See Vesuvian.) 

BGSXiZlisrGZTE. Syn. with Leucopyritr (p. 585). 

XiCBWBZTE. A sulphate of magnesium and sodium, Mg"Na’(SO*)* 2JH*0, from 
Ischl, approaching astnichanite in coTiiposition. It is of yellowish colour, specific 
gravity 2 376, and gives by analysis 52 35 SO*, 12-78 MgO, 18*97 Na*0, 14-46 
and 0*66 iVO* and A1*0» = 99*21. (Karafiat, Ilaid. Bcr. 1846, p. 266.) 

XtOGAWXTB. A variety of pyrosclerite from Calnmet Island on the Ottawa, 
Canada, where it occurs aissociatcd with scqx'ntinc, plilogopitc, pyrites, and ajjatitc, 
in crystalline limestone. It has a weak subrc.iinons lustre, pale or dark brownish 
colour, and greyish streak. Hardness =--- 3. Specific gravity 2*6 -2-64. Siunotimes 
ill crystals with rounded angles, which appear to be ps<*udomorphs ; one gave tlie 
angle 124°, near that of hornblende. Contains 32*49 per cent, silica, 1318 alumina, 
35-77 magnesia, 0 95 lime, 2*14 protoxide of iron, and 16*92 water (including carbonic 
acid) - 101*45. (T. S. Hunt, Phil. Mag. [4J ii. 65.) 
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XiOGWOOB. Bois de Camphehe. Blauh^c . — The tree which yields this wood 
is called by Linnaeus, Hcematoxylmn campeefianwn. 

liogwood is so heavy as to sink in water, compact, of a fine grain, capabh' of 

brtng polished, and scarcely susceptible of decay. Its predominant colour is n>d, tinged 
with orange, yellow, and black. 

It yields its colour both to spirituous and wateiy solvents. Alcohol extnicts it more 
readily and copiously than water. The colour of its dye is a fine red, inclining a little 
to violet or purple, which is principally observable in its watery decoction. This, b*ft 
to itself, becomes in time yellowish, and at length black. Acids turn it yellow ; alkalis 
deepen its colour, and give it a purple or violet hue. 

Stuffs would ta|ce only a slight and fading colour from decoction of logwood, if they 
were not previously prepared with alum and tartar. A little alum is also added to the 
bath. By these means they acquire a prett)* good violet 
^ A blue colour may be obtained from logwood, by mixing verdigris with the bath, and 
di;raing the cloth till it has acquired the proper shade. 

The great consumption of logwood is for blacks, to which it gives a lustre and vel- 
vety cast, and for gre)*s of certain shade.**. It is also of very extensive use for different 
compound colours, which it would be difficult to obtain of equal beauty and variety W 
means of drugs affording a more permanent dye. 
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Ticcootion of logwood is frequently mixed witli that of l.rasil-wood. to render colours 

j their oroportion being varied according to the shade desired. 

aoeper, toir p P B , l,g alumed, 

J^C^d aluming, it would Uvke only a reddish tinge that ^ 

mf“ngl4wood and Imizil-wood in various proportnins a great 

more or less inclined to red, from lilac to violet. See Ha,MAri>xYi,m (p. ). 

X,OMOirrrB. Syn. with L.AUMONTITK (p. ITi). 3 „ 

1.ftHCBZSrrB. A variety of mairasite or white iron pyrites, found «*• 

SSrP'wS ”«r“oXM.“l l•i.e“ i lt* A,,;,. ,..«l VM., 

..a.s>M BOOT The root of Hy sueeessive treatment with 

il'.? akS;* win- a d nte hydroel.lorie aeid, it yields about 4.1 per cent, of 

C-'H'‘Nh r,jn,hmMi»e. (Laurent, Ann. f'h. I’hva. |3) xix. 360. 

J®”eTAnn.CkPharm.,liv.,3 Goand^ 

"'jrrTii’i* nt /v 1010 )-An\.rganm base prodneed by the dry disidlation of hy- 

l«rsm:;:) t-t hyd (,>. ih^.x •*>« 

IminprnTiS amarine, may be represented by the equation. 

^ .3(;-'lI'“N' + C-'Il'" + 2M1*. 

HnliobeiiJAiiii.lo. l,o|,liloe. <>0. 

The compound C-ll" - HC’H- (polymeric with .stiHsme) is probably the oily matter 
which distils ammonia escapes, together with 

amSC^^tnihandtlL-remm^^^^^^^ 

;:^:rd;g;;^iprk;t : ii^^ 

liquid on croling desalts thie.id ' J j„ /tiicr, with alcohol containing 

hVSoricadrmixATsolntion^ 

>)oiling with alcohol containing hydrodil ir extracted by ether, 

obtained by “""V'Pj' , "^]’7h7 ihkne hy*^ rock-oil, and the residue, con- 

the stilbeue by tolling alco^ Kv tmilii.u with aleidiol and potash, or with alcohol 


?;om <ii»triling the mixtu^ obtaimsl J" J^'Xr.intain; pie^^^ 
weeks with sulphydratc sublime in the iieek of the retort during 

— i. The needle-whapcd ^ , •imnioniutn with hydrate of calcium, are 

the distillation of sulphite o 11: ,.,1 ,jfter bf iiig tresitvd with animal charcoal, 

dissolved in hot alcohol and '1 “ ‘ ^ retort, very quickly and 

The formation of 'oph'- :lr’:,f'';to 1 stlllatio„, witlPr^l-h/cpids 

covering the upper part, at Uh ^ , „rfx*»>Hs is to add a quantity of quick- 
(Goss^ann). Th;;bc"t gLllo> glo- 

lime, equal in weight to the h><lrute, ^ f,- ,> iH filled witli the mixture, 

bular retort coaUnl with day, and cover . ^^ation Only small quantit ies should 

with live coals, from very begnnn.ng^ ^ 

to operate on When the operation is thus conducted, only 
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pj^ of the retort begins to be covered with radiant masses of lophine, and the forma* 
tion of secondary products ceases, nothing being formed but lophine and free ammonia] 
At the commencement, a small quantity of an aroniatic oil accompanies the lophine 
apparently resulting from the decomposition of the amarine into lophine and other 
products, the principal of which is amarone (Gossmann and Atkinson). Purifi- 
cation as in Laurent’s method (1). 

Properties. — Lophine forms colourless noodles, often an inch long, grouped in tufts 
and having a lustre similar to that of caffeine ; they become opalescent after a while* 
but retain their lustre. At 250® the compound sublimes, gradually but completely,* 
without previous fusion, and without decomposition. It melts at 265®, forming a 
transparent liquid, which at 260® solidifies in a radiating crystalline mass. It is taste- 
less and inodorous, with scarcely any alkaline reaction. The alcoholic solution exhibits 
fluorescence like quinine, but not in so high a degree. It has no action upon polarised 
light (Gossmann and Atkinson). G. Kiihn (Chem. Centr. 1861, p. 237) ob- 
tained, by the dry distillation of hydrochlorate of hydrobenzamide (p. 184), two 
modifications of lophine, one crystallising in needles which melted at 230®, the’other 
(likewise obtained by Ekman, Ann. Ch. Pharm. cxii. 151) in needles which melted 
at 170®. 

The composition of lophine has been variously represented by the formulm 
and (Laurent), C*'H'W (Fo wnes), (Gossman n and Atkin- 

son), C"II'®N‘' (Liszt). Fownes’s formula, agrees best, on the whole, with 

the analyses, and likewise affords the best representation of the formation of the com- 
pound from hydrobenzamide (or from amarine) : 


Calculation. 

851 

Lau mi t. 

Fowneg. 

Gossmann. 

Gossmann 

and 

Atkinson. 


252 

856 

860 

85-2 

85 7 

84 7 


16 

5-4 

5*4 

5*1 

5 4 

5*5 

5-6 

9*5 


28 

9*5 

9-2 


9*1 



296 

1000 

100-2 


997 


99-8 


Laurent’s second analysis, which differs considerably from all the rest, was probably 
made with impure material. 

Lophine is insoluble in water, veiy sparingly soluble in boiling afcokol and ether, 
crystallising in needles on cooling. It dissolves to about the same amount in rock-oif, 
and in oil of turpentine, whence it separates in a crystalline powder on cooling. It 
dissolves easily and without decomposition in boiling alcoholic potash. (Lau re n t.) 

Acc*ording to Ekman (Ann. Ch. Pharm. cxii. 151), 100 pts. of absolute alcohol :it 
19® dissolve 0-81 pt. of lophine, and at 21® from 0 84 to 0 91 pt. ; at the boilin ^ 
point, 270 to 275 pts.; and 100 pts. ether dissolve 0'26 pt. lophine at 19®, 0’32 to 
0*33 at 20®, and 0-32 at 21®. Of an indifferent substance, having nearly the compo- 
sition of lophine, and formed, together with the latter, by the decomposition of hydro- 
chlorate of hydrobenzamide at 160®-200® (p. 183), 100 pts. absolute alcohol dissolve 
0 07 pt. at 16®, and 0 33 to 0*37 pt. at the boiling point; and 100 pts. ether at the 
boiling point dissolve 0*69 to 0*74 pt. of the sann^ Hul)stance. 

—Lophine boile<l with nitric acid forms nitrolophino (Laurent). 
It is dissolved by hronime, without evolution of vapours of hydrobromic acid. When 
the mass is dissolved in ether, and the solution mixed with alcohol and abandoniKl to 
sTOntaneous evaporation, beautiful yellow prisms with rectangular base separate out ; 
these crystals give off bromine when heated^ and, when water is poured upon them] 
turn white and fall to ^wder (Laurent). ^Iiophine in contact with iodide of ethyl 
does not form any substitution-compound not even when the two bodies are heated 
^ether to 100® in a sealed tube for several weeks. A portion of the iodide of ethyl 
is decomposed into alcohol and hydriodic acid, which combines with the lophine. 
(Gossmann and Atkinson.) 

The lophine- salts are for the most part insoluble in water, and sparingly soluble 
in alcohol. — TOioy are rather unstable, having a tendency when reciystallised ft) giro 
up part of their acid and form basic compounds ; this is particularly the case with the 
sulfate. (Gossmann and Atkinson.) 

Hydriodate of Lophine, C*‘H‘*N*.HI, is prepared like the hydrochlorate, and crystal- 
lises readily in large needles, which are more soluble in alcohol and ether thaii the 
hydrochlorate. From a very acid solution, it sepanites in granular crystals. It dis- 
solves very easily in iodide of ethyl. In other reapects it resembles the hydrochlorate. 
(Gossmann and Atkinson.) 

Hydrochlorate of lAfhine, C*'H‘*N*.HCI, separates quickly on cooling from a solu- 
tion of lophine in boiling alcohol containing hydrochloric acid. If a solution in a 
sufficient quantity of l)oiling alcohol be mixed with such a quantity of hot water that 
no immediate precipitate is formed, the liquid on cooling yields well defined crystalline 
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UminiB fLaurent). The second modification of lophine, obtained by Kiihn 
It mi forms a hvdrochlorate. also containing C^'H'W-HCl, which crystallises m 
interlac^ noodles, melting at Ifioo. When hydrochloric acid is added to a hot satu- 
™ted alcohoUc solution of lophine till the mixture exhibits a decided acid reaction, 
th^hYdrochlorate separates on cooling in large transparent ne.'dl.w very much like the 
prvstals of pure lophine. If left for some time in the mother-liquor, they change 
tato smaU white optque prisms, an alteration which is proba% due to loss of water 
Several other lophine-compoumls exhibit a similar change. WTien lophine is traated 
with strong hydrochloric acid, it bi-comes resinous, and can only be rasto^ to the 
WstaUine state by removing the acid and crystallising fro.ii alcohol (Gossra am. 
ami Atkinson). The hydrochlorate is nearly insoluble iii water, but dissolios 
nivttv easily in alcohol (Laurent). It has a slight acid reaction, di^olves more 
p^ly in witer and alcohol than the pure base, ami exhibits stronger fluorescence. 

^^^HydroXloratrof ^ophini' unites with Mrachloride of pMinnm when tlu^ soint ions of 
the two salts in boiling alcohol are mixed together, the double salt s’ liarating, ns lio 
I mid cdols in orange-coloured crystals, the formula of which is J.robahly 
otP^ini'N' lici) PtCI* The ohloropluiinate of Kuhn’s second misiihealioti cd lop nns 
rontaL watei W crystallisation, tf.e amount of which was found to he diifcrcnt in 

Ci'ir“NhlINOh forms fine light laminie, devoid of lustre. When 
heat'd tiU they ^soften, they give off 1 at. water (Laurent), hrom a concentrated 
•ih'-oholic solution of loplmie acidulated with nitric acid, the salt erystalhws in small 
i'lates whicli, if covered with strong nitric aeid free from nitrous acid, are conierted 
int/t -ui oilv niiiHs. (GoHsmaini and At kill son.) » , • i u . 

SiihihatJ of Jjophinc is ohlained in small shining rectangular laniime, by healiiii, 
lonh ne w 1. aleoholie sulphurio aei.l, and mixing the so nt.on with ho water, where ■ 
noon orvXllisat 1 ensued. The aleoholie solution redd.-ns htnms and is precipitateil 
bl waui' S rtion however ren.aining in solution, so that, on “ I’™- 

• -4 fra i/ariliint. Htill obtaiiunl. Laurent found in the dry Halt 11 o uiul Li I pi.r 

orsnip ic^ 

:l;S rirsisx. i.";;: 

rapidly, the compound opaque necdlcH. At caidi cryHtalliMation, the 



jdalinutn. 

KOTAUTIS. Syn. with Hohnhi.bniik. 

lOXOClnasa. a name applied by llreithanpt to a variety of felspar closely 
resei^ld ing ur tli^ isi , f„r rislueing the ^friction 

between parts of a 

tho chapter o" f TuTZ S "a.uiK.N Oits in this Dictionary.) 

«ATCBBr ie Urd. Diotionar,, of ArU. #c. ii 737 ; Uuhard.m 
liVCZl'SR MATCBB*. oec article Puo«piiohu» m 

and WalU's Chemical Technnlyy, vol. i. pt. 4.p. 131 , ami 

thia Dictionary. 

X.VCin[iX>XTlS. Sec Limestone, (p. 698). 

Z.VMACCB1.XSA. Sec LiMBSTOMB, (p. C97). 

X.1TVA COBjnBA Chloride of silver (see .Silver). „ . 

CYSTIC. Nitrate of silver fused at a low heat smi NtTUATEs). 

T bitter non-nitrogeuous substance obta.ned from Inptne-se^ls. 
(CiiBSolu, Ann. Ch. Pharm. xm. 3<m.) . , 1 ,,, „f thoconcs 

xmmxm. The yellow, Ywllt of^lhl cones. It contains five different 

of the hop, and Vr™in^ nitn^enons substance, a bitter principht. and a 

Bulwtancea ; viz. a volatile oil, a r , ^ volatile ml. ThiH oil 

gummy substance. Y^m^rtoXer its^grmXe aromatic odour, whUe the bitter 
and the resin probably give to m er iw eg 
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according to the nature of the operations to be performed, and of the substances to be 
distilled in these vessels. 

When vapours of watery liquors, and such as are not corrosive, are to be retained, 
it is sufficient to surround the joining of the receiver to the nose of the alembic, or of 
the retort, with slips of paper or of linen covered with flour-paste. In such cases also, 
slips of wet bladder may be conveniently used. 

When more penetrating and dissolving vapours are to be retained, a lute is to be 
employed of quicklime slacked in the air, and beaten into a liquid paste with whites of 
eggs. This paste is to be spresid upon linen slips, which are to be applied exactly to 
the joining of the vessels. This lute is very convenient, dries easily, becomes solid, 
and sufficiently firm. Vessels may be formed of it hard enough to bear polishing on 
the wheel. 

Lastly, when acid and corrosive vapours are to be retained, we must have 
recourse to the lute called fat lute. This lute is made by forming into a pa#te 
some dried clay finely powdered, sifted through a silken sieve, and moistened with 
water, then beating this paste well in a mortar with boiled linseed oil, that is, oil 
which has been rendered drying by litharge dissolved in it, and flt for the use of 
painters. This lute easily takes and retains the form given to it. It is generally 
rolled into cylinders of a convenient size. These are to be applied, by flattening them, 
to the joinings of the vessels, which ought to be perfectly dry, because the least moia^ 
turo would prevent the lute from adhering. When the joinings are well closed wth 
this flit lute, the whole is to bo covered with slips of linen spread with luti' of lime and 
whites of eggs. These slips arc to be fastened with packthread. The second lute is 
necessary to keep on the fat lute, because this latter remains soft, and does not become 
solid enough to stick on alone. 

Gutta percha may be united to glass, in tube apparatus, by fusing the gutta percha 
at the point of junction by means of a hot iron knife-blade. 

Fine porcelain clay, mixed with a solution of borax, is well adapted to iron vessels, 
the part received into an aperture being smeared with it. U. 

XiVTSOXiXN'. The yellow colouring matter of weld {Reseda luteola). It was first 
isolated by Chevreul (J. Cliim. niM. vi. Id7), and has been more fully examined 
and analysed by M old enhauer (Ann. Ch. Pharm. c. 180) and by Sch ii tzen berger 
and Paraf (fW. Suppl. i. 139). Moldeiihauer prepares it by exhausting weld with 
alcohol, distilling off the alcohol from the extract; then washing witli water and drying 
the residue ; exhausting it with ether; dis.solving tlie residue h ft on evaporating the 
ethereal solution in alcohol; adding a larger quantity of water; heating to the 
boiling point ; filtering hot ; and leaving the filtrate to cool. The product may bo 
purified by recrystallisation from boiling very dilute spirit containing 1 or 2 per cent, 
alcohol. Schiitzenberger and Paraf exhaust the plant with alcohol, precipitate the 
(‘xtract with water, and heat the precipitate with water to 250'^ in a steel apparatus ; 
the luteolin then crystallises on the sides of the vessel on cooling, and may be purified 
by two crystallisations from superheated water. 

Luteolin crystallises from solution in boiling dilute alcohol, also from a hot saturated 
solution in dilute sulphuric or acetic acid, in yellow four-sided needles arranged in 
radiate groups ; it may also bo obtained in needles by careful sublimation. It melts 
at 320° with partial decomposition, to a black-brown mass. It is inodorous, has a 
slightly bitter, astringent taste ; dissolves in 11,000 pts. of cold and 5,000 pts. of boiling 
water, in 37 pts. alcohol [at what temperature ?] and in 625 pts. of ether. It reddens 
litmus paper slightly, and unites with metallicj>xides. It dissolves with deep yellow 
colour in caustic alkalis and alkalhe remaining in the pure state when its 

ammoniacal solution is evaponited (Moldeliib auer). Bv prolonged heating with 
a 7 mnonia, it is completely dissolved, forming a deep yellow solution, and leaving 
on evaporation a dark coloured residue wdiich gives off ammonia when heated with 
j)otash (Schiitzenberger and Paraf). In cold dilute acids it is but sparingly 
soluble; more easily in cold concentrated sulphuric nrtV/, forming a yellow solution 
from wliich it is separated by water w’ithout alteration. It dissolves sparingly in cold 
conceutnvted hydrochloric acid, more easily in warm concentrated nitric acid, but is 
nearly insoluble in that acid when cold, Pilute nitric acid acts upon it only when 
heated ; strong nitric acid dis.solves it with deep red colour, the solution being 
decolorised by prolonged boiling, with formation of oxalic acid (Moldenhauer). 
Heated to 200° with pJwsphoric anhydride, it yiehU a red substance which dissolves 
with violet colour in ammonia (.Schiitzenberger and Paraf). Distilled wth 
chromate of potassium and sulphuric acid, it yields formic acid. It does not precipitate 
a solution of gelatin, but forms a gi*een pi*ecipitate with a very dilute solution of ferric 
chloride, and colours a concentrated solution brown-r'd (Mo 1 d e n h a u er ). According 
to Chevreul, the aqueous extract of weld forms beautiful yellow precipitates with alum. 
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MnnotucUoride, and acetate of lead, a blackish-grey precipitate urith /crroiM 
and brown with sulphate of copper. 

According to MoUlenhauer, luteolin contuins 62 5 to 63*0 per cent, carbon and 370 
to 4-1 hydrogen, whence lie deduces the formula C"U”0‘, requiring 62'8 0, 37 H. and 
33-5 0. According to Sohutsenberger and Piirnf, the air-dricd substance liciiti^ to 
150° gives off 1073 per cent, water, and that which has been dried over sulphuric 
acid gives off 7 02 per cent, at the same temperiitun'. Liitcolin dried at 150 gave by 
analvsia Ol O to 02 5 per cent. ciirlHin, and 3 5 to 3-8 hydrogen, wOience Seh«tae,d«rmir 
mid ^anif deduce the formula C'-IPtP, which reqtitn-s (>2;1 C, 3-4 II, and 34-6 0. To 
the substance dried over sulphuric acid, they assign the torniula C II * > tnd to th* 
air-dried substance, 2C'dI "OMl-’O. A Msalt pn-cipitale.1 Iron' *>»■ »'™b<>hc 
solution of luteohn by alcoholic acetate of lead gave by P" 

1U8 II and 49-33 PlfO, agreeing nearly with the torniula C HO.lbO, which 
n-fliiires 31-65 C, 1-76 H, 17 58 O, and 49-0 Pb'O. 

x.irrzi>ZiarE. C'H'N. An organic base Isomeric with benzylamine or loluidine 
(i 575), discovered bv Anderson (Ann. Oh. IMiarm. I.vxx v.) in bonc-oil. 
contains a number of oily bases soluble in hyilKwIiloric acid : and on decomposing t o 
resulting solution with ixitash and reetirviiig, lulidine passes over at about 145 . Iho 
same Imse is found in coal-tar naphtha and in shale naphtha, the liiiiiid obtamed 
by distalling the bituminous shale of Pors.-t shire (( jr. W i 1 , a m s, ''"-J” - 

also among the volatile bases obtained by the distillation ol peat (Voh ,lii.h^b. 
859 D 742. Church and Owen, Phil. Mag. It) xx. 1 1 I ; .Tahresber. 1800,p. 3o9.) 

A bLe isomeric, but not identical with that. Iioni boiie-oil, occurs among P’"'''^'j 

" oTevtle wluhJmt wlmdl^l^?^ 

mni of many of their salts arc essentially different, as will be seen by the following com- 
parative statements. colourless refractive 

,,n 

en"'"-; •< ‘fV; Zi “ * s »sS» 

density of lutidine, by exiierinient at 200 ) - • «- » t - . - ^ f 

{.,f oioox ^ 3.787 by oalculation => 3 OlHb It may '>‘5 im« mvi irom 

i is'th-it the boiUng point of ffluthlinc has not been estiniated above the truth, be- 
elnise if tie fralon Ead been taken too high, the va,mur-dens,ly would have erred 

Me has a most characteristic smell, resembling that of 

it is still triven off on neutralisation with an alkali, ’ ,i,.iriift/*r- 

( i.iit the samn smell on 

: ;i; - ,r'rr s" 

di-i™. 

and on warming the liquid, '’“‘’"r"''* ok' L fris of w-iter to (iis.soke it. iiiid llie solution 
on the contrary, requ res not less than 26 P"^ "' ^mera.id 

compounds, most of which are very soluble. rr'IPNWuSO*. 4H'0.— When 6- 

Cympou^of$-lutmne with C\.,n.cMphate (Vl, h„^^c^ a fidous pale green pre- 
lutidinris gmdna^Uy ^ded to a Cfief blT wLli iffter 

filtration, soon Iteeomes filled w.th lUli 2 at. water ^ 

having in the air-dried stale the ^ ^ 

100°, and become anhv^ bwls give salts having this eomimsition ; but 

a mixtu're of’hyd«>°Worat;. of 

iK^'Cessary in the case of /J-lutidine. ( i la ) 
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boiling water, with partial decomposition ; more Ireely, and without alteration, in 
boiling alcohol. (Anderson.) 

Palladium-salts. — The chloropalladite of 3*lutidine, 2(C’H*N.HCl).PdCl*, is ob- 
tained, as a nearly solid mass of garnet-red prisms, on leaving a mixture of the base, 
hydrochloric acid, and chloride of palladium, to itself for four days. When heated for 
a long time to 100°, it is decomposed, 1 at. hydrochloric acid being given off from 2 at. 
of the salt, and leaving the compound : 

C2«H=*”N^Cl«Pd- = 2(C^H‘‘N.HCl).PdCP.2C’IPN.PdCP. 

, j [ CP, the base existing in 


The chloride of palladia- ^-lutidyl-ammonium, - j pj- 

tlio last-mentioned substance, is easily obtained by acting on chloride of palladium in 
solution with /3-lutidine. This base is not easily soluble, and precipitates at once. 

(Williams.) , , , . , ^ i, i- 

On mixing solutions of hydrochlorate of lutidhte and chloride of palladium, exactly 
similar in concentration to those above employed, no crystals were obtained by the 
time that the contents of the vessel containing the ^-lutidine had nearly solidified: 
and even after a month’s repose, the quantity obtai ned was much smaller than with 
jS-luiidine. 

PI at in ic salts. — The chloroplatinates of both bases have the composition 
2(C’H'’N.HCl).PtClb and crystolliso in rectangular tablets; but the ^-lutidine-salt 
exhibits the same superior facility of crystallising that is observed in the corresponding 
gold- ami palladium-salts. The presence of hydrochloric acid in excess greatly retards 
the formation of the lutidine-salt (Anderson) ; but Williams finds that this is not the 
case with the /3-lutidiue-salt, a mixture of the hydrochlorate of /Bdutidine with platmic 
chloriile and a large excess of hydrochloric aciil instantly becoming nearly solid. 

Decomposition of the Platinir salts hy hniliny. — (’hloroplatinate of ^-lutidine begins 
to decompose the instant the solution enters into ebullition, an insoluble yelbiw powder 
beginning to deposit, and rapidly increasing in quantity. Alter boiling ^itji water, 

this salt has the composition of tetrahydrochlorateof platino-lutulinf\^w)^ ^ pj^,„ ^ | .lliCl. 


The solution of chloroplatinafe of lutidine, on the other hand, required hours 
active boiling befiire any deposit began to form ; and even after several hours’ boiling, 

the deposit was very small. . , . , . t , • i i 

Platinous salts. — When equal weights (1 grm. each) of platinous chloride ami 
/3 lutidine were mixed in an apparatus surroundeil with a non conducting medium, the 
temperature rose from 16° to 84°, and a har»l brittle product was obtained, agreeing 
almost exactly in composition with the formula 2C’H*N.PtCP. When lutidine was 
treated with platinous chloride under exactly the same conditions, tlie temperature 
rose two degrees higher ; but the product, instead of becoming a hard brittle mass, 
remained of the consistence of treacle. 


Substitution-derivatives of Lutidine. 

ETHYL-jS LUTIDINE. — A mixtiirc of 1 vol. /3-lutidino and 2 vol. iodide of ethyl heatod in 
a scaled tube to 94° for throe minutes, solidifigd on cooling to a mass of crystals of iodide 
of ethyl- ^-lutidine, cai“(C‘^H*)N.III.— The<^fn/!mMW-«a//: prepar^ therefrom in the 
usual way, crystallises in superb orange-colOured fronds, containing 2(C*H'’N.HC1). 
PtCP. This salt when boile<l with water turns black, and deposits platinuni. After 
two days’ boiling, it yielded 27'5 percent, of the metal, the original salt containing 28 99 
percent. (Gr. Williams.) 

Etuyl-lutidink. — A mixture of lutidine and iodide of ethyl in the above proportions, 
heated to the same temperature for the same time, showed no signs of crystallisation 
on cooling. It retjuirwl an hour’s digestion to effect combination ; and in twenty-four 
hours, only half the product had crystallised, the rest remaining in the form of a syrup. 
(Gr. Williams, Proc. Roy. Soc. xii. 311.) 

Mbtuyl-zS-lutidine, C'H^N «*» C*H'*(CH^)N. — /8-lutidine mixed with iodide of 
methyl, becomes heated, and forms hydrwdate of methyl- -lutidine ^ a salt very soluble 
in water and alcohol, but nearly insoluble in ether. Its alcoholic solution evaporated 
to a syrup, remains liquid if loft at rest ; but on touching it, beautiful long needles 
shoot through the liquid, which soon becomes completely solid. The chloroplatinate^ 
2(G»H’‘N.HCl).PtCP, forms crystals containing 30 29 per cent, platinum. (G r. Wil- 
liams, Ed. Phil. Trans, xxi. [2] 317.) 

(Husema nn and Marm^, Ann. Ch. Pharm. Suppl. ii. 383.) — A base 


LYCOPODIUM— LYMPH. 


739 


in the box-thorn (X#««>n barbartm). The leaves are repeat^Iy boiM 
water (the stems yield but a small product); the ex^ts are w«A 

S^^ato of lead; and the flltrate, freed from lead l«r siUpfiydric Mid. s^ 
with carbonate of sodium, is ovaMrBted to a third of its original volume. 
Th^Uouid. very strongly acidulated with su^huric acid is then precipitated wi^ a 
anluUrm of pi^phomolybdate of sodium, or a mixture of 30 at. tungstate and 1 at. 
SiMohomolybdato. The light yellow precipitate, after washing with water Midulat^ 
SriSWphiOT^cid, ismixecC while stiU moist, with carbonate of ^um, dried over the 
bSTlnd exWed with boiling alcohol. The extracts leav.-^ after evapora- 

Uo^f^’ alcohol, a syrupy residue, from which the biise maybe 
HOnte hvdiMhloric acid, ^ile a resinous body reinains nndtssolved. The hydro- 
ehlorate which has a strong acid reaction, is easily soluble in water, sparinglv in 
nhiidute olc^ol nearly insoluble in ether, and crystallises from alcohol in daszlitig 
loi iLmb^prisZ^metimes half an inch long, and from water in fern-like p>u .s 
^i'c^sIX TSrSce base, obtained by treating the hydrochlorate with carinate 
f rtnd alcohol is a white, radio-crystalline, deliouescH'iit mass, which has a 

sLZ^but Zt bater\.^te dissolves easi? in water an\ alcohol, very sparingly in 

rtheT and Zlte with deco^isisition when Seated. M|»tof its salts are crystallisable. 
and Msily soluble in water ; some of them are also deliquescent. 

inSoi. 30 sugar, 15 of mucilage. 896 of a substance insoluble in water, alcohol. 

wsnsXAV BTOWa Towhstmt, or Basanitc, a velvet-black sihceous stone or 
flim”“rus“”ZS^»nt of its harness and black colour, for trying the punty of 

the ^us meuls^ G-p ,y,„phatic vessels, is colourless or yellowish 

ish animal f 0“Xfits"a.^e froK^S^^^^^^ forming a gelatinous, 

twenty minutes h »raduallv^contrncts more firmly, and encloses a 

C ^his coagulum usualfy occupies but a 



iniury), cent, has Wn found b;jr different 

while in the lymph of the hoi^, from Htarved to death during winter 

which had been Eept in a heated^m »ti ^ properties as blood-albumin. 

The albumin of the lymph h^ tl^e same gem r„^^ the lymph of a home, 

Geiger and Schl^berger !j" ‘„^ble coloum, did not coagulate on boiling, 

though it exhibited no on the siirfacTof the liquid «. 

but that, on evaporation, *. prewnt This lymph-serum wb» 

if.strongly alkiine jdbnminateofi^^^^^^ .Pj^her was it 

not rondW turbid by Mid l^^ casein may lie inferred; nor by ethsr. 

:Xi” s- — 

quantity of alkaline carbonates. 
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Fat occurs in lymph only in small quantities, and fer the most part in a sitv, -ii 
form ; in the lymph of the horse, Nasse found 0-0088 per cent, of free fat, andTei^^ 
per cent, of alhijine salts of fatty acids; while in human iympb, Mercbmd andS 
beig found 0264 per cent of a pile reOdisb tat 

The lymph also contains lactates. 

In horses' lymph, Nasee found 0’0755 per cent, of extractive matters soluble 
in alcohol, and 09877 per cent soluble in water only; while, according to Geiger 
and Scblossberger, the whole of the extractive matters amount to 0’27 per cent. 
Nasse was unable to detect urea in the lymph of the horse. 

Mineral constituents.— In lymph, as in all the animal fluids, chloride of sodium is 
the preponderating mineral constituent: in horses’ lymph, it amounts, according toNa>se, 
to 0-4123 per cent. Alkaline carbonates were found by Nasse in horses’ lymph, 
the quantity being estimated at 0-056 per cent. ; but Geiger failed in detecting them : in 
tl!b ash of the solid constituents of the lymph, however, the latter found an abundittieo 
of alkaline carbonates. The presence of ammoniacal salts, which was suspected 
by Na.sse, has been definitely established in Iiorses’ lymph by Geiger and Schlossbergf'r. 
Nasse found that horses’ lymph is comparatively rich in sulphuric acid, which exists 
in it pre-formed ; ho estimates the quantity of sulphate of potassium at 0-0233 per 
cent. Alkaline phosphates occur only in very small quantities. The earthy 
salts, with a small quantity of ferric oxide (arising probably from the presence of a 
few blood-corpuscles), were found by Na.sse to amount to only 0 031 per cent, in horses’ 
lymph. 

The quantity of water in lymph appears to be very variable, but never so great as 
in the blood-plasma. In human lymph, March and found 96926 per cent, and L’Heritier 
found 92-436 per cent, water ; in the lymph of horses, the quantity has been f^und to 
vary from 92-6 to 98-37 per cent 

Nasse has instituted an interesting comparison (based on direct analyses) between 
the composition of the lymph and of the blood-serum of the liorse, from wliieli it a[)pe}i r.‘< 
that tlie indi\'idual salts stand to one another in-precisely the same ratio in tlu; two 
liquids, although their ab.solute quantity is very different, on account of the compara- 
tively larger proportion of water in the lymph. 

There are idso considerable differences in the proportions in which the mineral cou- 
Btituents stand to the organic matUu-s in the two liquids: wliilo 100 pt«. of sails 
corresjKjnd to 1036 pts. of organic matters in the blood-serum, tlie ratio in the lymph 
is as 100 to only 786. According to Marchand and Colberg, human lymph contains 
organic and inorganic matters in neai-ly equal parts. {Lehmann' s Phjsiotogical Chemistry, 
translated by Day, ii. 299.) 

XiTOCUSZOW. A Greek name for Amber. 


M. 

MACB is the arillus or envelope of the fruit of the nutmeg {Myristica nwschata). 
It forms a somewhat thick, tough, unctuous, reticulated membrane, of a ytdlowish- 
brown or orange colour; has a somewhat more agreeable odour than nutmeg, with a 
warm and pungent taste, and is used as a condiment in cooking. 

Mace contains two oils, one of which is uncttious, bland, and of the consistence of 
butter; the other, which is obtained by distillation with water, is thinner snd volatile. 
By cohobating four times, 4-7 per cent. oif:-«fiay be obtained (Hoffmann, Repert. 
Pharm. xliii. 296); from old mace, 4*1 per cent. (Bley, ibid, xlviii. 94). It is trans- 
parent and colourless; of specific gravity 0*931 ; smells strongly of mace, and luis a 
burning aromatic taste. It forms a permanent liniment with aqueous ammonia. 

MEACBS is the name given to certain spots in minerals of a deeper hue than thn 
rest ; sometimes proceeding from difference of aggregation, sometimes from the presence 
of a foreign substance : clay-slate, for ejcample, may be macled with iron pyrites. 

MACZiBS. Twin-crystals (ii. 159). 

MACXimiZir. Syn. with Morintannic Acid (p. 1049). 

MCAlIBn. Garance. Krapp.^^The root of Bubia tinctorum, extensively used 
in dyeing for tlie production of a variety of colours, namely, red, pink, purple, black, 
and chocolate. Other species of Ruhia yield similar colouring matters, and are also used 
as dyeing materials ; viz. R. Mungista, or Mut^eei, which grows in the mountainous 
regions of Hindoostan, and is used in that country for producing the red and chocolate 
figures seen in the chintz calicoes of the East Indies ; and R. peregrina, which is culti- 
▼ated in the Levant^ where it is called Alizari, and imported into this country under 
the name of Turkey-roots ; but RubUi tinctorum, or dyers' madder, is the only speciee 
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.ntriMted in Enwp«: itthrivea beat in a warm cMmatfl, and is grown ext«naiTe^ 
Avignon in France, also in Alsace and in Naples; u> the north of Europe it 
fwnuires a sheltered situation. 

All kinds of madder have a peculiar smell, and a taste between bitter and sweet 
Their colour varies extremely, being sometimes yellow, sometimes orjinge-ml, redthsli- 
Wn or brown. They are more or less hygroscopic ; so that even wlien closely packed 
iTcflsks in the state of powder, they slowly attract moisture, increase in weight, and nt 
l^imth lose their pulverulent condition, forming a firm coliorent mass. Some kinds 
of madder, especially those of Alsace and Holland, when mixcHi witli water and Ictl to 
stand for a short time, give a thick coagnlum or jelly— an eflfect whicli does not take 
Xe in the same degree with Avignon madder, /rheimidder of Avignon contHins so much 
oarlionateof calcium as to effervesce with acids. Ihe herbacfous parts ot tlit plant, 
when given as fodder to cattle, are found to communicate a red colour to their lumes. 

The principal advantages which madder presents, as a dye-stuff, are the follo\4ing 
1 It m capable of producing, according to the inorilaiits and tlio treatment, 

a of dVront and ahadoH ; bucU «k black ; red of d.ftmut kn.dB, 

from adull brownish red to a bright red and delicato pink, bcsnlcs tlia pcculmr toloar 
known as Turkey-red; also purple of various shailos, froiii a dull rMldiBli-purplo to 
delicate bluish-purple or lilac, as well as cho<-olute of all sluvdcB.— 2. Its colouring 
matters have but little affinity for cotton fibre, and a great affinity for niordiiiitB ; So 
that it is not difficult to secure a good white on the parts of the tiHsue to which no 
Irfaiit hLb“nappliod.-3. Therompounds which its colouring matter or matters 
Yield with mordaiitsf possess an unusually stable cliaracler ; so tliut they may bo cx- 
™sed, without much detriment to the colour, to the action of various agents for Ihe 

purpose of improving or modifying the shade. 

Chemical Conatlttt«on of Madder. There is probably no subject connected 
wiS thTart of dyeing which has given rise to so mucli diseiission as the eomposifion 
of madder and the chemical nature of the colouring matters to which it owes its valil- 
»i,1a omnerties The subiect has engaged the attention of a great number of eheinisiH, 
alnrw^ormarbe es?™lally mciTtimi.sl, Uobiqiiet and Colin, Kuhliii»iin. Gau thicr 
de Claubry and ^orsbz, Ruiige, Sehunck, Sehiel, Higgin. Debus, htroeker, KocliU^n, 
Sacc and iiniile Kopp. Nevertheless, our knowledge ot madder, as-uompured with 
i^deh we ^s^of other eoloaring principles, is still confiisicl and ui.eerta.n 
A frY flMmn pVifmisfcs fSacc fof cxumplc) and many munufaeturerH, madder 

matter exists in madder^ reiidy formed ; whereas others 8upi>oso that fresh f 

‘"‘^When orfirarj^mmero^^^ '* 

rraflSnth? " t!:Si;r di^M^wn;^^^^ i w^i; 

peetie acid oxidised extractive matter, and a peculiar iiilrogcnoiis sii slaiue. i ii 

if - 

the residue be treated T'*'' "‘’.,,,1 sesnuioxide of iron, as well as some plios- 
quantity of lime, magnesia, ^ ,ij„c„Tered in the filtered liquid ; and 

phatu and ,c trea with caustic alkali, ^lark-red 

if the remainder, after being reddish-brown preciiii fate of alizarin, 

maid i. obtained, w^ Sion of Zm'adde'r lc« after treat- 

aTd'Wlis, eonsSa almos. entinOy of woo-ly fibre. 

(Schunck.) in nrdlnarv madder, the most important are 

rr i “ “* 

madder. (Ann. Ch. Phys. [2] xxxiv. 22o.) 
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AUzBTiB, &e Liearic acid of Debus, of Emg*, 

f^mofaJibierde Cknbrymd Perm ^aa ob^edby Bobiguet md Coho « , 
Smate, in beautifiil reddish-yellow needles; but the mode of preparation which they 
adopted left it uncertain whether the alizarin pre-exiatea in madddr, or was a product 

of decomposition of some other body produced by heat , , , 

It may, however, he extracted from ordin^ madder, as used by the dyer, by the 
action of solvents, and obtained in crystals without sublimation : hence its existence 
in ordinary madder maybe inferred (se^ i 114; and for details of preparation, 
GmelirCs handbook, xui. 326, and xiv. 130). Its composition (»nnot be regarded as 
definitely established. Wolff and Strocker’s formula, C‘®H®0*, is most in accordance 
with the relation of alizarin to chloronaphthalic acid, C*®H®C10*, both of these com- 
pounds being converted, by the action of nitric acid, into phthalic acid; but Schu nek’s 
formula, appears to explain more clearly the formation of alizarin from rubian 

(p. 746) : it must bo remembered, however, that the formula of rubian itself is by no 
means well established. Alizarin is very little soluble in water, more soluble in alcohol, 
but nearly insoluble in aluminium-salts. Its alkaline solutions have a beautiful violet 
or purple colour, and it forms lakes of various colours with the earthy and heavy 

metmlic oxides. « i • • t 

Purpurin, the Madder-purple of Runge, Matihre color ante rose of Gaulthier de 
Claubry and Persoz, Oxilizaric arid of Debus, is extracted from madder by the same 
processes as alizarin, and separated from it by its superior solubility in alum-liquor. 

It bears considerable resemblance to alizarin, yielding a crystalline sublimate when 
heated, and being very sparingly soluble in water, but more soluble in aleoliol. 
The properties by which it is distinguished from alizarin, are its easy solubility in 
boiling alum-liquor, forming a solution of a beautiful pink colour, with yellow 
fluorewence ; and secondly, the colour of its alkaline solutions, which are cherry-red or 
bright red ; whereas alizarin forms violet solutions with alkalis. These differenees 
might, however, be produced by the admixture of some foreign substance with alizsu'in ; 
and accordingly some chemists, as already observed, do not regard purpurin as a 
distinct substance, but attribute all the colouring Bower of madder to alizarin. Tli(*re 
are, however, other characters which show beyond doubt that purpurin is a distinct 
substance: viz.— 1. Its decomposition when exposed to the air in alkaline solution, the 
colour of the liquid then changing from bright red to reddish-yellow, and ultimately dis- 
appearing almost entirely, after which purpurin can no longer be discovered in the solu- 
tion, whereas alizarin suffers no such decomposition (Schu nek). — 2. Its optical 
properties. Stokes has shown that when a solution of purpurin is examined by a prism, 
the spectrum which it exhibits is totaUy different from that which is produced in like 
manner by alizarin. (See Light, p. 638 ; also Purpurin.) i i. • 

Considerable difference of opinion likewise exists as to the relative value of alizarin 
and purpurin as dyeing materials. According to Robiquet and Schunck, the finest and 
most permanent madder-colours are produced by alizarin ; whereas Runge and St recker 
are of opinion that the liveliest tints are produced by purpurin, and that this substance 
likewise plays the principal part in the manufacture of Turkey-red. According to E. 
Kopp, on the other hand, the real basis of Turkey-red is alizarin ; and he further states 
14- mnwlanfrtrl fiiVirioa V not, vitdd eoloUI*8 uf 



* experiments, ^ ^ 

obtained by means of alizarin, and that the colours so produc(*d are as pure and bnllmnt 
as ordinary madder-colours are after a long Course of treatment with soap, acids, &e. 
They are likewise equally fast, and quit^ equal to ordinary madder-colours in their 
power of resisting decomposition by soap, ^jpikalis, &c. ^ 

In short, the final result of dyeing with* madder and its preparations appears to be 
simply the combination of alizarin with the various mordants employed. It can easily 
be shown, indeed, that the finer madder-colours contain little besides alizarin in combi- 
nation with the mordant. If, for instance, a few yards of ‘ madder-pink calico ’ be treat 
with hydrochloric acid to remove the alumina of the mordant, then well washed and 
treated with caustic alkali, a violet solution is obtained from which acids pr^ipitate 
yellow flocks consisting of almost pure alizarin. Purpurin, on the other hand, is found 
to have almost entireW disappeared from all madder-colours which have lieen sul>- 
jected to a long course of after-treatment ; a result quite in accordance with the fact above 
mentioned of the decomposition of purpurin in alkaline solution on exposure to the air. 

(Schunck.) , » i 

Madder likewise contains c<»tain yellow colouring matters : but they are imel^, if 
not positively injurious, in the process of dyeing. ^ Rubiacin is a yellow crystallised 
eolouring matter, coinciding in most of its properties with the madder-orange of Runge. 
It is only slightly soluble in boiling water, but dissolves more freely in boiling alcohol, 
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and crystallifles therefrom, on cooling, in greenish yoHow lustrous scnles and needles. It 
dissolves without decomposition in strong sulphuric and in boiling nitric add. and with 
Durplo colour in alkalis. Its compounds with metallic oxides are mostly red. When 
^ted with a boiling solution of ferric chloride or nitrate, it dissolves entirely, yielding 
a brownish-red solution, which gives with hydrochloric acid a llocculent precipitate of 

^^Of the two resinous colouring matters already mentioned (p. 742), one is a dark- 
brown brittle, resin-like body, very soluble in alcohol, and melting at a little above 
100° • 'the other is a reddish-brown powder, less soluble in jdcoliol than the prt'cetling. 
These two colouring matters, together with rubiaciu, constitiitt' probably the tawny 
or dun colouring matter of madder mentiomHi by the older chejuists. They do 
not contribute to the intensity of the colours dyed with madder, and exert a ve'ry pre- 
iudicial effect oil the beauty of the dyes. If printed calico l>e dytnl with a ini^uro of 
alizarin and any one of tlusse three colouring matters, the colours are found U) be Ixdli 
weaker and less beautiful than when uliziunn is u.sed alom\ The red ac(piires an 
orange tinge, and the purple a reddish liuc, whilst the black is li'ss inti'use, and the 
pai-ts which should remain while liaveacquin‘d a yellowish colour, flic cticct of those 
colouring matters mu.st, therefore, bo countenu-te*! as much as jvossible by j)nn’enting 
them either from dissolving in the dye-bath, or from attaching themselves h) I In* fabric. 

The other organic constituents of madder are also tor the most part injurious in dye- 
ing The pectin, in the state in which it exists in the root, is probably an imlilfereBt 
substance * but, in consequences of the case and rapidity with which it passes into poctio 
acid, it may act very prejudiciallv in dyeing, by combining with the niowants and 
preventing them from taking up the colouring matter. , . , 

The extractive matter of madder, when in an unaltered state, produces no inju- 
rious ofTccta directly; but by the action of oxygen, especially at elevati^d tempera- 
tuna, it acquiros a brown colour, and lin n contributia, 1.1^ tin r wiUi the rubiucin ami 
rfsinous (louring matters, to deteriorate the colours, and sully the while fartM |>f tli» 
fabric. Henco the uniform dirty reddish- brou'u lint which a ineee ot calico exhibita, 
both on the printed and unprinlod iiortions, after having been ilyed with madder: tho 
removal of .his tinge is one of the objects of the after-treatment with soap and other 
materials. In the process of iminufaeturing garanciii. this suhslaiiee is partly decom- 
posed, partly removed by the subsequent washing: and tins exiihiins, in a great mea- 
sure, the greater purity and brilliancy of gar, mein colours, ns eonipiir.al with madder 
colours, m extractive matter, when pure, has the appeariiiieo ot ii yellow syruji, liko 
honey, is easily soluble in water and in alcohol, and is not preeipitiiled from its iique.i la 
solution by any earthy or metallic salt; hut the solution, i . yaporated ,n 
tho air, gradually turns brown, and then g.v.s an abundant brown preeipilate will 
acetate of lead. Its aqueous solution mixed with hydrochloric or sulphuiic acid, and 
lioiliHl, becomes green and deposilsii dark-green (lowder. lleneii tins exlnietive inatter 
lias been called chlorogcnin by Schunck, rubichlorie acid by Uoeh eder. J im 
xanthin of Kuhlmann and the madder-yellow of Kunge appear to be mix- 

ture8 of the extractive matter with a bitU*r principle. 

The sugar contained in madder is prob.ibly g ucoso : it hiis not lull erlo Ueji 
obtained in the crystallised state ; but it yields alco ml and carbon c “< “J y ' ^ 
menution, like ordinary sugar. The woody l.brc which 
been thoroughly exhausted by the action of various solvents (p. 
slight redd^h or brownish tiligo, from the presence of siinio p 

cannot lie completely removed, and seema to adhere to it in tho aaino y 

tho fibre of unmordanted cotton. . i i.xr ir H n 

The inorganic constituents of madder- root have been analyHedl.y ^°chlu 
(Ann. Ch.PlLm. lix. 344) and K Moy {ibid. liv. 34G) ; those of the seed by Hchiol 
(llaudw. d. Chem. iv. 609). 
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The AJaaee madder (a) «own on a highlj cnle^us soU jielded 8-26 per aunt .v 

i yielded 8'^per cent The seed of Angnon medder gave S-H pet cent, 

Fomtm of the Red Colouring MaUm.—ne eifruction of alizarin and pnrpnrin 
trnm maAiet >)y the action of solvents shows that these flouring matters exist 4dv. 

SS madder in its ordinary state, ^ used by the dyer. But it still remar j, 
whether they exist in the root wh.le growing or when newly dug up, er 
wbetJier they are formed hyanysifeqaentjim’ess o/ejmreal^. Now, it bee 
ioZ^en known that when ground madder is kept tightly packed in casks, it con- 
iZh improves in quality several years, after which ,t again de^nomtes ; and it 
/ways supposed that this effect was due to some process of slow fermentatron. 
The real nnturVof the change, however, remained for a long time unknown. Streckor 
supposes that the change which goes on consists in the conversion of ali^n into pur- 
oimn- but this would constitute anything but an improvement in quality, since the 
colonre produced by purpurin are in most respects inferior to those of alizarin. Be|idcs 
this alizarin is a body not easily decomposed, unless exposed to the action ofven 
potent agents ; and any portion of it once formed in the nmt, would probably resist the 
action of air and moisture for a very long period ot time, if not entirely. Mr. Hig^n 
of Manchester states, as the results of his experiments on this subject, that there exists 
in madder a peculiar albuminous ferment, which, by acting on the xanthin, gives rise 
to the formation of colouring matter ; and that this process takes place to some extent 
even during the short period of time occupied in dyeing. This view has been con- 
firmed in its main features by the experiments of Schunck. 

That the whole of the colouring matter of madder does not exist ready-formed in the 
article as used by the dyer, may be rendered evident by a simple expenment. If 
madder bo exhausted with cold water, the clear watery extrwt does not contain any 
alizarin or other colouring matter, since these are almost insoluble in cold water. 
Nevertheless, the extract when gradually heated is found capable of dyeing in the same 
wav as madder itself. If made tolerably strong, it possesses a deep yellow colour and 
a very bitter taste ; but if it be allowed to .stand in a warm place for a few hours it 
gelatinises, and the insoluble jelly which is formed is found to possess the whole of the 
tinctorial power of the liquid, while the latter has lost its yellow colour and bitter 
taste Hence it may be inferred that the substance which imparts to the extract its 
bitter taste and yellow colour, is capable of giving rise to the formation of a certain 
portion of colouring matter. By extracting nnidder with boiling water, the subseqnen 
ffolatinisation or coagulation is prevented, and the extract retains its yellow colour and 
bitter taste ; a proof that the coagulation observed in the extract with cold water is a 
result of some process of chemical change which is arrested when the temperature is 
sufficiently raised. When the extract is agitated with a little animal charcoal, the latter 
absorbs the bitter principle, and gives it up again to boiling spints of wine, which on 
evaporation leaves it in an almost perfect state of purity. In this manner Schunck 
obtained a substance to which he has given the name of Kubian, and of which the 
principal characteristics are these;— It is amorphous and shining like gum, has a deep 
yellow colour and an intensely bitter taste, is easily soluble m water and alcoh^ It 
IS not a colouring matter in the practical sen.so of the word, for it givM to movants 
in dveinc only the faintest shades of colour. But if its watery solution be mixed with 
sulphuric acid and boiled, it gradmUly deposits a quantity of insoluble yellow flocks 
and becomes almost colourless. These flocks after being weU wiwhed, are^found to 
dye exactly the same colours as alizarin. In fact they contain ali^nn. The “qui” 
ives the factions of sugar. Taking this fact into consideration it becomes possible 
to trive an account of the principal cha^e which takes place in the process of manu- 
facturing garancin. It is evident that >nng this pr^ess the easfly soluble rubian 
becomes converted ifito the difficultly soltible alizari^ that there is in this caw. in f^t 
an actual formation of colouring matter which is added to that already existing in the 
root. A similar change takes place when caustic alkali is us^ in plwe of the acid. 
A solution of rubian on being mixed with caustic potash or soda, siinply t^s red, but 
on being boiled, it becomes dark purple and deposits a purple powder which consists 
chiefly of a compound of alizarin with alkali, insoluble in ca^tic lye. Fermentetion 
also decomposes rubian with great facility ; but in order to eflTect its d^mpositi^it 
is not indifferent what ferment is taken ; a peculiar ferment is essential to the purpose. 
A solution of rubian may be leff for several days in contact with ye^t decompoinng 
albumin, casein, emiilsin, &c., without showing any sign 
of madder with cold water be mixed with a large exc^s 
colour are precipitated, which, after being weU washed with al^hol^ 
sist chiefly of m azotised principle called Erythrozym which «ertg a pecifliw and 
powerful decomposing effect on rubian. If some of this suWee 
Hwateiy solutionof rubian. and the mixture be left to stand at the ordinary tem- 
perature the rubian is found after a few hours to be as completely decomp as 
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if it had been treated with a strong acid or caustic alkali, thongh no evolution of gas 
or any of the usual signs of fermentation have been manifested. The ^aolution, if 
tolerably strong, gelatinises just as an extract of madder with cold water does, under the 
same circumstances. The jVUy, when mixed with cold water, is found to be almost in- 
soluble. The water acquires only a slight colour, but contains sugar in solution, while the 
insoluble portion contains alizarin mixed with the ferment This process of decompo- 
sition affords an explanation of the fact, well known to madder dyers, that if the 
dve-bath bo heated up rapidly to the boiling point, instead of gradually, as is the 
Msual practice, prejudicial effects ensue. In fact, the sudden heating puts a stop to 
the action of the ferment, as would be the case in any other process of fermentation, 
whereas the gradual heating allows it to exert its full decomj^osing iwweron thi' rubian. 
Hence too, tlio advantage of mixing together several sorts of maddtT, one containing 
oerhaps an excess of rubian in proportion to ferment, the other a superabundanee of 
ferment to counterbalance it. The improvement which takes place in the qualitv 
of ml5dder after long keeping is probably also an effect of the same cause Jndee(l, 
it seems highly probable that the alizarin, which undoubtedly exists rt'ady formed 
in ordinary madder, owes its formation to the action of fermentation on rubian ; 
and an experiment made with fresh madder roots goes far to prove that this is in fact 
the case and that the fresli root contains no trac<‘ of ready formed colouring matter. 
Some madder roote having been taken out of the ground and cut small, without being 
dried produced the ordinary colours when ust‘d for dyeing m the eommon manner. 
But on treating the roots, after being rut into pieces as quickly as possible, with 
Ixuling alcohol, a yellow extract was obtained, which contained rubian, but which, 
even after all the alcohol had been driven away, wi^ found incapable of '"B^^^rhng to 
mordants any but the slightest shadf's of colour; while the ]>ortion of the root 
dissolved by the alcohol, on being subjected to the same ti'st as the 
to mordants no more colour than the latter. It wasevident, tln refore, that 
in thircase had effected a separation between the eolour-produeing bo<ly and 
which under ordinary circumstances, is destined to etb et its transformation in 
colouring matter. The same relation, it is apparent, subsists between rubian and 
ervthrozvm, as between amygdalin and emulsin. . • • v..* 

Erythrozym differs in composition from nil ot her known ferment*, contnimng a 
small^proportion of nitrogen not cttcceding 4 ,>or o. nt. 

of sugar nnarly in the same manner ns yeast, giving nse " ' "."''‘’i *; 

earbonic acid, hydrogen and succinic acid, but it is disliuguished from all otlier ftr 

. 11 * - 

and glucose, the decompositidn might at first sight be ' 

the resolution of the rubian into ttieac compounds, according to the muuI J 

composition of glucosides. The real decomposition is howewr much J 

pnJucts never consisting of alizarin and glucose only. The part ,m« u do m told 
Lter contains in all cases, besides alizarin two resinous f 

Rubiretin C‘HI‘’0*, easily soluble in alcohol, and Verantin, C H O , If ss solublo 

in Ih^ liquid. Eut in atJition to these, there is uniformly found aecompany.ng the 

alizarin, a third body, belonging, as far as general “PP"™’'';;. rPj" 

cf^rned, to the same class of substances as mbiaon. Pho tHn ^flnenmnosition of 

each case quite distinct. When acids have la«m employed for tho 

mbian, thto this third body is found to have the P> 

soluble in boiling water, and crystallisi’S in lemon-yellow si y " neids • this 

on being heatod,>ut resists the action of ^ ™ a™ 

substance, Rubian in, contains, according to Sfhun , pi«TT‘<0* * which is b 

used instead of acids, the rubianin is replaced by '.' in w. ter but so ubli iS 

body CTstallising in benutiftil golden-yellow sen Ics, 

alcoW, and complctoly voUtilUssd when heated, SHTa 

by ferinentafion, it y.'elds neither of these two. but m their place 

substance agreeing in tomposition r^m “k bvl^lssing into rubincie acid when 

the fonnuU C»H"0'‘ Schnnek’s view of the formation of 
theto coi^imd8 may be represented in equations as foUows 
. Sdmnek gives f« rufcUdln the formoU. C«H»0- ; bat Ibl. 1. improbebl. OD«coa«tof the «».«. 
•umbers of bydrofen siitt oxygen atoms [O « S). ^ ^ 
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a* Formation of alizarin according to Schunck) : 

« 2C*^H‘®0* + 7H*0. 

k OfTeranlinandrubiretin: 

C^fl«0** = + C‘«H>20® + 6H*0. 

c. Of rubianiu and glucose : 

+ H'-'O = + C®H"0* 

d. Of rubiadin and rubiafin : 

C«8US4oi» + 2H=*0 =. C‘«H‘<0® + 2C*H'20«. 

Or ruV)iadin and rubiafin may be considered as products of the further metamorphosis 
of rubianin ; — 

C“IP<0>® + H‘^0 = C‘®H‘*0® + C*H‘*0«. 

It appears, then, that rubian undergoes, not one, but three different processes of 
decomposition when acted on by acids, alkalis, or ferments ; that the formation of sugar 
is connected not with that of alizarin^ but with that of rubianin and its allies, and that 
in fact there is no reason why only one of these processes should not take place to the 
exclusion of the others ; why, for instance, rubian should not be so decomposed as to 
yield alizarin alone, without any of the accompanying bodies, which are from this point 
of view, not only a source of loss, but also prejudicial in practice. 

The formation of alizarin and of the other products of rubian above mentioned, does 
not depend upon oxidation. Nevertheless, according to Schunck, rubian does suffer 
a partial oxidation when its aqueous solution, mixed with an alkali or alkaline earth, 
is exposed to the air, the product formed being rubianic acid, (or perhaps 

=a Its formation may perhaps be represented by the equation: 

C-“n“'0‘® + 0" = + 2C0^ + 2H20. 

Kiibian. Uubianic acid. 

It is a true glucoside, and is resolved by the same agents which effect the decomposi- 
tion of rubian into alizarin and glucose, no secondary products making their appear- 
ance ; perhaps thus : 

+ 2H20 = + 2C‘'H**0®. 

Uubianic acid. Alizarin. Glucose. 

For further details respecting all these products, see Bubian. 

TTse of Madder In Dyeing. The chief use of madder is in cotton-dyeing and 
calico-printing. In woollen-dyeing it is not so much employed, especially in this 
country, only the ordinary woollen goods being dyed red with it ; the colour is not so 
bright as tliat obtained with cochineal or lac, although more permanent and cheaper. 
Silk is seldom dyed with madder, because cochineal affords brighter tints. 

The series of operations usually adopted for printed calicoes is as follows : — 

1. The calico having been singed and bleached, the mordant is printed on; namely, 
*r(‘d liquor* (acetate of aluminium containing a small quantity of sulphate) for red or 
pink ; ‘ iron liquor* (ferrous acetate) for violet, purple, or black ; and a mixture of this 
with red-liquor for chocolate. 

2. The printed cloth is hung up with free access of air for about two days. During 
this process of “ ageing,’* the mordant undergoes important changes, and becomes to a 
grt‘at extent insoluble, and therefore fixed in the cotton : red-liquor parts with a great 
part of its acetic acid, and its alumina remains as a highly basic sulphate ; iron-liquor 
absorbs oxygen and loses acetic acid, audris thus converted into a basic ferric acetate. 
Of late years, a “ nipid ageing process \has come into extensive use ; it consists in 
passing the printed calico through a heaUd 'chamber, the atmosphere of which is kept 
exactly saturated with water-vapour. This process is frequently completed in about 
half an hour, but the time required for it, as well as for the ortUnary ageing process, 
varies with the amount of mordant upon the cloth. 

3. The next operation is called “dunging,” and consists in passing the cloth through 
a hot mixture of cow-dung and water. During this process, superfluous portions of 
the mordant, which would otherwise get detached from the cloth during the dyeing and 
would be precipitated in combination with colouring matter upon the nnprinted parts, 
are removed (perhaps in combination with organic constituents of the bath), and the 
remainder is converted more or less completely into phosphate. For a good many 
years past, the use of cow-dung in this process has been to a great extent superseded 
by that of an artificial preparation known as “ dung substitute,” first introduced by 
Mercer, the essential constituents of which are alkaline phosphates and arsenates. (Sm 
Dtbikg, ii. 363.) 

4. Steeping in the madder-bath, which is kept lukewarm at first, and gradnallj 
raised to the boiling heat. 
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» « riBiirinff ” by passinit the fabric through a boiling mixture of bmn end water, or 
*■ BiS water or tfcugh a weak solution of chloride of lime, or by “ crofting, that 
it for some time on the grass to the action of air and light, or by several of 

^Jwlin^^ater'rariety of colours, other dye-stuffs are sometimes added to the 
meildei^bath, e. q. quercitron or fustic for orange. logw«)od for blacks, &c. ^ 

For further details relating to the openitiona of madder-dyeing, see Irf t Ikctiomr/f 
Artjt (^c articles Madder and Titukky-Kkd. , i ai i -u 4 

chVmical changes which take place during the process, may be shortly described 
as follows • In the first place, the water of the dye-bath extracts the mon- soluble con- 
^•n?^^ntrof the madder, such as the sugar, extractive madder, and bitter principle 
?rubian) Tlu* latter is docoinposod by the ferment, and the colouring matter thereby 
SSia added to that already existing in the ns.t. As the teiiiperature rises, tho 
Lh 8 {<Muble constituents, such as the elizariu, purpnnn. rnbiacin, resinous colouring 
matters pectin and pcctic acid, begin to dissolve, and at tin* sano' time combine partly 
mordants of the fabric partly with tlie lim(> and other bases contained in the 
Zf "d toro .Se-liath, lU^ tlL is.rn.i. .he li.p.id to take ii,. fresh quantit... 
from tho madder. The extractive matter a(siuir,'H at the same Mine a brown colour by 
[tTclmtoTaction of heat aiul oxygen, and covers the white ,«.rtioii» of a piece of 
^ • 4 . 4 trith a uniform brown tiime. At tiie same time the alumina monlant 

liM^’icquW a dirty brownish-red colour, and tin* iron mordiint a black or brownisln 

of the white portions IS ‘‘I"-* ;;'; '[V the alkali of 

y, How colouring matters I’y:’'’''"']/; ' ' while ih.' fat a. id tak. s their place in 

tl"’ fobX*'°'Afte"behig wIshed’X' g<«l« areVassi'd ihpmgh a w, ak solution of acid, 
the fabric. After being , . j ,■ j, onuses the eolmirs to assume an 

mostly sulphuric or oxalic, li,,„i,l is to he arrested, cun 

orange tinge. The point »» '•’'"•■I' ' i 1 , in the proc ss is, after washing the 

only be ascertained by practice Tim "'[I ’ J pressure, Uy 

gooils, to treat them again \4ith sodp-liii i Hoaoinu: the n.sc of nci<l 

<‘xposing the goods on the grass for some iim ^ ^ more tedious. * In this way are 

may be obviated ; but the 'for delicacy of hue, combined with 

produced those Vyeautifnl pinks and 111.. , , , v,„)wn in tin* arts. Wli<*tln*r 

great ponnanence, are not surpassed by any y ^ .onstitin*nt of tliese eolours, is not 
the fat acid of the soap employed forms ,,n ,ili,y. 

certainly known ; but it is probab e that i. ‘ “ . * " J „(■ «.|,ieh 

It is certain, however, tliat ''’‘‘I'. with muriatic acid, the eoloiir 

has gone through the processes just (U di.sappears on 

is destroyed, and a yellow stain yi,.iaing a stilution of a beau- 

troating the calico, after washing with i , l.xcess of acid, a yellow floexm- 

tiful purple colour. This solution ’ «ivyw)Ht ^mtirely in boiling alcoliol, and 

lent precipitate, which, after filtration, nlizarm. mix.slwitU 

white masses of fat acid, ine laru r, /u,.i,„ ,,,*k i 

the impurities before^treatment ^^hiction of pcrma’iient madiler-colonrs is the 
An essential condition for Tliis was first pointed out by 

presence of a certain re.ls at Iloinm, where the water is 

Hausmann, who, after having j„ ay-ing the same reds at f/igelbach 

calcareous, encountered "1* L‘ . v,uf on a<hling ehalk to his dye-liath, he 

near Colmar, where the wat^-r is P ’ v^•],)ell he had formerly produceil 

obtained reils as beautiful and as PJ**’’” ‘ , Aviunon madder, which is grown on a 

at Rouen. It has also long l>een ^nown that ..ff^rvesce with acids, 

highly oidMmw mil, «n. ...ad.-r ,.,|iii,y- tii" widtlio. o. 
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^biquet have shown by e:^riment that, in dyeing with pure alizarin, the leasi 
addition of lime is rather injurious than otherwise, as it weakens the colours withoui 
adding to their durability. On the other hand, the addition of rubiacin, of the resinou- 
colouring matters, or of pectic acid to alizarin was found to be very prejudicial, the rj 
then ^Hiring an orange, and the purple a reddish hue, while the black’ hfrarnt 
brownish, and the white parts of the fabric assumed a yellowish tinge : but thest 
effects disappeared completely as soon as the foreign colouring matter was completelv 
saturated with lime, the tinctorial power of the alizarin then reappearing with all it^ 
original intensity. Too great a quantity of lime must however be avoided, as it would 
take hold of the alizarin itself, and prevent it from uniting with the mordants. 

Preparations of Maader. Since madder contains a variety of substances which 
impair the brightness and permanency of the colours produced by alizarin and purpu- 
nn, it follows that the process of dyeing with it must be greatly fiicilitated4>y the 
previous removal of these substances. This object is attained by treating madder with 
sulphuric acid, which destroys the rubiacin, resinous colouring matters, gum, pectin, ex- 
tractive matter, &c., and at the same time, by its action on the rubian still existing in 
the madder, increases the quantity of alizarin and purpurin. Madder thus treated 
produces dyes which require less clearing than ordinary madder-colours ; and ther(> 
IS this further advantage in its use, that nearly all the colouring matter contained in it 
18 available for dyeing, whereas when crude madder is employed, nearly a third of the 
colouring matter remains in the residue unutilised. These considerations have led to 
the use of the following preparations of madder : 

1. Sulphuric Charcoal (Charhon snlphurique). — This name was given hy 
Kobiquet to a product which he obtained by treating pulverised madder with a con- 
siderable quantity of rather strong sulphuric acid for several hours, then diluting with 
water, filtering, washing, and drying the residue. It, dyes strongly and produces very 
fine colours; but being difficult and costly to prepare on the large scale, iLs manufacturo 
hns been abandoned excepting for the preparation of colorin, a product introduced 
into commerce by MM. Lagier and Thomas, and obtained by exhausting the sulphu- 
ric charcoal with alcohol and distilling the solution to the consistence of an extract. 

2. Garancin, first prepared by Lagier, Kobiquet, and Colin, is obtained iu a 
similar manner to sulphuric charcoal, excepting that a smaller quantity of acid is 
added (less than a third of the weight of the madder), and the mixture is more largely 
diluted with water and boiled for a longer time. The product is washed, dried, anil 
ground with a small quantity of chalk or sodic carbonate to neutralise any acid tluit 
may be Petained by tlio woody fibre. Madder yields from 33 to 3(5 per cent, of garaiiciu. 
Garancin toIouw are regarded as somewhat, less stable than those obtaiued-direetly 
tixim madder ; but, if the garancin bo well prepared, the colours are generally fine aiill 
bnlliunt, ^^ld the white ground remains intact. The violets which it produces are how- 
ever not quite satisfactory, and to obtain a rose colour with it is very difficult. 

3. Pincoffin, or Alizarine commerciale, introduced by Messrs. Pincoff and Co of 

Manchester, IS agaranciiipreparedand washed withthe greatest care, then made as neutral 

as ^ssible, and heated aWe 100° by high pressure steam, whereby a certain quant ily 
of brown colouring matter is destroyed or rendered inert. This product yields very 
pure and bright violet tints without requiring clearing, and the other colours obtained 
with It are equally satisfactory. 

4. Garanceux.— This is a product obtained by treating the waste madder of the 
dye-houses, which as already observed, still retains a considerable quantity of colouring 
matter, with sulph^c acid, then fllfigring, washing, drying, and grinding. 1'he 
substance thus obteined still dyes toler^ly well, and may be used for a certain class of 
patterns not containing rose or violet tints. 

^ Flowers of Madder {Fleur de Garance) is the namegiren to a kind of washed 
madder first prepared at Avignon by MM. Julien and Roequer. The madder is sus- 
pended in water containing a small proportion of acid, partly to saturate earthy carho- 
Tiates, partly to render the colouring principles less soluble. It is left in contact with 
the water for some hours, during which time alizarin and purpurin arc formed, and 
become insoluble, and sometimes a true fermentation is set up. The product is then 
carefully washed, so as to remove only the more soluble matters. The first liquors, 
being strongly charged with sugar, are subjected to vinous fermentation, and on 
Bubaequently distillu^ them, a considerable quantity of alcohol is obtained. Madder 
yiwas about 60 per cent, of this product, which, being fre*e from gummy and saccharine 
po^es, and especially from the brown colouring principle which soils the mordants, 
yi^d mu^ finer colours than madder itself. More than half the quantity of madder 
cultivated &t the present day is converted into flowers of madder and garmicin. 

6 Madder Extracts.— All the products above mentione<l contain nearly the 
Whole of the woody fibre of the root, an impurity which prevents their use in calico- 
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._- „Hnir To get rid of this, garancin or sulphuric chai^, or flowers of madderjs* 
CtoTwith wrtam solvents, as in the ureparaUon of wlonn already menU^ 
the colouring matters are dissolved out and the woody fibre and other 

^^oriries are left belund. The solvents used for this purpoM are 

* a Aluminium-tolls, alum being almost always the saU employed. The garancin, 

• rloeatcdly boiled with an aqueous solution of alum, the * Tul 

filtrate by sulphuric acid, and the precipitate collected and washed The 
thus obtain^ almost always contains aluininm but is otherwise very pure, ^d 
very brUliant colours in dyeing and calico-printing; but the process i8eo“^y. 
it^uires large quant, iUes of alum and sulphuric acid, and to recover the aluni 
^TcrvsSiVform, arid separate it from the acid, the mother-hquors must Ui 
s”rOTgly wncentrated in leaden vessels. Moreover, the residue of 'I*® ’'"*“8 

f™!^^^nated with alum, whieh prevents its further use in dyeing, is totally lost 
imp^i Alkalim-suUs The alkaline extracts are obtained by repent^ly 

mr Hiirlc wilouTed Eiid wlieii used for (iyeing, yield colours wluch roquiro very 

good garancin or fiowem 

^S2giS|g#S?« 

: tS^? u TsS is ^^^cs; “iisist. in the licatnioiit i' madder with sul- 

Jahresber. 1861, p. 938). .e,.aing both in pmicinle and in 

J™bifn)“C notyZ. been trlinsforinXito idiLrin or pn’rpurin, these compounds, when 
once formed, being no “lublo in wi^r Lautb of 

The process, as curried out on tin * . for eight or ton hours 

Strasbourg, is m follow" 2 or 3 per cent, of sulphurous acid ; 

with 10 or 19 times its w-'in'd «f pr.W^ On niixing. the filtrate, 

the resulting solution is filtered, and tl , . of it- weiirht ot stilmiuric acid, of 
wliieh contains the colorific p „rp« ri:::t^^^^^^ large rid or 

specific gravity 1 *52, and heating to oO o . ’r r a:... fU<xn wuutiAd. 


acid,ttnd yields a prt'cipitatc of alizarin CO ourecgrconiH ^ Kuhlmann 

purifleePby sublimation, or by aolutioii in ■''‘® "J j j ,' „f Hulpliuric acid used. 
The mother-liquor of the green 4 the water from 

together with the saccharine, giimmy, an " ' j j ^ .„|r garancin, the mudder- 

th^ madder. This acid honor is used and pressed. Themode 

residue which has ^ ^ fresh madder into garancin. 

of operating 18 exactly the saim f ® . . . ■ ,,,^1 aoj,], but likewise sacchanno, is 

motncr-liquor of fornicnted so as to obtain alcohol. 

neutraliBed with lime or chalk, and ^ ^ quantity of sulphuric acid conaumed 

This process is very simple and f ordiuiry garancin, and tha^ 

being aW the ^me he «raployexl ^ of sulphur (or pyrites) rwimred W 

ouly other material used being the smaU quunuiy 1 

Wuce the sulphurous acid obtained from 100 pts. of Alsatiiin 

By a careful exj)cnnient on the smaa nca , t't' 

madder : 

1*8.5 grms. purpurin. 

3*16 „ green alizarin ) 40° C. . ' 

0*30 „ yellow „ ) o 

42^ „ madder-residue dned ^ dried at lOO- j 
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colouring powers of these materials as equal to li timwi 
ed in the crude state. 


nod he estimates the nhl 
that of the ma^^if emi 

It does not apt^r t^ely that any other antiseptic substance can be advantageously 
substituted for the sulphurous acid. Kopp has unsuccessfully tried phenol, creosot/ 
arsenious acid, and volatile oils ; while the use of antiseptic salts, such as those of 
aluminium, mercury, copper, lead. &c. is inadmissible, because the residues, which 
always contain a portion of the colouring matter, would be contaminated with metallic 
oxides, and could not then be rendered available for dyeing, in the form of garauein 
or garanceux. (See Hofmann’s Report on Chemical Products and Processes in th 
International Exhibition of 1862.) 

7. Madder Lakes.— Those lakes, which are obtained by precipitating aqueous 
extracts of madder or its derivatives with salts of aluminium, iron, tin, &c., but espo- 
cially with aluminium-salts, pos.sess a degree of fastness which withstends the strongest 
agents. They are, however, but little used in dyeing and calico-printing, on ae^mt 
of their high price, but are extensively employed as artists’ pigments. For the prepa- 
ration of an aluminous madder-lake, see Lake (p. 466) ; also Urds Dictionaru ot 
Arts, iii. 15. ^ 

The residue of madder treated with sulphurous acid by E. Kopp’s process, but not 
yet exhausted, yields, when washed with boiling water, a yellow liquor still retaining 
a considerable quantity of colouring matter or of rubian. This liquor, mixed with 
a salt of aluminium more or less neutralised, furnislies, on boiling, fine red or rose- 
coloured lakes, according as the proportion of aluminium-salt is greater or smaller. 

The same liquid mixed with milk of lime, produces, on boiling, a violet lime lake 
(a compound of aliz.arin and purpurin with lime), which may scTve for producing, hy 
double decomposition, other comj)Ounds of the colouring matter with metallic oxi(b s • 
or, if decomposed with heated hydrochloric acid, it will yield the colouring matter in 
the form of a yellow or brownish-yellow extract resembling colorin (p. 748). 
Valuation of Madder. 


The method usually adopted for ascertaining the value 
of any sample of madder, is to dye a certain quantity of mordanted calico with a 
weighed quantity of tlie sample, and compare the depth and solidity of the colours with 
those pwduced by the .same weight of another sample of known quality. 

Ihibiergo (K6p. Chim. app. IStKl, p. 157) proposes to estimate the value of a 
sample of madder by precipitating the alcoliolic tincture obtained by tn'ating madder 
with 100 times its weiglit of alcohol, with a standard solution of neutral acetate of 
h'ud. A similar mctho<l was projx>sed some time ago by Basset, who, however, we ighed 
the precipitate. Thibierge states that the colour of the prccijiitatc obtained, especially 
if conh-ollad by that of the precipitate produced by stannous chloride, is sufficient Ty 
characteristic to detect the pro.seiice of any adulteration. The method of precipitation 
with S standard solution of ac(*tato of b‘ad is certainly expeditions, but it remains to 
^ the pi-ecipitation is regular and complete, and that the result is not 

presence of any foreign body extracted from the madder by alcohol. 
Sdder is sometimes adult enited with sand, clay, brick-dust, ochre, saw-dust, bran, 
irk, logwood, and other dj'e-woods, sumach, and quercitron-bark. Some of these 
i ■ 3 ^rc difficult to det<‘ct. 1 hose which contain tannin may bo discovered 

by the usual tests for that substances since* inaddeT contains no tannin. If the 
teration is of a mineral nature*, its pri'sence* may be* detected by incinerating a weMed 
quantity of the sample*. If the quantity of ash which is left exceeds 10 per cent., iiul- 
U^ration may be susp(*cte>d. 

MABBBR, BaST ZirBZAir. 



Munjeet. 

Calcareous con^etions produced by polypi, placed at the 
. of calcareous ramifications which are fixed at their base,* and perforated by 
^'^-tous pqjpBs. 

MUSTBRT. a term formerly applied to ce*rtain white precipitates; 

^jpite of bismuth thrown down on aeleling M'ater to a solution of the 
’j^cid,. 'was called magistery of Usmuth, ' „ 

AjprecipiUite or mas.s of crystals, or mixture of substances in a 



afB SIA . The oxide of magnesium (p. 754). * V 

.GIZBSZA BXiBA. A pharmaceutical preparation consisting of a intximw 


(fsdver^ hydrocarbonates of magnesium obtained by precipitating a soluble magnesium- 
nn alkaline carbonate. (See Carbonates, i. 788.) 




JrXORAii ‘ ^ old name for black oxide of mangiuiMe {q. v,\ 

(See Carbonatbs, i. p. 7&t.) 
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Natifn <tefbdnate of magnesium. 
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yi AOMPgaitTM. Syn. Magnium, Symbol Mg; At*l®ic wekbt Mg , 12, , _ 

This metal is usually classed with those wh(M«o oxides CQiuititutCjlll^ alkaline oaiil^ ^ 
but it is much more closely analogt)us to wnc than to any ofker element. It (^urs ia 
the mineral kingdom, jis hydrate, carlH>nate, borate, phosphate, sulphate, chloride, aim 
nitrate, sometimes in the solid state, sonietiincs dissolvtHl in various mineral waters 
tiiicluding salt springs), and in sea-water; in a variety ot minemls, consisting erf 
silicate of magnesium combimd with other silicates, as in soap-stone, m^nwhaum, 
steatite, ophite, tolito, anorthite, hornblende, asbestos, talc, augite, chrysolite, ---anti 
combined with aluminium, in spinel and zeilanite. It also wcurs in the bodies of 
plants and animals, chietly as carbonate and phosphate, and in combination with 

^*^Our^ac(iiiaintance with the compounds of this metal diM's not date from early times^ 

The knowledgt' of earbonatc of msigm-sium or mngntsm niha, as a 

proBuilgated from Konm in the beginning of the eigliteeiilh century. ^ ^ 

Lid Slevout in 1701), subsexpientlv foiiiul the same earth in tlie mother-liquor ^ ^ ’ 

rLrcwuul in Ep^ llotbnann, Blaek. Margraf. and llergman pomted out ho 

characters which distinguish it from lime, with which it was at t»r>t contouiKhKl. I)i y 
first obtained from it the m(>tnl magnesium, which Bussy succeeded in preparing in a 
state rgreater purity. It has since been obtained in much larger quantities by 

Itiinnon Matthi<'HK.'n, and D<'villi' and ('aron. , , . , ... . ■ 

of //»' «v h-atin^: tha ant.ydnn.s rl, ondn wtl. potaaan.mjn 

a wrc^^^lain or platinum oraoiWr Wh.m «dd, tlm .wnt. nls of tl.o vosaol an- 
iiM-oId water, by which tlie solntde cliiorides are <lisM.lved oat and the mi'tal i» \ 
a arey powder, wl.ieli o.an l.e m. lted into Rlolades. (Unary, I otJK A"’' *'. ^ 

9 dn-lrolms of the fmnl cMoridr. A poreelain crncil.le i» divnled in it« 

and fill('<l with fused chloride of mngne.siuni ; and tlie salt is subjectid 
hnltery oi 10 ainc earlmn elements, The nefiativo poh; .a 

[he an'rface of the apeeitieally heavier hipiid (Itnaaen, A/;- ‘j' /J;;"';;;”*;]; 

w.i^r,rc 

100 Krnia. of pulvi riaed fluoride of "J,' 'I' ' ol.tain.'d iiiBlobnlea. 

redness, in a covered ccirt ben i„ ,, of compact (•Inireoal placed 

which are afterwards heated nearly t > wl • ,, Htre ini of dry hynrogen 

usually retains jKirtions of oirbon, , , ’ Mfevi lie and Cur^ili* Altt^ 

liv careful distillation in a current of iiydrogf ri n ^ 

elssn 8on atadt has recently prepared magneaiiim by tht. o# 

.ti^ltiw wd coaraely laminated; dull" Its apecifle graWi* 

*-(l«lW-V»lrite and aliining; if""' /«„„,! Caron. It ia *<mt 

't; * ft® C. ' .*';'iv filed bored aawn and flattened to a eortai»«J^t^ 

tthaW a. eaJeapar, ami , it it may. b«^ 

but .» tt 1 1 t (Bun.en); 

be dmwn nut mto Wire, jt mens „ /-n^vinn and Curon). JlWNw 

4oUtai«r. at. aBont the aame temi«>rature aa ainc (DoyUle and 

*-t^e «l...t™;f th. ehlnrlita at aiaraa.laa. may b, e..a.fall»^ tO «f|M 0 ^ 0 ^, 

and the prolKutlori Of anhjdrou* wU prcuent. - <; 
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rite in a dry ate^t^^ in damp air soon becomes covered with a film of hvdmi. 
‘M.n*“KT "J: ^“es» >" ‘•’e ««;. Of >" o.Tyyen gas, it burns with a d^zling 

Mnish-whito lightyand fcnns magnesia. The light of burning magnesium is remark® 
imj rich in chemical rays, and may be used for taking photographs. It decomnosoa 
"ISi j’"*'* lo'f'y- ac^ulated water very quickly; when thrown on aqueous 

rO(*lonc acid, it takes fire momentarily; strong sulphuric acid dissolves it but 
, .,J a mixture of sulphuric acid and fuming nitric acid does not act upon it at or 
_hary temperatures. It burns when heated in chlorine gas ; also in 
tboughwiUi less facility: in sulphur and iodine-vapour vary hriWmnUy (Bunsen) It 
unites directly with nitrogen, forming a transparent crystallised nitride Mb>Ni 
(JJ eville.) ’ 6 ^ • 

Magnesium forms but one series of compounds, in which it is diatomic, e.g. : 

The chloride Mg"CP « 24 + 2 . 35-6 = 96*0 

The oxide Mg"0 = 24 + 1 G = 40 * 

MAOITBS^. BHOMXBS OF, MgBr'^ is fouiKl in sea-water and in numomus 
salt springs. It is produced by heating magnesium in bromine-vapour, or by passintr 
the vapour over an ignited mixture of mngnosia and charcoal. In tlie anhydrous 
state, It IS a white mass of crystalline aspect, which is not fusible below a n^d heat 
and not volatile. It deliquesces rapidly in the air, and dissolves in water with a 
hissing noise and evolution of heat. The solution, which may also bo produced bv 
dissolving magnesia in hydrobromic acid, yields, by evaporation over oil of vitriol 
crystals containing 3 at. water. When evaporated by heat, it gives off part of its hv- 
drobroniic acid, and leaves a mixture of magnesia and bromide of magnesium 

i"«.'edient of zoa-water ,iik 1 of 
many salt-springs and other mineral waters. It is produc.-d when magnesium burns 
in chlorine gms also by passing a stream of chlorine over an ignited mixture of 
magnesia and charcoal. This, however, is not a good mode of preparation, because 
the chloride of magnesium has but little volatility, and does not separate easily from 
the charcoal. Neither mn the anhydrous chloride be obtained by dissolving nnincsia 
in hydrochloric acid ami evaporating to dryness, because it is then partly decomposed 
by the water, giving off hydrochloric acid and leaving magnesia. The best mode of 
preparing It is to evaporate to dryness a solution of magnesia in hydrochloric acid 
mixed With sal-ammoniac, and ignite the residue in a platinum crucible. A double 
chloride of magnesium and ammonium is thus formed, from which the water is expelled 
before ifc can decompose the chloride of magnesium ; and at a higher temrmrature the 
anh^drotts double chloride is likewise decomposed, giving off sal-ammoiiiiic, and 
mire chloride of magnesium. 

A»axOU8 chlori<le of miignesiom is a wliitc traiisluooiit mass consisting of laree 
' 'T ‘‘id sliarp bitter taste. It molts t^^ 

TIW 'if •. ’TX'l'Iy in wtitcr. with considerable rise of 
tf chloride 18 deposited from a hot concentrated solution on 

.. ^Iing in necllos and prisms containing MgCl'.fill'O. Tlie crystals arc highly doli- 
.,^i: 'itey».° t.dis 80 lye m Of. pt«. of cold water, in 0-273 pts. of hot water, and in 2 pts. of 
€ JUB ' ^P^cihc gravity 0-817. ^ 

'"''•'■■i'lnn- The potassium-saU, 

• - 1 O’, by earful evaporation from tho last mother-liquor of 

6MJ#ator in rhomhohodral crysttils.— The sodium-salt contains, according to PoAiale 
(Compt. rend. xx. 1130). NaCl.MgCB.H'O. , accoruiiig to i:-og||lale 

^OMTSSIITM, BBTBCTZOW AjdS' UTZMATZOIT or. Magneeiuri- 

' '5*^ '""‘“i" a nnid. The carbonate, ho^, phos- 

“.““T organic salts, are insoluble in water- ^ 

ri Oieso ™lts are soluble in a solution of chloride of ammoninm ; most of the 
b«ii« soluble. Iho aqueous solutions have a bitter taste. All magnesium-salts 
1 the Ignited metaphosphate, dissolve in liydrochloric acid. 

drg way.-~A\\ magnesium-salts coiibiining volatile adds 
» ">.xiduc of magnesia. Magnes^m-salts h^ 

^ blowpipe with a small quantity of nitrate of cobalt, tevo a roso-colOT^- 

*" Solutions of magnesium-wilts are not-precipiMtirii 

UUiphj/d^ ^ or sriyAte of ammonium. The fixed alkali, and their 

hydrate or carbonate of magnesium, insoluteT 
Boluble m aniTuoniacal salts, especially of chloride of i 
If tlKikp^U^^iitaim amaotiiacal salts, no precipitate is forini<d. Ammoi^imAed 
of m^nesia, not containing any ammoniacal salt, throws down a 
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white precipitftte, insoluble in excess of ammonia ; but if the solhl^n pnmonaly e^* s 
tAinedan excess of acid, no precipitate is formed, the ma^esium being kept in 
by the ammoniacal salt produced, and even when the original solution is neutral, only 
a part of the magnesia is procipibited, the rest being held in solution in the 
manner. Magnesium-salts are not precipitateil by carbonate of aminoniumi 
ci/anide of potassium, or alkaline sulphates. Baryta or livW'imUr added t6 the 
solution of a magnesium-salt forms a precipitate of hydrate of tnagnesiuiJU This 
reaction affords an easy method of sepaniting magnesia from the alkalis. 

Ordinary phosphate of sodium added to a neutral solution of a magnesium-salt pro- 
duces a gelatinous precipita te of phosphate of magaesiuin, soluble in nitric orhydrochlone 
acid ; but if ammonia bo Uiou added in excess to the acid solution, a precipitate of 
phosohato of magnesium and ammonium, Mg"(NlP)PO\ is formed, which is flocculent 
or gtdatinous at first, but soon becomes crystallims especially on agitation. The samo 
pfbcipitiite is likewise produced on adding a soluble phospliate to the solution of a mag- 
nesium-salt already containing ammonia. It is an extrenu‘ly delicate test of the 
presence of mtignesia. If the solution is very dilute, tlie precipitiitt| attaches itself in 
crystalline grains to the sides of the vessel. According to Hurting (J. pr. Cheni. 
xxii. 60), a solution containing only of msignesia, gives a precipitate, after 2t 

hours with phosphate of ammonium mixed with free ammonia, provided the latter so- 
lution is highly concentrated and added in equal quantity. Oxalic acid or acid oxalate 
of potassium precipitates neutral magnesium-solutions, provided no ammoniacal salts 
are present. 

3 Quantitative Estimation and Separation.~mw\\ magnesia cs^curs in a 
..solution not confining any other ftked substance, its quantity may be determineil by 
evamrating to dryness, igniting the r<‘sidue, t lien moistening it with sulphnnc acid 
sliglitly diluted with water, and expelling the excess of tliat aeid at a low red heat*, 
sulphate of magnesium then remains, containing 337 p'*r cent, ut magnesia, or U)'22 


ner cent, of magnesium. . • * i 

^ If the solution contains other fixed substances, the niugm'sia pr<*cipitatod 

bv the addition of ammonia in excess and phosphate of sinUntn. Ihe jirecipitatert 
ainnionio-magnesian phosphate doe.s not settle down at once, but its . e|>oHiMon may bo 
accelerated by le.aving the vessel in a warm place. Can' must Vm^ taken, however, not 
to allow the liquid to get very hot, as in that case, hydrate .d niagneHium Wtll ^ pre- 
cipitated, and will be very difficult to redissolve. Die precipitate, after standing for 
about two hours, is collected on a filter and washed with water contaniing aminoniH, as 
pure water decornposes it. It is then dried 

pyrophosphate of magnesiiini, 2Mg'|O.P^O or Mg 1 3 , ton .lining . po 

magnesia, or 2162 per cent, magnesium. i -.i i W// 

the heavy mt^tuls, magnesium may be separated, either by sidphy^jmd 
or by sulphide of ammoniuni ; from aluminium and tin* other inetalM of the earthtf 
proper, also by sulphide of ammonium. In precipitating by sulphide of 
however, it is necessary to guard against tlm Himultaneous precipitation ot 
titles of magnesia, for which purpose the ammoniaeal liquid should 
filtering, till the excess of ammonia is exptdlcd; any magnesia that nni.y have 
cipitated will then be redissolved (H. Hose, Pogg. Ann. cx. ). or le 

'-y 

strontium, magnoHium is si-puratoJ '>y 

* ealcium byo^a^<so/o«»«««i«m.w.th.;t.ldit,onof chl<.ndo..fa.n m u 

precipitation of the magnesia. When, liowi vcr tlm quau i y o i i. 

iL.if : ,,r*hn m...rn«sium. this miHlu of prwii.itation iloc* not giro 


-Klo of prcoi„in..i not g.^^ 

results ; and it is better, according to Schncri'r (Ami. ^ i. larin. ' *• j i 

the two metals into sulphates ; dissolve the sulphateH ,n water; a.r- dly 
with stirring, tiU permanent turbidity is produc-d ; leave the liquid to itwlf|P^ 
hours, by wfeh time the sulphate of calcium will 

iwith a small quantity of sulphate of magnesium ; wash the precipitate on a flltOTJW 
wreeiiimp of wrttcr I thwi rediHsofvtJ t m water, add bjpw*. 


the two metals into sulphates ; dissolve the sulphates in water carr t i 
with stirring, tiU permanent turbidity is produc.d ; leave the *?, 

hours, by which time the sulphate of calcium will 

with a amall nuantitv of sulphate of magnesium ; wash the precipitate 


chloric acid in excess, a^ precipitate the lime with oxalic acid ‘"J 


»m the alkali-me 


tals mWnesiummaybe separated by converttog tlie ba^itit® 

lit The mLnesia*^ is then procipitat^.n the form of 


K ^ whicK^ibates the baryta, and coiirerts th. alkalis into sulpha^. 
Saciiesium’roay ato be seiiaralid from U» alk«l>-nie'“l'' V ntereu^eoltuU, 
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Ue solntioD, from wM Ml metals except those of the alkalis and magnesir.m have 
which mnstjwntain no ({xed acid, is digested with excess of finelr 
dmded meretoo^ ; the whole evapomKxl to d.Tnoss,a„d the residue heatlrX 
b”waA^ “ “"«"esi». and the alkalis can 

^f'^VcelJCoiliM. reBd. liMy'Wommends the following method. The macn. sia is 
precipiJM^tro^ifm Mlntion containing sal-ammoniac and free ammonia, by «4«.saLi;a 
the filtrate is ovaporateii to dryness; the residue carefully igniteil to 
fn^niacal salts; then redissolvcd in water; and the solution is mild with 
iiitrat| of silver and a slight excess of carbonate of silver. Alter filtering off the 
phosphate of silver (and chloride, if the alkalis exist,., 1 in the solution as chlorVd..s) t ! 

4. Atomic Weight of il/a^we^i?/m.--Berze]iiis found that lOO pts. of mairnosia 

80 , whence the atomic weight of magnesiuni would bo 25-24, a result too hiuh 
according to later exporiments. wu nign 

Scheerer (Pogg. Ann. Ixix. 135), by determining tho quantity of sulphate of 
banum from a given quantity of sulpliatf^ of magnesium, found h r magnesium 

tho number 24'2. The results of Svanberg and Nordonfeldt (.f. pr. ('Imm xlv 
VVl-t ’’y ''® dcco'»P«sition of oxalafo of magiiosinm (Mg "C-o'.2IPO) made 
It 24 7 ; those obtained by converting a known weight of niagtiisi i into sulnhate 

§791 ’ "'’‘7 "“7 -“I .Sobooror (Al;n. 7li. Itrm 1^77 

219), obta^ed by Igniting tho nativo carhonato (magnosito), gavo the nunihcr 24-04 
Dumas (Ann. Ch. Phys. [3] Iv. 129) attompteil to dotormino tho atomic weight of 
magrioBium by procipitating tho clilorido with nilrato of silver, but ho fouml tho 

SpJnW?p7^M77§4"‘7 I'l- moan of ,.lcv..„ 

The moan of all those results is 24 ,•12, but those of Marchand and Scheorer are 

bL mifh7l^7'’'‘ 1-“’ Moreover .Scheerer has lately shown by 

his method of separating caleinm and magnesium above given (p 7,4;i) H,,., t|,o 

«f^tmena,,f magnesite us,k1 by himself and Marelia.id in t7.ir deferminatimlfeon- 
lu'Tla quantities of c.dciuni not picvionslv detected. He therefore considers 

17^ oT'll -P'-mmUs was r.itluT ab.,7 tl.,7 iT,: tl7 

truth. On the wliole, tlion, the atomic weight of magnesium may be regard.xl as 24. 

O*"- Obt.ained as a while tasteless iiowder by 
trtMiting the carbonate with Iiydrolluortc acid, or mixing the snipliatu with fluoride of 
potassium. It is insoluble m water and nearly insoliiblo in acids. 

MAOmiSIVM, FXitrOBORIBB OF. See lloKOFU oniPKa (i. 034 ). 
MAOITBSZVM, FBV0SZ1.XCZBB of. ,See SII.ICOFI.UOBIIIBS. 

®f- u^uporation of its solution as a 

^ hydrate, which delninesees in tho air, and when heated ’gives 
^^^y**^*^*® ucid nnd loaves pure magnesia. ” 

xIift47if„®A^’ «*■•. Mg».V._DoyiHe and Caron (Compt.rond. 

xliv. 394), by distilling impure magncHium, obtained a black residue, and a distillate 
of magnesium covered with small transfwrenfc needles, which easily dcHjomposeU with 
lormation of magnesia and ammonia, and tli^refore containeii a nitdde of 
Priegleb and Gouther (Ann. Ch. Phar^^ cxxiii. 228) have obtained ^^1^0 
^impound, in the amorphous state, by igniting metallic magnesium in ammonia oTil 
nitrogen g^; Gie latter meth^ giving the purest product. Nitride o7TaX‘S.„m 
^“4^ groeriish-yellow amorphous mass, becoming brownish -yellow when 
h(|t. Heated in dry oxygen gas, it oxidises to maguesia, with ^dvid incandoscrce Ifc 
IS doc^posed by air and water, the reaction in the latter case being violent enough 
,to nialce the water boil. Acids both dilute and conceiitraled, with Gie exception of 
ammonium- and magnesium-salts, even in tho cold^ strong 
Hulphurous anhySd; ThS 
chloride of ammonium and chloride of 
.magnesmm , in sulphydric acid, the corro.sponding sulphide.s. Carbonic anhydride and 
dry carbonic oxide d^ompose it, at the heat of a strong air-furnace, wdh sc^Uon 
of ci^on and formatipn of cyanogen. When vapour of penlachloride of phosph^S is 
pass^ over nitride of magnesium heated in a stream of nitrogen, the nitride is con- 
yerted into a^^^sh-whito substance, probably P^NS according to the equation ^ 

- 6PCP + 5Mg*N» = 15MgCP -i- 2P»N*. 

"When nitride of magnesixim is heated to 160^ 


-180<^ in a sealed Ui^with oxychloride 
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of phosphorus, and the excess of oxychloride is distiil|id off, there remains a residuo 
which melts at 220®, and dissolves completely in watoi^' with great evolution of heat, 
forming a solution which gives, with acetate of barium^l precipi^^cif metaphosphato 
of barium. Absolute alcohol and iodide of ethyl do of maguesituni, 

oven at 160®. o. ' " ' 

BKAOWSSXirM, OXXBB OF. Magnesia. MgO'^Thig,;iwith, which is the 
only known oxide of magnesium, is prtxlucod in the form of“*a'^white amorphous 
wwdor, when magnesium burns in the air or in oxygen-gas, and remains ip the same 
state when the carbonate, nitrate, or any other salt of magm sium containing a Textile 
acid, is ignited in the air. It may be obtaiiunl crystalliswl in culies and re^ultt#bcta- 
hoilmns. by strongly igniting amorphous magnesia in a stream of hydrochlohc acid gas 
(II. Devi lie, Ann. Ch. Pharm. cxx. 280; Jahres!). 1861, p. 7); also, acooixling to 
Dejjray and Kuhlmann (Ann. Ch. Pharm. cxx. 283), by strongly igniting a mixture 
of ^Iplnvte of magnesium and an alkaline sulphate in a platinum cmcible, so that the 
magnesia sopirattnl by the h(*at may crysullise from the fust^d alkaline sulphate. A 
mixture of magnesia and ferric oxide, strongly ignited in hydrochloric acid gaSj^ yields 

a mixture of shining black octahedrons of magno- ferrite, MgO.hVO* or 0\ 

and slightly coloured regular octahedrons of magnesia containing a small quantity of 
iron, exactly resembling periclase, a minonil consisting of magnesia with 1 part in 25 
of ferrous oxide, which (K'curs disseminated through ejected masses of while lime-stono, 
and in spots of clustered crystals, on M<jnte Somma. 

■ Ordinary calcino<l mivgnesia is prepared by gentle but prolonged ignition of the car- 
lK)nato. It is a fine, white, very bulky powder, of spoeific gravity 3-07 to 3-200, 
increased by ignition in a pottery-furnace to 3 G1 (11. Iloso). It molts only at the 
very highest temperatures, as in the oxyhydrogon blowpipe fiame, to whicli it imparts 
Si pale red colour, and is then converted inU» si sort of enamel, which scrsvtches ghtss 
like a diamond (Clarke). It is tasteless and inodorous; ehsinges some of tlie mow 
delicate vegetable colours, as that of moistened r<sl litmus psiiH^r, like the alkalis; it 
is not caustic. It is psirtially decoin|iostHl by jiotassiuni at si white heat. It i® very 
slightly soluble in water; in 65,368 pts., eitlier cold or boiling, aaronling to Fre- 
soiiius (Ann. Ch. Pharm. lix. 117), the solution having a fsiint alkaline reaction. . • - 
A hydrate of viagmsium, MgIP‘'0^ occurs native in rhombohedral forms, as brucita 
(i. 684), and is precipitated as si white jsowdor on sidding potasli, soda, or baryta-wata* 
in excess to the solution of a magnesium-salt. 

MAOmBSZUIM, SUXiPBZBB OP. A sulphide of magnesium is obtained, mixad, 
however, with magnesia, by hcat'isg a mixture of clnire/oal and suljshat^s ot magnesium. 

A purer product isobtoinod by adding to the procediisg mixt ure, sin silksilino persulphide, 
or a mixture of carbonate of sodium with excess of sulpliur. According to Fr6my, 
sulphide of magnesium is easily produced by passing the vapour oi sulpliido of carboi^ 

over reil-hot magnesia. , , , • • i u,. 

{Solutions of magnesia are not jsrecipitated by alksilim* sulphides, but on mixinff suU 
phato of magnesium with sulphide of barium, sulphate ot bstrium is precipitatM, and 
sulphide of magnesium remains in solution, hulphidsi of magnesium is Iikowmo 
obtained by passing sulphydric acid gas in excess into water containing magnesia itt 
suspension. A solution of sulphide of hydrogen and nisigncsium is then formtHl, which 
is decomposed by boiling, into sulphydric acid, and a wluU; gelatsiious nniss of sulphide 

of magnesium. . . , , i -.i .u 

Sulphide of magnesium forms double salts with sulpliide ot larbon, ana with the 

sulphides of arsenic. , • r 

Sulphide of magnesium is decomposetl, by the continueil action of wator^ into mag- 
nesia and sulphydric acid. The pn-.scnce of that acid in mineral waters may, {Wrhaps, 
be accouutedfor by the existence of sulphide of magnesuim m t he straU lliwugh which 
those waters percolate. (Pelouiio and Fr^my, TraUv, ii. 280.) > 

MB.OWB8ZVM-BTBTXI. Mg(C‘‘H‘)*.--Whon ioilide of ethyl is add^ to 
magnesium- filings contained in a strong narrow glass tul»e. fin action imnie^iatoly 
takes place, attended with rise of tcmpcmture. and evolution of a wnsidemble 
quantity of gas containing ethylene, and apparently also ethyl and hydride of ethyl. 

If the tube, after being cooled with cold water, l>e sofilod and heaU^ for some houw to 
120®— 130® the contents solidify to a white mass, which, when subsequently 
yields a residue of iodide of magnesium, and a distillate contoiiiing undecompoi^ K^ido 
of ethyl, and magnesium-ethyl, which may l>e separated by IrActional rectification.* 
Magnesium-ethyl is a colourless liquid, having a strong alliaceous (xlour, and boiling 
rt ah^er temperature than iodide of ethvL It tekoe fire in the air, and_d«!ompj»te. 
water with violew*. (Cahoura, Ann. Ch. I’luirin. cxir. ‘iil, 364; JoSireib. 1869, 


magnetism. 


p. 416t — — ^ 

1859, p. 407.) . 

Magneaium^etbyl fbrmaa ^A-orystaV^lBed double salt vritb iodida n/* 
probable formula, ‘^^aMilym) ^^^^aesium: 

MAOxrsBimig^imm^iifZ is produced fiy the action of mairnoamm n« • 
ofmethyl manner simTar to the u likewise a mo^ stroDff-sm'em'n' 

“/''® air^quickly decomposes water, wUrevoff 
gfts and separation of magnos^ (Cahours.) e^olu- 

^llpHitazc zRoir oiftfi. - ‘ - 

vlmaniTZC P7BZTZSS. 


Native ferroso-ferric oxide (iii. 337, 397), 

Ferroso-ferric sulphide (iii. 401). 

MAC^TZSXH. It has been known from very early times that the njifi' 1 1 

' o*'*!® (Fe^O') possesses, a/eorUiin points of itl snrf^ 

called P^les, the power of attracting small pieces of iron. The Greeks eave 
mineral tTie name of magnetea {fidyurrrrt^), from the village of Magnesia^in Lvdia 
f considerable quantity: hence the name Magnetism^ln’ 

rhel^ons 

The attractive power of the natural magnet may be communicat(‘d to iron nnd Bf^^i 
t’he'mnf*^: the attractive power thus developed continuing, in soft iron, only so lone is 
the conftict lasts, whereas, in hard iron, and more especially in steel, it coiitinucs ifli'r 
^paration from the natural magnet. A bar of steel rubLd lenXisra.Id fn one 
constant direction, with the pole of a natural magnet, becomes itself a magnet eun d h 
of attmcting iron, and imparting its power in like manner to other bare of stiwl ^ 
e,wei?^™l"°f® imparting magnetism to iron or steel is by the action of an eiectric 
euwent or discharge, as already described in the article Ei.eotmcity (ii 448) A steel 
bar, placed within a helia of wire through which an electric current 4 rn^sed bfc44 

«htll presently explain more parClariJ” 
to tte magnetic by placing it in a certain ^sition rektivciy 

"’“Knots are the same in whatever manner their power may be 

nnly two other metals, viz. nickel and cobalt, in which the mamietic nnwer 
^ ’’“ conspicuously developed by the moans aliove mentioned : in nic^it is^oii 

are, indeed, more or less susceptible of magnetic influence, but they ^hibif its 
• “'’ten subjected to ve^ powerful electric or magnetic forces; and in many 

ftiaiLoNBTil^p";^ “ ’’y 

Pou^.—In a magne^sed steel bar, as in the natural magnet 
r' “"f ""*/ ’"’f more or less concentS in 

^oTto'’^ Pi"*"®’ “i O'" near the ends of the bar, whence it dimi- 

.1 regularity towards an intermediate point, or 

n"*® **' *" K0"0™lly in the middle of the bar. This may be 
iron filings, which then attach themselves in clusters rtmnd 
the ends, leaving the middle bare, as in fy. 716. If the two poles have equd SJiv ' 

i”®* . Fig. 718. 





Fiff. 717. 


fit ntoated at equal distances from the ends, and the power diminishes 
from each of them at the same rate towards the middle, the bar is saS^ to be nyufJefy 



ThM,TiowBm i» not .Iwaji ' 
than two polea, as shown in 717.^ 
jyiftetion of a freely-suapendod 4 

bar is suspended by its centre of gravity^ 
an agate cap on a steel point, as in Jig, 7 V 
nlai^ it takes up n particular position «i 
Minting more or less exactly towards th . 
thus suspended is called a magnetic^dl 
♦imes a stout bar weighing several pounds. 


bmHimes | magnet ezhibita 


♦imes a stout oar weigiuug jajuuvih. - 

Inzence-shaped bars of steel, like that represented in./^. 718. ^ ^ 

^ The nartiwlar angle which the bar in its position of equilibrium makes ^ 
tTfiOffranmcal meridian is different on different parts of the earth s surface, ai?a ^ 
S ^ I* 1 .A. ;i : Tr. u.-kom rkurfa fhn RiiKnondcd mafirnet 1 


Fiegularly magnetised steel 
torsion, or support ed by 
freely in a horizontal 
vpwv iM wi^los of the earth, one end 
^ the otbett to the south. A bar-magnet 
though the so-called needle is some- 
Small needles are sometimes 

feth. 

p-" - , 

S'The^mmft place at different times. In some parts, the suspended magiwt points , 
cxa*ly north and south ; in Ismdon, at tlie present time (1864), 

west wid south-east, the position of equilibrium making an angle of 20 4fi Wth tho 

^°^e^rtieal plane passing through tile two poles of the noeiUe is called tlio >nag- 
ncTie meJidiL of the place, anS the angle which it makes with the geographical 

mpridian is called tho declination. , 

One narticular end of tho suspended bar always points towards the north, th« Othfff 
towards^the south. If the bar be placed exactly in the opposjte position, it remain 
fH^iiirin a condition of unstable equilibrium ; but the shghtest d«tnrbaiice w I 
cause it to swing back to its former position, in which, after a certain number 
iXns it will (Sme to rest. The two ends of the bar are accordingly dosignat^M 
the north and south poles respectively.* Every n^gukrly magnetised piece of iron 
or steel has two such poles, and two only, which are not interchangeable. 

If the magnetic neSle, instead of having its movements reHtricfed to a liorisoiitiil 
nUne bo et^ nded by its centre of gravity, in such a manner that it can move freely 
Fn all directions, it places itself, not only in the magnetic meridian, but “ 

oarticufar inclination to the horizon, which also differs neoording to 

tS »mo place at different times. In Lon.lon, at the present time, a ^ly 
™dU mCFtic'^needlc places itself at an angle of 68“ 15 to t'-o 
north do^watds. A magnet, snspmided «i as to exlii al Uns melmation, Called 

a dinninff needle, and the angle of inclination 18 called the dip. - 

T^*^north pole of the needle dips throughout the greater part of the northe rn hemi- 
soheie and the south pole throughout tho greater part of the opposite 
ittnXse t^Zt^ns there is a line not deviating greatly /rom the earth s equ^ 
oZwFh ZnTXhas no dip, but stands horizontally In “hort, »« wU 
from what follows, the movements of a frecly-siispendcsl needle in J 

the w«a Z «S aVmay be accounted for by reganling the earth .u. a p^t -n^*^ 
rtmTortheriiZispherc^xhibiting southern, and the sonthem hemispKere northern 
magnetic polarity. (Seo Magnetism, Terbestrial.) 

Magnetic Attraction and Repulsion. 

Aoieceof unmagnotised iran is attrtmted indifferently by If. 

ant F Te^ ” be obeerved, that the 

ih^two is movable will move towards theoth<‘r; and if both aw morame, 
approach one another with velocities which are inverse y «" 
pb^f unma^etised iron or steel b« to mth ^lojf. 

the needle wiU move towards it. "if attraefs the south iwle of the Other, 

needle, it is found that the north pole of the one attra.fs the «mtn ^ ^ 

but roMls the north, while a south " j exactly Similar ^to that of 

generaVlaw of magnetic attraction “"d re mlsmn s th n x ^ 
electric attraction and repulsion (ii. 376). ■> . ^ ■„ 

poUs attract one anotk^. «-;•": ZZl * '«»«- 

msgnetised or not, it is suffiuent b> !>«»« _ attracts the needle, the piece of iron 

eately-^pended "‘j'f jj „n*heUeHiand, some parts attract, while othera 

raSrpolTirnrelinheion issliow^ to la. magnetic, and the number and 

XU.. ....I.. rwtlnfc nfirthwardt 


• BfMIMtimM «7 . 
f« miled th« south 
of themsKnet. In ... 
M the ** nurkod pole. 


uon, uy ^ u »A 

"»f«W ParA •Paak* »' “>« H« V'tch IhUM. oorthwsnU 
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Settle itself in iti|,po8itio^ 
intei^sition of a screen 
interposed, the needle 
magnetic forces being , 

Th4 force of magnt.^ 
the distance between the* 


nsM. 




non 


Action, 


iitioii w|S not be disturbed by the 
^ but, if a plate of iron l)e 
'T position, the distribution of the 
of the iron. 

ion varies inversely as the square of 
the term pole we must hero 


• . T cne term pole we must her« 

understand the point of app^tion of a® the' forces exerted by one half of a raairnef 

fh! pole/must vary in fx^tion 

accc^g to the distance between the magnets; but unless the magnets m-e very clow 
to^^, the distance -between their poles will not differ sensibly from that^wliich 
when the magii^ are placed so far apart that all the acting forces may 1« 

thf^Mbir of '*?**’ ■ *“ tins sense, do not of course coincide with 

points of strongest attraction, which are generally at the ends of the magnet hut 

:wgZ^fte :nd«Twtt^^^^ “ magnetic power decreases iore 

- ‘ ■ may be demonstrated in three ways: 1 . By the Torsion. 

magnetic torsion-balance is similar to that alrkidy 
' '‘® raeasurement of the electric forces, the shellac needle being 

FTr ^ ^fl^^i , !° needle, and the shellac stem by a btir-magnet. The mode elf 

I determine the law of magnetic action with regard to distance is 

.'J-iplE'”-' “ '« 

tecs ? “?r -S.Elsr'j,';::.: 

direction of that axis, and if disturbed from tLit position will 
3..m "n forwards, and ultimately settle in its original positmn of eqiiili- 

!tt™rt‘ f oscillations of the needle thus vibrating under the influence of magnetic 
rnfh^nTof“® *'*® *“">« ““ those of a pendulum oscillating under the 

^'‘y- T'”’"-" ''f«^oill<‘ticnareinyer,cly as 

T' then the fKiwcr of the magnet and needle to reiLin 

ita. ZtT 1® tho diminution of the ^tractive forctf.at differed 

^ hy counting the number of oscillations which t* needle per- 

e 'r *1.™* t‘me at different distances. It is necessary to observe, however that as 

■ ’ ^*^Wrt?at“ofT hy the magnetic force of the earth as well 

- ' the terrestrial force must bo either compensated or allowed for. 

f ""'e** “ possible, the experiment may be performed 

th«t IS to sav, a system composed of two magLtic needles of 
1 ’ together parallel to one another, but with their poles in contrary 

copper wire passing through their centres of 
glravity (11 443) such a combination will evidently place itself indiffereBtlv in ull 
positions rektively to the magnetic meridian, because the magnetic force of the earth 

let oue of the*™lefor ‘l"*J ** "PP"®*® directions. Now 

let one of the poles of such a needle bo brought near the contrary pole of a bar-mairnet 

dlsl!^ ha^n ^h”" f"'« ““y he left ^t of account^Th^ 

ft T^“®i ‘'*®" hi be measured, the 

t^w^w^^te, and the number of its oscillations performed in a given time, 

^ iT e “IT ‘•'® ""?e”etio forces at tjie distances d, uT, and «, n’ the 
oscillations in the same time ; we have rd nr^ = m- m 
1 7“ quantitftft n, «'/, rf' are related by the equation 

as tlm’d&t^iest clins^Ztly® “""'h®® ®f=«*®dtations in a given time are inversely 

m : ni = : rf*. 

rt.7,!eT- ^ °“® T''"®'* "““hes in a given time under the influence of 

mfluef^ ofTbf?®^*®”'! ^ J ““"'her performed in the same time under the joint 

hfn^lfi^tt, ”® ®(“ '"'‘8“®‘ Pl*®®^ “ ®®'‘«in distance from 

when^ mLi f ‘h« nomher performed in like manner 

Ifrth «ndf?^bi ^"’r®? f “/'"“‘T® ‘h®" ‘he miq^ietic forces of the 

^S^(ii! ,^ shKte "*"“® mentioned, be denoted by F.m, wf 

N*:n^ ^ F\m F 

and : w®* « + /P 

therefore n* ^ N*: ^ » m : F 
and ^ 7 n : F 

and finally m . ni =* «* -iV” * : n'* - 



as it were, from the two poles. Now tlu'se curves are clearly the graphic exprcasion of 
tlie law of magnetic attraction and repulsion with regard to distance : for each of the 
tilings under the influence of the magnet becomes itself a small magnet, the poles of 
which place themselves in a position (letermined by the resultant of tli(^ forces exeite4 
upon them by the two poles of the magnet; and this j) 08 ition of eqiiilibriiun varUll* 
uixJhj^ng to the distance of the tiling from the two fmles respectively. In fact, a 81 
magnetic needle, placed on any part of the paper, will sett le itself in the direction 
t.’ingoiit to the curve passing through that point. If placed on any point of 
proknijgation of the axis of the magnet, it will take up a jMjsition parallel to that axil 
with itll poles aiTanged consecutively with those of the bar-magnet ; at any point on tho’ 
lintf’drawn through the centre of the magnet at right angles to its axis— every point 
of which line is equidistant from the tM'o poles— the needle will place itself parallel to 
the bar-magnet, with its poles in the contrary direction ; and in un^ inti'niiediato position, 
the necidle will place itself obliquely to the magnet, its inclination iucreusiug with the 
difTerence of its distances from the two jKiles. - - 

If then the mode of generation of tlio magnetic curves — or, what conitef 
thing, their general equation — can be determined, the 4iw of force to 

distance may be deduced from it. The curves may be olitained in a state 80Q*^GiiU)nt 
for measurement by forming them over a plate of glass in the manner al>ove.i|Mii^|^^^ 
and laying upon it a sheet of paper covered with gum (jr starch paste. In this isyiailiirr 
the fllings will be fixed on the paper, and tiu* curv<*s may lx- ineasur«"d. 

By careful measurements of the curves forme<l by the joint action of two n^agnctio 
poles, either contrary or similar, on iron filings or infinitely small magnets, Boget has 
determined the following law : The difference of the cornu h of the, angle k ftmned with the 
magnetic asie {the line joining the two poke) hy linee drawn f rom theec two poke to any 
point of a magne tic entrve, ie a constant (quantity, the two angle s being taken on the same 
side of the axis. ’ ... 

Boget has described an instrument for tracing the curves by continued motion, 
founded on this property, and has also given the following method for describing them 
by points. , 

From each pole as a centre, and with any radii whatever, describe two circles; 
produce the axis till it meets lx>th these circles ; divide tho whole length into any 
number of equal parts, and project each point of division p<'rpendicuh^ on the two 
circumferences. If radii imlefiniteiy prolonged be then drawn throu^ the centre of 
each circumference and the points thus determined upon it, these raaii will intersect 
one another in points belonging to the curves. 

If the two actingpoles are of contrary name, the carves are said to be oonyerqing 
0 ^- 719), and are the curvilinear diagonals in the direction of the magnetic axis oz tJba 
. VoL.m ^3 0 
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quadrilaterals fonned by the interseef^n of the rays. I£^ the other hand the two 
poles are of the same name, the imrves are said to be divergent^ their direction being 
that of the curvilinear diaronals perpendicular to the former. 

Now let A, B {jig, 720)1)6 the two magnetic poles, M a point of the curve whose 
co-ordinates, referred to two rectai^lar axes, are x and y, Ivet AB be the axis 
of a?, and its middle point, 0, the origin. Also let OA = OB = h\ AM = r; BM = 
r' ; angle MAB =« i ; MBA * i. Then AP ^ h ^ x t cob i; therefore cos i == 
A X A “I* ar 

— ^ ; in like manner cos » ' * — - — . Therefore, according to Roget's law, 

A — ar A + ar ^ ^ 

_}. — j = constant; 

r — r 

h — X ^ h + X 

V. 1 — - ~a “ constant. • 

^ {h xy + y^ ^{h + xf T y^ 

This is the equation of the magnetic curves, the upper or lower sign being taken 

according as the two poles are opposite or 
similar. 

From this equation, by the processes of the 
differential calculus, the expression of the in- 
clination of the tangent to the cur\'e at any 
point may be found ; and as this tangent is 
the direction assumed by a magnetic needle 
having its centre placed over the point of con- 
tact with the curve, which direction is deter- 
mined by the resultant of the attractive and 
repulsive actions exerted upon it by the two 
poles A, B, it follows that the value of this 
inclination, properly expressed in terms of 
the distance of the point of contact from the 
two poles, will give the law of variation of 
the intensity according to the distance. When these calculations are made, it 
is found, in accordance with the results of the other modes of measurement above 
described, that the intensity of the force of magnetic attraction and repulsion varies 
inversely as the square of the distance. (See De La Rive, 7'raiie de TMectricith^ tome i. 
note D, p. 692.) 

Comparison of the Power of different Magnets. Distribution of ^Magnetism. 

The old method of comparing the power of magnets, or of different parts of the same 
magnet, consisted in ascertaining the weights which they were capable of supporting. 
This method, however, can give only a rough approximation to the truth, inasmuch as 
the weight which a magnet c.an support depends in great measure on the manner in 
which the weight is applied, and on the rate at which it is increased. When the weight 
with^ which a magnet is loaded is very gradually increased, it is found to be capable of 
supporting a much larger weight than could be supported by it if applied all at once. 

Much more exact results are obtained with the torsion balance and by the method of 
oscillations, both of which methods have been applied to this purpose by Coulomb. 

To compare the force of two or more njhgnets by the torsion balance,* these magnets 
are introduced successively through the We m {Jig. 373 ; ii. 380) and the needle of 
the balance is kept at a constant angular distance by twisting the thread through differ- 
ent angles, which are to one another as the forces to be overcome. When the method 
of oscillations is employed, the m^nets are placed successively at a constant distance 
from the needle, this distance being so great that they cannot alter the distribution of 
its magnetic power. 

Magnetic Moments. — Another mode of comparing the power of magnets is to place 
each of them successively in a small stirrup suspended from the thread of the torsion- 
balance, so that the miignet may remain in tne magnetic meridian when the thread is un- 
twisted. The thread has then to be twisted through different degrees, so as to obtain 
for each magnet the same angle of deviation from the magnetic meridian. The angles 
of torsion thus found represent what Coulomb calls the magnetic moments of the 
several bars. It is evident that the magnetic moment depends both on the magnetic 
intensity of the bar, and on the distance of its poles from the axis of suspenaion. 

Distribution of Magnetism. — To measure the relative attractive or repulsive forces 
exerted by tlie different parts of a bar-rnagm t, Coulomb introduced a vertical wooden 
rule into the glass case of the torsion-balance, in such a position that it touched the 
aeiedle of the balance which rested in the magnetic meridian when the thread wai 
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notwisted. At the back of this rule was a vertical groove in which the magnet to be^ 
tested was made to slide up and down, so as to bring the several parts of Its length 
opposite to the pole of the needle of the same name as the half of the bar which was 
presented to it. The needle was thereby repelled ; and to bring it back to its original 
position, the thread had to bo twisted through a certain angle, which measured the 
repulsive force exerted. The, bar was then shifted in the gn^ove, so as to bring another 
part of it opposite to the pole of the netxlle, and a similar experiment was made. 
The mjignetic bar being very close to the needle, it is only the points very nearly on a 
level with the needle that can exert any sensible influence over it, those which are 
even a few millimetres above or below, acting too obliquely. 

In applying the method of oscillations to the same purpose, a small needle, magne 
tised to saturation, so that its magnetic state may not ho altered by the action of the 
bar, is made to oscillate near ditfereiit parts of the bar. Denoting by w, >/<' the magnetic 
intensities at two different points, and by N, v, n the iminber of oseillations made in 
a given time, under the influence of the i^arth alone, and under this inlluenee added t« 
that of the two pointij of the bar under consideration, we timl, as on pagt) 758, 

m'. vt ■■ n* — : w’ * — 


Either of these methods gives directly the relativ(^ magmUit* intensity of any part of 
a bar, excepting at the extremities, for wliich the intensitii's found by dire<*t <*xperi- 
mont must be doubled, in order to give the true force at these points, us eoinjmred with 
the rest: for the power observed at these extreme |v)ints would evidently Ixi double 
of what it actually appears to be, if the inagm't were pmlonged, so as to present, beyond 
these extremities, points of equal niagm'tic force with those which are withiu them, as 
is the case for every other part of the bar. 

The results obtained by these melliods may be represento<l grapliically by erecting, 
at the several points of a horizontal line representing a mHgnetis(‘d bar, perpcuidiculars 
whose lengths are proportional to the intensities observed at these points. Tl)(( ends of 
these ordinates form a curve like that represented in fig. 721. 

It is remarkable that for all rectangidar or cylindrical burs whose 
Fig, 721, length exceeds 20 centimetres (or 8 inches) the form of this curve, that 
is to say, the distribution of the magnetism, is the same, (xcepfing that 
the space in the initldle, where the magnetic power is little or nothing, 
occupies a greater or .smaller space according to the huigllj oft he bur. 

The poles, that is to say, the jKjints of application of the n'sultnnts of 
all the forces exerted on each Inilf of the magnet l)y an infinit ely small 
needle or magnetic element, placed at such a distance that all tiie lines 
of force may be regarded as parallel, corn^spond with the centres of 
gravity of the surfaces cnclos(‘d by tlie cur\’(!8 of iutensity. Ilenco 
for all magnets of equal force and longer than 20 eentinn lres, the 
poles are situated at the same distance from the extremities: this 
distance, according to Coulomb’s calculation, is a])uut 4 centimetres 
(about 1’6 inches). In shorter bars they are situated at about two 
thirds of the dist^^nce from the centre to t.lie ends. 

The preceding results apjdy only to magnets whose length is v(*iy 
great in proportion to their transverec diirnuisions, and in which the 


form is perfectly regular— that is, prismatic or cylindrieal, and the magnetisation likewise 
regular: in lozengo-shapod needles, the poles are much farther from the extremities. 



Magnetic Induction. 

It has already been mentioned that a piece of iron or sb-el placed in contact with a 
pole of a magnet either natural or artificial, becomes itself a magnet This actiort 
likewise takes place, though with diminished inUmsity, at a distance, and is not pre- 
vented by the interposition of non-magnetic bodies. This effect is called magnetic 
induction, and the law according to which it takes phico is precisely analogous to that 
of electric induction (ii. 384), viz. that The extremity of the ir<m or steel nearest to the 
inducing magnetic pole, becomes a pole of contrary name, and, the farth4tr extremity a 
pole of the same name ' as the inducing pole. Thus, suppose a bar of soft iron to be 
placed in contact with the north pole "of a magnet ; on presenting a magnetic needle to 
Its farther extremity, the needle will turn its south pole to the bar, showing that that 
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end hafl become a north pole. If the bar be detached and the inducing magnet re. 
moved, the polarity of the bar is immediately destroyed, and the needle returns to its 
normal position ; and if the south pole of the magnet be now placed contact with 
or near to the end of the bar, the needle will turn round and present ite north pole to 
the farther extremity. The polarity of the end of the bar which is in contact with 
the inducing magnet, cannot easily be tested in a similar manner, on account of the 
contrary action of the inducing pole ; but if a short steel bar be substituted for the 
soft iron, and left in contect with the magnet for a few seconds, it will, on being sepa- 
rated, exhibit two poles, that which has been in contact with the pole of the inducing 
magnet being a pole of contrary name. 

Moreover, the iron or steel thus rendered magnetic by induction will act in a precisely 
similar manner on any other piece of iron or steel in its neighbourhood, developing 
polarity in it, if previously unmagnotised, and altering the distribution and inteiisi y 
of its polarity if previously magnetised. Consequently, just as the electric poiarity 
of a charged body is intensified by developing electricity in a neighbouring conductor 
(ii. 385) so likewise may the polarity of a magnetic bar be strengthened by inducing 
magnetism in a neighbouring piece of iron. Thus, suppose a bar of soft iron, B, to l)e 
placed in contact with the north pole of a steel magnet. A, in the manner represented 
in^^. 722, B will then become a magnet with its poles disposed simihirly to those of 
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and will act upon A, just us if B wtTe the original magnet, and A the unmagnetised 
n. Tlu* original polarity of A will tluueforc? be strengthened ; and, in fact, it is found 


that a steel magnet is rendenid more powerful and capable of supporting a greater 
weight, by leaving pieces of soft iron in contact with its poles. 

It will be easily undei-stood, from t\w preceding explanations, that the attraction of 
unmagnetised iron by the magnet is not an isolated phenomenon, but merely a parti- 
cular ca.se of the general law of the attraction between similar magnetic poles. This 
is also easily shown by experiment. Suspend a piece of iron, a key for example, from 
the north pole of a bar magnet; then bring the north pole of a second magnet in contact 
with tho first; the key will be held with gn^ater force than before, because the two 
magnets polarise it in the same way. Now turn the secon i magnet round, and bring 
its south polo in contact with the north pole of the first ; the key will immediately 
drop otf, because the sc<jond magnet induces in it a polarity contrary to that of the 
first, and reduces it to the condition of unmagnetised iron. 

The case is, however, difFerent if the two imignets act at opposite ends of the un- 
magnetised iron. Thus, let two magnetic polos P, P', (Jig. 723) bo brought in contact 
with the two ends of a bar of soft iron B, not more than two or three inches long. If 
the polos P, P', are similar, the iron will not be held up by them, because they tend to 
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polarise it in opposite ways ; but if the poles P, F are dissimilar, their polarising actions 
mil conspire, and the piece of iron will be held up with greater force than it would be 
by either of them alone. Hence also a magnet bent in the form of a horsc-shoe (fig. 
724) will hold a piece of iron placed across its poles, with greater force than a bar 
mamet of the same size and intrinsic magnetic force ; and by uniting a number of 
«u<A horeo-^oe magnets with their similar poles together, great power may be obtained. 

Another foot tending to show that the attraction of iron by a magnet must be pre- 
ceded by magnetisation of the iron is, that very hard steel, which acquires polarity but 
slowly is scarcely attracted by the magnet. ^ / 
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It is easy to sec that the poles . 9 , n, of a piece of iron laid across the j>olcs of a horse- 
ahoe magnet will strengthen its polarity; in fact it is the constant pnict ice to keep 
horse-shoe magnets, when not in use, with a piece of soft iron— tlienco called a keepe r 
across their poles. In like manner the best way of preserving the p«^wcr of bar 

Fig. 726. 



magnets is to lay two of them side by side in a box, with their fH>les pointing opposite 
ways and with keepers placed across them {Jig. 725). 

Mo Iccui ar Con s t / tut i <> n of M <tg n c t s. 

All the miignetic phenomena hitherto considen'd are consistent with the sup- 
position that the north [Kjhirity re.sidea in one half of the magnet, and the south 
{,x)larity in the other, each kind of polarity gradually incroasitig in intensity from 
the nunlian lino to the ends. But there are certain etbcts wliich show that mag- 
netic, like electric power, resides in moh'cules, not in masst's. Take a steel wire 
regularly magnetised, and break it in tlie middle. It will lx* found that <'ach half 
is a complete magnet, having a north and a south pole, with a median line between 
them ; and if each half be again divided in the middle, four complete nnigmds 
will be obtained, each having a north and a south pole, and so on, to whatever 
ext«‘nt the division may be carried. This result is ea.sily intelligible, if we HU])pose the 
original mjignet to be a collection of molecuh's, each having a north and a south pole, 
and all the similar poles fK)inting the same way. It is easy to see that, in such a row of 
particles, as in fg. 720, the opposite polarities towards the middle of the series will 

Fig. 720. 



neutralise one another, and only tliose of the tw’o extremities will be perceptible; but 
that, if the series be divided at any ])oi»it, <*'ich half will exhibit polarity similar to 
that of the whole. That such a .series of polarised particles really acts like an ordi- 
nary magnet, maybe show’ll by partly tilling a glass tube with steel filings, and passing 
the pole of a strong ?uagnet five or six times along tlni outside of it in one constant 
direction, taking care not to shake the tube. The individual filings will thus be mag- 
netised, and the whole column, if presented to a magnetic needle, will attract and repel 
its poles, just like an ordinary bar magnet, exhibiting a north |K)le at one end, a south 
polo at tho other, and no polarity in the middle; liut on sliaking the tuhe, or turning 
out the filings and putting them in again, so as to destroy tho regularity of the arrange- 
ment, every trace of polarity will dis.aj>pear. • u 1 • 

It is necessary, however, to observe that, in a single row of particles, such as that in 
fig. 726, each possessing equal magnetic jsdarity, tin* resultant {>olarity wouhl he exhi- 
bited only at the very extremities. Now, this is not what is aetually observe*! in 
magnets; and the dififerenco must be attributed to the hateral actions of the particles 
in the several rows composing the magnet, one on the other. 

Processes of Magnetisation. 

From what has been said of the molecular constitution of magnets, it is clmr that 
the process of magnetisation must consi.st in polarising each s-paratc mob cnleof which 
the bar is compost'd. Now, when a bar of soft iron is placed in contact with a mag- 
netic pole, the nearest particles become polansed by the dircet infim nee of that 
these polarise the next, and thu.s the polarisation is rapidly dcv**lo[H'd all along the bar. 
But hard iron and steel offer a certain resistance, called the coercive force, to the 
polarisation of their molt'cules, so that the development of magnetism in them, espe- 
oially in steel is slower in pro|>ortion to the hardness of the temper. Thus, when a 
l>Hr of hard steel is placed in contact with the north pole of a magnet, the nearer 
extremity immediately becomes a south pole, but the farther end sliows no polanty at 
first. A north pole is, however, fonne<l at a short distance from the south, and near 
this another weak south pole, just as if the bar were dividiid at that yioint, and tho 
portion of it first polari^acted like a separate magnet on the portion beyond. These 
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«>!«. .mtdnallv advance along the bar, a feeble south pole app^ring after a while at 
poles graauauy ^ the bar is not too lone— by a north pole, 

the farther end, succeeded, a^ mncrHetised If however the bar is very long, and 

senes of be^mon^ or less overcome, and regular magnetns.tioii 

Sited?"; sTrtlingThX- witha piece of metal, so us to make it ring, and thmw 
its particles into particles composing the bar 

will biassed by laying it between two bar magnets, with tbe.r opposite isdcs 
1 “ o. across the poles of a horse-shoe-magnet, the magnetisation then 

. ...... 

Anotlier pb,ce If steel to be magnetised, repeating the friction 

afier which no further memise ^i.^aes over it, Jo that the 

Jlhiri^^talVboVal^ 

iTIIpJdliiriiuIlVictioI, 'inasmLh as the piilarity imparted by niol. stmko k nwe^id 
oy r I fe T-invf- Possibly tlio co(*rcivo force oi the steel is o\cr 

.‘“hI 1— ...■ . 1 .. .-"o. 

a..mM? bv hiviilg tlio bar to bo magmetisiat between the opposite poles of two magnets, 

^ i rm.U otMlio bar they are tied together, with a piece ot cork or wood bet>^ ui 

r.£:ti "ii “ ^.ed to rotod ...d tobtod i. .h. toto — 

"“in bolh"hesemctho<ls. when two movable magnets are employed, 

an;"paraole acquires Xw“‘rMS I? t^eXtletu“ch 

motion >!■ “ jbe movable magnet or magnets are separaU-d by 
Ml^ sZll distani^ so that^he sum of their actions on a partide between them is mmle 
and the difference of their actions on an outside particle as small, as poss • 
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ia passing (ii. 448). Steel bars may be magnetised in the same way, but the m^^netism 
thus developed in them is but feeble, appartmtly beoAUse there is a want of vibt*nt<jry 
movement to overcome the coercive force. The magnetisation may indeed be 
facibtatod, as in other cases, by striking the bar so as to make it ring wliile it is 
under tne influence of the current ; but tlie best mode of magnetising sti'cl bars by the 
electric current, is to pass the bar through a short movaVde coil t>f wire, then tix it 
between two soft iron electro-magnets, the coils of which are connected with the 
movable coil, so as to form one continuous circuit, and, having made the eouneetiou 
with the battery, pass the moval)le coil backwards and forwards along the whole 
length of the bar, rubbing it at tlie same time against its surface, so as to excite a 
vibratory motion in the jwrtieles. In this way very po\vt>rfulaiul regular magnetisation 
may be obtiiined (D again, 7'raitc de iii. (>0S). It is easy to sei*, however, 

that Ihis mode of magnetisation rwjuir' S rather complex apparatus, cspeeially us, to 
develope powerful magnetism in soft iron re<juin*s a very lung eoil of wire passing 
several times round the bar, and consequently a powerful battery of several cells to 
overcome the resistance of the circuit. In most cases, tlieivlbre. the sijiq)ler metliodsof 
magnetisation by tlie single and double touch an* found mor*' convenient. 

Muynctisation hy Tt mstrial Inductiim. — Ifabarof soli iron, destilntc of magnelisiu 
when placed horizcuitally, be held in the lini' of the magnetic «lip, or in the ViTtical 
position, which in these latitudes does not differ greatly from it, its lower extrrmity 
will be found to have acquired uorth, aud the upper, so«t\\ \H>\av'\ty. Ow reversiug the 
bar, the polarity w\Y\ be also reversed, the low'er (‘xtremity being still a north \>ole. 
This effect is duo to the inductive ucti«»n of 1h»> earth, the northern heiuisplu re of 
which acts, as already observed, like the south pole of an ordinary magnet , 

A bar of hard iron or steel held in a similar position, doe.s not inuneilialt'ly (*xhibit 
magnetic polarity, but on striking it seve ral times with a key or a hammer, it be- 
comes permanently magnetised w’ith its north pole <lownw'ards. In this way, p«*rma- 
nentmftgnets maybe obtained without the u.se of other magnets or of the electric 
current. The effect on steel maybe gnatly augmented hy resting it on a bar of iron 
held vertically, and striking l>oth. Score Nby ohtaine«l powerful magnets by tin* following 
method; A large bar of iron w'as plaee<l v<rtieally and struck, ami having 1 hns accpiired 
a certain amount of magnetic power, it was jilaeed sueeesvjvcly on ea<h of two steel 
bars, 30 inches long, and one inch wid<*, lhe.se bars being also placed V(*rtieally ainl 
struck at the same time. Six smaller bars of ste« l 8 inches long and half an inch wide 
were then magnetised in a similar manner, by re.sting them vei’tically on oin* of the 
larger steel bars, and striking tliem, by which treatment they aecpiired in a few mimib's 
considerable suspending power. Lastly, the six small bars were joined two an.d two 
by their opposite poles, by means of soft iron keepers, and rubla*d witli the others 
according to the double toucli method. Jly this tn*atment they were found to be 
magnetised to saturation. 

In consequence of the magnetic action of the earth, all bars of iron, such as railings, 
lightning conductors, &c., standing for a huigth of time in a v«*rtical position, become 
{)ennanently magnetised, their lower ends in the northern Inmiisphciff acquiring 
north polarity. The magnetism of the native* bla<*k oxide of iron has d«mhtlesH 
been produced by the same causes, the very different magnetic jM)Wcr exhibited 
by different specimens being partly attrilmtahle to the different pohiti(*nM of the 
veins of ore with regard to the line of tim magnetic dip, tinit is to say, tho Iim> of the 
resultant of the terrestrial magnetic forces. 

CivcunistcLnce 8 which influence the Power of Muynets. ^ 

Whatever maybe the pnx’e.ss of magnetisation udoptitd, tlierp exists, for each bar or 
needle, a limit of magnetic force which cannot be permanently exceeded ; this limit, 
which is called the point of saturation, depends es.sentijilly on the coercive {)Ower 
of the iron or steel of w'hi(;h the V)ar is Tnad<*. 

Steel bars may, however, be magnetised beyond their jKunt of saturation, and do not 
return to it immediately, the time occu|>ied iii returning to it depending ujKm various 
circumstances, such as changes of tenjp' ratun*, the neighbourlaxsl of <»ther magnet s, 
position with regard to the earlli, Ac. 'lb ascertain whether a bar has hern rnagnetisHi 
to saturation, it is sufficient to remagin fise it, in the same direction, with niagm*ts 
stronger than those which were used in jnagnefising it originally ; it if thereby a^^qiiires 
but little increase of power, and this power disappears after a while, we may concluda 
that the point of saturation had previously been attained. 

/n/ucnce of Size and 8hapr.~-V<f ith reganl to size, Coulomb found ; 1. lliat the 
magnetic momenta of saturated magnets of the same substance and of similar fjjrm are 
nearly proportionid to the cubes of their like dimensions. 2. Ihat, in cylindrical 
needles of the same length, tho magnetic j;>ower is sensibly proportional to the 
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diameter. 3. The time of oscillation of a bar having a rectangular section, whose 
breadth is I, thickness e, and length 2L, is given by the formula : 

t = meV I + w L, 

in which m and n are constants, depending on the nature and hardness of the steel 
With regard to form, Coulomb found that thin lozenge-shaped bars have a greater 
directive force than rectangular needles of the same weight, thickness, and hardness. 
Influence of Har (lent ng and — Coulomb, having magnetised a steel bir 

to saturation, after liardoning it to different degrees, and testing its power by the 
method of oscillations, obtained the following numbers 

Temperature of hardening 870° 975° 1075° 1187° 

Time of 10 oscillations 93" 78" 61" 63" 

Steel does not undergo any sensible modification of stnicture when hardetfbd at 
temperatures below 870 and accordingly the magnetic results are the same at all 
degrees of hardening below this limit ; but when hardened at about 1100°, the steel is 
capable of acquiring double the magnetic force which it retains when hardened at lower 
temperatures: for the time occupied by the ten oscillations being 63" instead of 93", the 
magnetic forces are inversely as the squares of these numbers, that is as 3969 to 8649. 

A steel bar hardened at a cherry-red heat, and then magnetised after having beiai 
tempered at different degrees, gave the following results : 

Tempering heat .... 15° 267° 1122° 

Time of 10 oscillations . . . 63" 615" 70' 93. 

Hence it appears that the magnetic force is less in proportion as the steel is more tem- 
pered, the coercive force in fact diminishing with the hardness. 

Very different results were olitained with thin and very elongated laminne or needh's. 
I5y magnetising them at different d(*gr(‘es of hardness, Coulomb found that when har- 
dened at a white h(*at, they did not retain a higln'r degree of magnetic power than 
after having Ixam completely tem}»ered. In proportion as the liardness was diminished 
by tmnpering, the magnetisation liccann' stronger, down to th(‘ tempering prodneod by 
a dull red heat. On tempering th<*m still more, the directive force whicli they wen* 
capable of receiving continually diminished. Biot explains this anomaly by the forma- 
tion of two consecutive poles in very elongated and strongly hardened needles, each half 
of tin; needle thus i)Ossessing two poles of contrary name, wdiereby tin- directive force is 
greatly lessened. But a.s the hardness is diminished, tlie })oles nearest to the centre 
approach continually nearer to it, and finally disappear altogn*ther. 

Compass needles are usually temperoil at the lilue, that is to say, at about 300° C. 
In this state, the coercive force, though not at its maximum, is still very gre;it. and the 
steel is less fragile than when more ha.rdened, and h'ss liable to acquire consecutive poles. 

Nobili (Bibl. Univ. Ivi. 82) has endeavoured to explain the influence of hardening 
on magnetisation by the inequality of density of the different parts of the hardened bar. 
Ho found that when a bundle of thin steel wires (about 50) was very strongly magne- 
tised, and the wires separated a short time afterwards, each of them appeared strongly 
magnetised in the same direction ; but when the bundle was made up again, and untied 
A few hours afterwards, st'veral of tlio wires were found to be nnrnagnetised, and some 
had had their polarity reversed. Similar results had previously been obtained by 
Coulomb. It appears then that, in a system of parallel rows of maginqised partieh'S, those 
which are most strongly [xilarised destroy or reverse the polarity of the weaker series, 
and determine the polarity of the whole, and i^the original polarity of all the rows were 
equal, the magnetic jwwer of tlio entire sy.stem would probably soon be extinct. Now 
a magnetised bar may la; regardetl as made up of concentric layers of polarised particles, 
and if the external shell is rendered denser than the interior by hardening, so that a 
larger number of magnetic elements arc there included within a given space, this ex- 
ternal sliell will receive a higher degree of polarity than the external |)ortions, and 
nccoixlingly will neutralise their action and tletcrmine the polarity of the wliole system. 
For the same reason soft iron which has been hammered or wire-drawn, acquires the 
power of retaining a certain portion of magnetism. According to this view, the coi‘r- 
civo or retaining power due.s not depend upon any peculiarity in the physical or che- 
mical constitution of steel, but is enfirely due to the different densities of tlie super- 
ficial portion.s of its mass. • This is in fiocordance with the fact that small bars are 
capable of retaining a proportionally greater power than large ones, their surface being 
greater in projKirtion to their volume. It is also support^ by the following experi- 
ment made by Nobili. Two cylinders were constructed of the same kind of steel, and 
of equal length and diameter, but one solid, weighing 28 grms. the other hollow, 
weigning 16 gnus. They were then hardened to the same degree, and both were mag- 
netised to saturation. When placed at equal distances from a compass-needle, the 
solid cylinder deftected it 9J° the hollow cylinder 19°. The great difference of power- 
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thus shown in favour of the hollow cylinder, the mass of which was not much more 
than half that of the other, appears to be due to the circumslanco that it was hardened 
both within and without, and was therefore covered on both surfaces with the dense 
crust which, according to the pree<ding view, preserves tlie magnetic i^wor, whereas 
the solid cylinder was thus hardened only at its outer surface. On the other hand, 
however, it must be admitted tluit this mode t)f explaining the retaining power of sti^el 
d^es not account for the known fact, that iivn containing a small quantity of sulnhur 
i» capable of retaining magnetism, altliougii perfectly liomogcneouH, and that very hard 
jbteel is scarcely if at all attracted by the nuignct. 

r Injlutnceoflhat.- Thi' power of magnets is diminished by rise of temperature, 
temporarily or perinam'utly according to tlu' degree of heat applied. The effect of heat 
i.s to diminish the coereivt' force ; aiul at a red heat, as first observed by (HllxTt, asti^el 
magnet loses the whob‘ of its pow«‘r. Wlien, on the of her hand, a magnet is only 
sli^tly heated, its power suffers only a temporary diminution, tlu^ original intensity 
being regained on cooling. This eircumstaiiee must !>«• .attemhHl to in t*sfimating the 
; relative intensities of the earth’s magnetism at tlill’erent bx^alities, by okservation of 
tlie oscillations of a magmtic needle, as, if the temp«‘ratnre is higher atone place than 
at the other, allow'anee must be maile for tin* diminution of magin'tie intensity in tho 
needle th(‘reby produced. 

On tho other hand, inagin tism is more ea.sily imparted to st(‘el at high temperatures; 
so that a bar may bo very powerfully magin‘ti.sed by placing it while red hot betwiHJii 
tho opposite poles of two strong magnets and cooling it (piiekly in that position. 
A steel bar heated to redness and then hardened hy sudd*‘n cooling in the vertical jKisi- 
tion retains tlie rnagm'tism imparted to it by the inductive .-udiou of the earth. 

Couloml:) luis measured tlie uecreaise of tin* magnetic force of a bar as its temperaturo 
is raised. Ii<' first tempered the bar so that its coereivi* force should not vary during 
the heating, tlieii having magneti.'ied it and heated it to various temperatures, he ob- 
tained the following results ; 

Temperatures . . . UP 50° lOO^ 264^ 42r>'^ 037° 850° 

Time of 10 oscillation.s . 63” 97-5” 104” 147” 215” 290” very great. 

According to Kupffer, tin* effect of beat upon a magnet is not inKfantain‘oiis, but 
requires a considerable tirm- to pr.,<luee tin* utmost *limimition of power of which it 
capable. For <‘xain})b*. on plunging a magnet several times into boiling winter, and 
loaviu-r it each time for ten minutes, a, diminution of the magnetic forci* to.ik idaec* at 
each imim rsion up to the sixth, after which tin* power remaineil constant, Kupffer 
has also shown that when one half of a magnet is heate<l, t hat lialf becomes weakian'd, 
and tin* median line approaches nearer to the opposite end. According to (dinstie, 
the grenter iiart of the diminution of fin* force of a magnet by heat takes place instan- 
taneously, a result which is in accordance with tlio aceumulatiun of magnetic power 
near the surface (p. 767). 

Inpu'ncr of Ma'haniatJ Actions on the Mfuindic Power of Iron. 

We have already had occasion to notice tin* iiifiuence of friction, percussion, and other 
ttinses which agitate tho particles of bodies, in .liminishing tin* eocreive jKjwer of inm 
and stf^l thereby weakening the power of permanent magnets, ami facilitating tho 
development of magnetism by induction. Various other meehaineal actioii.s whidi pro- 
<luc.' a t. miiorary alt.Titiun in tin- iiiol.'cnlar .•..n.lition of a nniKH of iron likr^iso 
produro a temporary alteration in th.. mao... tie ,m«o.r wind. ...liy 1.o .n,In.-o. ... . . by 
any causp, the iron regaining it« original inagn. lie p.wer aa afaiii aH the il.aliirl.ing 

The eaaiest way of examining the eff.'ef pnalneed by t..r»ion on 'tho m..g- 
netic state of iron is that dovis.-.l by K. H.-eijncrel, Ylooh eons.sts in making nse of 
the eurrents exeit.al in a helix enveloping the magnet, hy every increase or d.m.nn loii 
of its magnetic power (ii. tSl). For this pur|K.sp, a wiroof w.dl ann. aled iron, otr.'tehe<l 

bya wei^t is pa»se<l through a vertical glass tills., round which is eoib-d n helix in 

connection iith a delicate galvanomct.-r. The wire in this is, sit, on ls.«m.es n.agnot.««l 
by the inducing action of the earth, and it is found that on twisting it either way, tho 
galvanometer needle is deflected, in a dinsition which shows that the magnetic poww 
of the wire is diminished hy the torsion; and when the wire is 

moves in the contrary direction, indiealing that the magnetic polanly of .she wire u 
retn^ing tow^nls primitive state. On allowing the wire to jsie. late fr^ly 
torsion Ld interposing in the . leetric circuit a commutator which changes the di- 
rection ’of the ourwnt through the galvanometer every time it is rey..rsed in the helix, 
that is to sav, at the moments when the wire passi* throngl. the tsisiiioii of equilibrium 
•nd of maximum torsion, a continuous current may be obtained. 
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Wertheim has tlwtT^^quTroturi^'h^ewTTorira^ 

and torsion, by a method similar , of thick wire to receive the current 
of iron enveloped ° ,o„g thin wire to receive the induced current 

magnetises the bar, the <5ther rni Agiices are placed near the ends of the bar, 
co?vey them to first shown that the softest, 

occupy but a small portion of . Aoercive power, and therefore always retain 
always possesses a f once induced in it, Wertheim obtained t 

certain amount of the magnetic polarity once^ ^ ^ flftv^f'lone nnv ma 



meridian, or subjected to the ^ tj “Sictisin^R action of either of these, causes 

or to the action of the electric c r„-„t,U^ 

is accelerated both by “tcl-ns t^ toial magnetisation, and detorsion 

equilibrium is eMablislied, tom niaximum of magnetisation takes place in 

restores it to its former __3 is withdrawn from the action of the 

the state of mechanical ((luilihi lum. . . yij.kiy destroys the excess of tern- 

magnetising agent, repeated torsion indefinitely on the permanent magnetisation, 

porW magnetisation, but continues V,;toSi.-4^ When tlie« bar is in any 

which is diminished by torsion the efiects of torsion are proport ional to 

given condition of magnetic cqui i r'“™' ‘ ^jPe^ts appears to depend mueli more 

the angles of torsion ; but tli« f ‘?,!~.rarTLunetisatio,i prodiie. d by 

Upon t 


,103 of torsion ; but t ic ; y^’^ .rgnetisatiou prodiic d by 

the external cause. — 6. I he torm > intensity ot tliu 


and with the intensity of tliu 


ra^netisation—e. The order of The liardest iron 

tlie only difference being m *''® ' ,j j,. torsions, to bring it to its eondition of 

requires the greatest number of eouaUty o” tile opposite indueed currents. - 

magnetic ‘‘d y_ mmirL a greater number of torsions and 

7. Steel also, the more it is ^ ^ «milil>ri.iiii ; but when oiiee I bis 

detorsions to bring it to a " ’ o^jj„„ to Wertheim, bo modified iiy torsion 

equUibriiim is f " ‘Vitli iron ^ Matleiieei. on the other hand, always 

and detorsion alone, as is the casi . , weaker as the steel was more 

obtained feeble currents m this i ■ , , oof’ been explained, tlic modiliea- 

hardened. Hard iron , ft,r the interruption of the, 

magnetising current than during iis p % 

take place till afier some time. Dormanent torsion before magnet isa* 

When the bar is in a state of temp y ,,, maximum corresponds 

tion, similar results are obtained . t -y. whioli exists in the state of 

not with the initial staU' of torsion, 

mechanical equilibrium ; ‘’“‘v ^.o fonjion and diminishes wlieii the original 

the direction wh.idi f'X Tnitial iH-rmaneiit torsion is produced while the 

torsion IS re-established. ," 7 c„f rent, a rutation of the maximum is 
bar is under the action of t’’*' . 8 • jjjpi,,ced and in the direction of th.’ torsion, 

observed ; that is to say, the max P j,jjrJer, and the permanent torsion 

tt ThU Hc“ SayrrJss than half th. temponiry torsion which necessarily 
Ses place during the “vSd on"tl*S*ecTpr»il influence of magnetism ou 

IVacthn and subiect«jd to the magnetising action of an 

by tension in a wire of iron sudden shortening 

el^tric current, produces an t«cr^ ' ooufimied by Wertheim, who has also shown 
diminisl.e» it. These torsion and detorsion. All these 

thatylcc/mw and deflection &ct m _ molecules produced by these various forc(«, 

» .i- »- — 

planation of the weU-known flic , that » the weight is removed. He al^ 

rtxonger, but returns to its pn^iti'C iron ships to the ine^Uble 

attributes the great irr^^iti^ . voy^e, these flections producing 
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tiBed under ordinary circumsUncea, but contracts if already powerfully s(retobe4 
echaoical strain previous to magnetisation. 

Magnetism compared with Electricity. 

e phenomena of magnetic induction, above described, are analogous in almost 
particular to those of sUitic electric induction ; but there is one essential dif* 
nee between the two; thtre is no such thing as magnetic discharge. In the 
'e of electrified bodies, we know that, when the opjx)site {Hilarities of the neigh- 
uring surfaces attain a certain degree of intensity, discharge takes place between 
them in the form of a spark ; and the distribution of the electric forces, after tliis 
discharge, is no longer tlie same as btdore, the one body apjiearing to have lost tl 
certain amount of power, and tlie other to Inive gained it (ii. 385). 13ut in magnotio 
induction, nothing of the kind is observed. Whalt‘ver may be the jxiwer of a inaguot, 
and however intensely a pi('ce of soft iron may be polarised by contact with it, the iron 
can take nothing from the magnet ; but as soon as the contact is broken, the soft; iron 
loses its polarity, and the ste(‘l nuignet is found to have lost nothing, but rather to have 
had its polarity inUmsified. Nt'itiKT <lot‘s hard iron or steel, though it remains mag- 
netised after separation, tak(! any pow«r from the original magnet, its retention of 
.polarity being in fact analogous, not to tlie condition of a lH)dy winch has been electri- 
fied by discharge, but to a non-conducting body like sealing-wax, which has been elec- 
trified merely by induction, and t In n removed from the neighbourhood of the inducinglxdy, 
Tho phenomena of magnetism are not then j)recisely analogous to those of static 
electricity, notwithstanding the exact parallelism whi<*h exists betw'cen the two up to a 
certain point. But, as alrt'ady explained under Ei,F.<rruu'iTY (ii. 447), tho laws of 
magnetic attniction and repulsion avre exactly simibir to those of the mutuail action of 
electric currents. Two helices of copper wire, throaigh w'hich electric cummts are 
passing, attract and reped one another exactly like magnets, and, accordingly, all the 
phenomena of magnetic attraction and repulsion may l>e accounted for, if wc assume 
that a magnet consists of an aggregat<‘ of particles having electric currents consUuitly 
circulating round them in one direction. This theory has been sufliciently developed 
in t he article refi rred to, and we need not dwell upon it furthiT. 

But, as a bar of iron orste< l is rendered magnetic l)y the action of an electric current 
passing near it at right angles to its length, we must Hup{H)he, if this theory be true, 
that an electric current has the power of inducing in magnetic bodies a system of olectrio 
currents in the same direction as itself; moreover, that these currents, once estaldished, 
will continue, in soft iron, as long as the original curnmt continues to act, and, in tho 
case of steel, even aft^'r it lias ceased. Now, this is not what is observed to take placo 
in the action of electric currents on conducting bodies in general. Wo know that when 
a conducting wire forming a closed circuit is plaiaal near another wire conveying an 
electric current, the latter, at the instant when it bi'gins to fiow, induces, in the first 
w'ire, a current opposite in direction to itself, this current, however, being merely in- 
stall tanoous, and no induced current being perceptible so long as tho inducing current 
continues to fiow with uniform strength ; ami, finally, that when the original current 
ceases (or the battery circuit is broken), another moment ary current passcH through tho 
aoeond wire in tho same direction as the inducing current. Tln se eflTects of electro- 
dynamic induction are evidently totally difterent from those which must l>e supposed 
to take place in magnets, according to A.mp^re’s theory ; and we must, therefore, sup- 
p<>s() that magnetic bodies have a peculiar molecular constitution, which enables lui 
electric current {xissing near them to excite continuous currents round their particles iu 
the same dirt*ction as its own ; or rather, perhaps, that these curn nts pre-exist in all 
magnetic bodies, even before the devidopment of magnetic {Hjlarity, but aw? disposed 
without regularity, so that they neutralise one another; and that imigneiisation, 
either by an electric current, or by anotb<T magrn t, is the process by which these mole- 
cular currents are made to move in one direction (ii. 448). 

The hypothesis that the molecules of magnetic bodies, such as iron and steel, are en- 
circled by continuous closed currents of electricity, which, Ijcfore the devedopmont of 
magnetic polarity, circulate indiscriminately in all planes, but, in a magnet iseal bur, 
circulaUi in such a manner that, on the whole, the prevailing direction of rotation is iu 
the same direction as that of the hands of a watch conceived as Hituate<l at the centre 
of tho bar, with its face towards the south pole and its baek towards thU north pole, 
and in a plane perpendicular to the line joining the two poles; this hyi^thesis accomit* 
for all the most important facts connc*cted with magnetisation, and receives from soino 
of them a striking confirmation. According to this view, magnetisation consists in 
giving to the particles of a piece of iron such an arrangement that the prevailing direc- 
tion of its molecular currents shall be that indicated al>ove. Coercive force is, on the 
same view, a resistance to the molifm of tlie particles, which requires to b«‘ overcomd 
equally to produce magnetisation or demagnet i.sation ; and the saturated state of n 




%0 MAGNETISM AND DIAMAGNETISM. "M 

' . w ftf molecular currenta circulate in 

tised when it ia so supported ,f. „:g.^„how the intimate connection betwe(J|* 

magnetic effects developed by „lso enables us to see why the cwreii 

mwcular motion and magni‘tisation. T liardness of steel is nothing more than 

W of steel is increased by hardening for the hara . 

tTnlvemaltty of Magnetic Action -Hlamagnetlam. 

Magnetism was fora long time regarded as that aU 

“balt,andcertainoft leircomv^und^ 1 

Ri" "r;r ;r,rJi:,u£': 

the presence of small quantities of j Bruginanns, in ' < 7«, obs< rioa 

Sand animal Bll'u^ey came ‘to rest in a line between^e 
poles of two powerful mAgiu s, nii*intitv of iron, not exceeding ,3v,.iw, 

Toles ; but ho also showed that a very ■"’""“•Xim h. produce this effect : hence he 
intimately mixed with a needle of ^,(.,1 were Ve to the action of the nia^- 

consideriulit uncertain whether the eff.ct. . ^ ,„:n„te quantities of iron contained in 

Its on the various substances themselves or cm mm ^ observed that rods of 

them After the discovery of eleotro-magni turn, . unspun silk within the 

1828 . found that a dubcatcly suspen^d magimtic prei-ionsly made by lirugmannj 

SS STSS'i" “ 


retDirdinR tms enect »» of reseftrciie® wukv» a.-.. 

formCT class includes those bo^***. . attracted. -irhfn in their natural i^t^ 

n^ iuaimetic attraction and rcpuis'uu-r^*. f. tart or rods, and suspended jmning 
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Other metals of the series, magnetic susceptibility can onl^ bo detected by tho 
gnets of great power. Mai^anese, chromium, cerium, titanium, and osmium 
I by Fan^y in the magnetic class, because certain of their compounds exhibit 
dinary magnetic relations. 

i second or Diamagnetic class includes all liquids and solids, both organic and 
nic, which do not belong to the wngjutic class. The law which governs the 


of magnets on these bodies is as follows : particle of a diamagnetic hodg 

in the neighbourhood of either pole of a rnagnet is repelled hg that po^, 
ce, a bar of any diamagnetic substance 8usp«*ndi*<i by its ct'utre midway between 


magnetic polos will point equate riallg, that is to say, at right angles to the straight 
^ne joining the two poles— that being the position in which every part of it is at the 
greatest possible distance from each of the poh's ; and if its centre be placed on either 
side of tne axial line, the whole bar will rocede from that line, placing itself at tho 
sarile time equatorially. A globe or cube does not ^mnt, but exhibits the simple phe- 
nomenon of repulsion. If two small balls of any diamagnet ic substanw be suspended 
between tho two magnetic poles, they will l>o driven towards one another, as if they 
were actuated by mutual attraction. The position which a bar of any substance takers 
up when suspended horizontally between two magnetic poles furnishes the best means 
of determining whether it belongs to tho magndic or the diamagnetic class : if it bo 
magnetic, it will place itself axially ; if diamagiu'tie, etpiatorially. 

Tho diamagnetic force cannot be perceptibly developed without the use of exceed- 
ingly powerful magnets ; electro- magnets answer the puriK^se best, but laigo perma- 
nent magnets may also bo used. The great power rtHpiirod to developo this mode of 
action accounts for its having been previoitsly overlooked by most observers. 

Bismuth appears to bo the most powerftilly diamagnetic of all substances ; then 
follows phosphorus, then antimony, then heavy glass (silico-liorato of lead). Among tho 
metals, the order of diamagnetic energy appears to be as follows: bismuth, antimony, 
zinc, tin, cadmium, sodium, mercury, lead, silver, copper, gold, ars(‘nic, uranium, rho- 
dium, iridium, tungsten. (Faraday, Experimental liesearchrs in Elrciricitg, series 
20 and 21 : Phil. Trans. 1846, 21.) 

Thallium is strongly diamagnetic, being nearly equal in that respect to bismuth. 
(Crookes.) 

Air and other gases exhibit decided magnetic and diamagnetic relations. In his 
first experiments on this subject, Faraday was led to the conclusion that gtiseous 
bodies were indifferent to magnetic action, forming the zero, or middle point, between 
the two classes of magnetic and diamagnetic Ixxlics. Ban’calari has, nowever, since 
di.scovcred that flame jxissesses diamagnetic properties; and Zantedoschi has shown 
that air and other gases likewise exhibit diamagnetic relations. Tho researches of 
these Italian philosophers have been oonfinned and extended by Faraday : the follow- 
ing are tho principal results. 

An arrangement was made by which a stream of any gas could be delivered in a 
vertical direction, either upwards or downwards, near tho middle point of the axial 
line, between two powerful magnetic poles of opposite names, but at a short distance 
on one side of that lino. By this arrangement it was found that the following gaseg 
were driven away from tho magnetic axis and passisl oflf in the equatorial direction i 
that is to say, they exhibited diamagnetic ndatioiiH with reganl to atmospheric air — 
nitrogen, hydrogen, carbonic anhydri<le, carbonic oxide, coal-gas, olefiant gas, sulphur- 
ous anhydride, hydrochloric acid, hydriodic acid, fluoride ot siliciurn, ammonia, chlo- 
rine, nitrous oxide, and the vapours of bromine and iodiin*. Nitric oxide and pernitric 
oxide were also slightly diamagnetic in air. Oxygen was strongly magnetic — that is 
to say, it was drawn towards the axis, and then along it in opposite directions towards 
the two poles, round which it a<‘cumulatKl, _ i 

The first-mentioned ga.ses evidently differed from each other in diamagnetic energy; 
but it was found impossible by the moans above deM<Tibe(I to form anything like a pre- 
cise estimate of their relative powers. To determine this point, the magnetic poles 
were surrounded with an atmosphere of one gas, while the other gas was directed in a 
vertical stream, either upwards or downwanls, near the axial line as before. By this 
method it was found that {V) In carbonic anhydride, air and oxygen passed axially; 
nitrogen, hydrogen, ooal-gas, olefiant gas, liydrochloric acid, and ammonia, eauatori&lly : 
so likewise did carbonic oxide and nitrous oxide, but tho action was feeble. (2) In con- 
gas, air appeared magnetic, though but slightly ; oxygen was strongly m^etic : 
nitrogfm was strongly dwmagnetic ; olefiant gas, carbonic oxide, and carbonic anhydnde, 
feebW so. (3) In hydrogen gas, air, when free from smoke, passed axially ; but 
when mixed with smoke, it was either indiflTerent or passed equatorially. Hydrogen 
gas and atmospheric air seem to be not far removed from one another in the soaU. 
Oxygen was strongly magnetic ; nitric oxide also magneiic, but in a less degree. Ni- 
trogsn was stron^y dianuignetic ; nitrous oxide, carbonic oxide, carbonic anhydride 
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1 ^ianutanetic- hydrochloric acid and chlorine slig 

axial line was deflected at right carbonic anhydride, and co 

Mon. The semo same wU ccjd A s 

Hence it appears that a heat^ g 6 drawn towards that line, 

of cold air directed downwards ^ also takes an equatorial direction 

The flame of a wax taper or f when placed a little on one si- 

nlaced in or near the middle of th . . gentle wind were blowing upon 

?"it is directed away to t^^^ *T’M“ 

•t in that diroction. When made to rise y particularly strik- 

two long tongues, directed ttinff fire to a ball of cotton soaked in ether. 

f^g wi?hthe\.rgefl,»ne produced by ho, air; 

These effects are evidently analogous to tnose ju ^ ^^me, winch are 

IreToiftlcss partly due to , d that^ bright^ 

tmTs^r^tho irs'jt^i; —cti^^ ^ • - 

the action exerted by a °Vj ^ exerted on a certain substance taken M the 

distance, as compared of estimation is to compare the P™' 

/trim rtnri son. Aiiotncr moQ ..-u rtf vnlnmo. nlaced at the 


T r«nToj'^." 

the action exerted by a °Vj ^ exerted on a certain substance taken M the 

distance, as compared ***'\‘''*‘'. *, ode of estimation is to compare the P™' 

standard of comparison. ^ he equal to the unit of volume placed at the 

of^urnbrium wW™uiider the “[i^'^h^TpMiflc magnetism of soft iron by 

Bv those methods, Plncker, vepresonti g - P^^ ^^ ^27 for specular iron ore 

100,000, has found "'‘‘j'’^Xh"1s'‘tir?owe^ number found for any of the com- 
633, for brown hicmatite 71,_ wliicn is uie 

pounds of iron, solid or liquid. . ^ piyoker for certain diamagnctu! substances 
^ The following are the "^wekhts referred to water as unit, 

at ordinary temperatures, and for eqiml weig . p , . 

rt Ti', ft nvipitp. Powers, (IrlucKcr.; 


Water 
J’hoBphorus 
Sulphide of carbon 
Hydrochloric acid 
Ether . ^ • 

Oil of turpentine 


. 100' 


. 100 

1 

1 

. 102 

. 102 

1 

. 127 

t ® 

. 123 



(Pliicker.) 
FloM'ers of sulphur 
Common salt 
Nitric acid . 
Nitrate of bismuth 
Sulphuric acid 
Mercury 


HU 

70\^ 

. 48 I 

. 34^3 
. 23 \ 


[){ different groups oi 

1 accidental, or expresses an.actual law obtained by E. Becqnerel, the 

The following table ^n as unhy and the results referred to equal volumes 
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.<jpe«i!c Maandio Pofmrt.^ (E. BecquerQ 

— 1 ii 


Solids. 


Water . 

/line 

White wax . 
Melted sulphur 
Copper (electrotype) 
Copper, pure . 

Lead, commercial 
Phos]^horu8 . 
Selenium 
Silver, pure . 

Gold (nugget) 

Gold, pure . 
Bismuth 



Liquids. 


Water . 

Alcohol. 

Ammonia 
Common salt . 
i. Chloride of magnesi 
1 Sulphide of carbon 

Sulphate of copper 

of nickel 
Ferrous sulphate 

V 

chloride 


lium 


Specific 

gravity. 


Specific 

magncllHm 

In air. 


trated) 


(concen- 


1 0000 

0-8069 

0- 8069 

1- 2084 
1-3197 
1-3197 
1-1265 
1-0827 
1-1728 
1-1923 
1-0695 
1-2767 

1-4334 


- 1-00 
-0-97 
- 1-02 
-1 13 
- 1-21 
-1-33? 
+ 0-81 
+ 2-16 
+ 18-02 
+ 21*12 
+ 9*19 
+ 36 07 

+ 66-01 
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To eompaio the xnagnetie powers of iron with water, and thence with other bodiei,>*^ 
which is somewhat £fficult, cm acootmt of the very ffreat disproportion existing 
between the two, — Becquerel made use of the concentrated solution of ferrous chloride, 
as an intermediate term of comparison. This solution, which has a speoifio magnetic 
power of 4- 658*13, that of water being —10, was introduced into a tube of thin glasf^ 
4 centimetres long, suspended between the contrary poles of two bar magnets, and its 
oscillations were compared with that of a bar of wax of the same longtli mixed with 
a known weight of soft iron filings. The numbers of oscillations made by such bars 
in a given time are independent of their bulk, and proportional to the qmuitity of 
filings contained in them. In this manner it was found that ferrous chloride expe- 
riences, for equal volumes, the same amount of action as an inert substance containing 
0*2 milligr. of iron per cubic centimetre. Now, the magnetic power of water, com- 
pared with ferrous chloride, being — *• —0*0152, will also be equal to that of an 

inert substance containing 0*0152 x 0*2 =» 0 003 milligr. of iron per cubic centimetre, 
but of contrary sign. Hence, as a cubic centimetre of iron weighs 7*758 grnis., the 
magnetic powers of iron, ferrous chloride, and water are, for equal volnmefi, as the num- 
bers + 1,000,000 : + 25*7 : -0*4 ; and for equal weights^ as + 1,000,000 : + 140 : —3. 

Faraday has also compared the magnetic powers of a considerable number of sub- 
stances by the method of torsion. The next table contains some of his results for 
equal volumes in vacuo, and referred to water as unity. They were all obtained at 
the temperature of 15*5^^ C. (60<^ F.), and for gases under the pressure of 0*76 metre. 

8peci/ic Magnetic Powers. (Faraday.) 


Substances. 

Magnetic 

|K)wer8. 

.Substances. 

Magnplic 

|K>w(;rs. 

Substances. 

Magnetic 

powers. 

Proto-ammoni- ) 


Cyanogen . 

-0*009 

Ammonia (liquid) 

-1*010 

uret of copper J 


Glass 

-0*188 

Sulphide of car-> 

—Him 

Por-ammoniuret ( 


Zinc, pure 

-0-772 

bon . i 


of copper ) 

4 1*24U 

Ether 

-8*797 

Nitrate of potas-J 

— 1*036 

Oxygen 

+ 0*181 

Alcohol (abs.) . 

-0*815 

slum (sat.) J 


Air . 

4 0*035 

Oil of lemons . 

-0*828 

Sulphuric acid 

-1*081 

Olefiant gas 

4 0*006 

Camphor . 

-0 855 

Sulphur 

-1*221 

Nitrogen 

4 0*003 

Caraphine . 

-0*859 

Chloride of ar- f 

— 1 '200 

Carbonic anhy- / 


Linseed oil 

-0*880 

sonic . ( 


drido . . 5 

0*000 

Olivo oil . 

-0*880 

Borate of lead / 

1 til 1 0 

Hydrogen . 

-0*001 

Wax. 

-0*887 

(melted) ) 

— 1 410 

Ammonia gas 

-0 005 i 

Nitric acid 

-0*911 

Bismuth 

-20*369 


A comparison of the specific magnetic powers of dilferent elementary bodies shows 
that, in many instances, the most magnetic are those which have the smallest atomic 
volume (i. 442), or those whose atoms are the closest together ; and that diamagnetic 
Ixidies, on the other hand, are those whose atoms hav<; th(< largest spaces between tlu*m. 
Thus bismuth, the most diamagnetic of all bodies, has also a high atomic volume (21*2); 
wherejis iron, nickel, and cobalt have very low atomic volumes, via. about 3*5. But 
on the other hand, copper and zinc, which have also small atomic volumes, viz. 3*6 
and 4*6 respectively, are slightly diamagnetic; and sodium and potassium, whose atomic 
volumes are larger than those of any other metals (sodium 23*7, potassium 46*6), 
are, according to Lamy, slightly magnetic. The relative distances between the atoms 
is, therefore, not the only, and perhaps not the principal, cause which deten^iines tho 
difference between magnetic and diamagnetic bodies. 

No definite relation has yet been discovered l>etwoen the magnetic or diamagnetic 
powers of compounds and those of their elements. It is known, however, that the 
compounds of iron are for the most part magnetic ; but exceptions occur even among 
these, the ferrocyanide and ferricyanide of potassium, for example, being diamagnetic. 
The magnetic relations of atoms are, tlierefore, dependent to a certain extent on their 
state of combination. 

The magnetic and diamagnetic powers of mixtures are, according to Matteucci, 
sensibly equal to the sum [? the mean] of those of their components. 

Specific Magnetism of Oxygen and Air. — Matteucci has compared the magnetic 
power of oxygen with that of iron by the following method, which serves also to show^ in 
a striking manner, that oxygen is magnetic :~-A large bubble of oxygen is introdo^ 
intoa tube filled with alcohol, and the tube is placed transversely between the beini- 
spherioil polar extremifies of a very strong electro-nii^nct. If tlje bubble is placed 
tangentially to the polar line, it elongates towm-ds this line; and if its centre is over tho 
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palaf line, it abortens. If the alcohol ia^'satamtid intk protoQb}oride of iron, the 
bubble in the latter position splits into two, which move away from one another. By 
ascertaining by trial the proportion of ferrous chloride, for which the bubble experiences 
no perceptible change of form, a solution will be obtained, having the same magnetic 
power as oxygen gas. By this method Matteum found that oxygen has the same 
magnetic power as an alcoholic solution of ferrous chloride containing three milli- 




grammes of iron in a cubic centimetre. 

E. Becquerel has made numerous experiments for the purpose of measuring the 
magnetic power of oxygen as compared with water, and thence with iron. A small 
tube of glass filled with wax was suspended from a torsion apparatus, and the effects 
produced upon it by an electro-magnet in a vacuum, in oxygen and water, were com- 
pared. These actions, at the temperature of 12°, were, in oxygen under a pressui^ of 
0*76 mot, Vo = — 0 2G76; in a vacuum, V® = —01145; and in water, Vto -= 
+ 0-7033. Hence Vo - V*, = +0-1530: V«, - V, = -0-8178; and ^ths 
magnetism of compared with water in t;a6’Mo, is 0-1530 : 0-8178 == 0 1871. 

Hence, for equal volumes, the magnetic power of oxygen is nearly i of that of water, 
but of contrary sign. For air the same method gives the number 0-03771 : hence, <is 
the magnetic power of oxygon multiplied by 0-21 is 0-392, it follows that the magnetic 
power of the air is due to the oxygen contained in it. These results are nearly the 
same as those obtained by Faraday ^p. 773) and Matteucci ; and Becquerel has further 
confirmed them by Pliicker’s methoa. Lastly, he has shown that the magnetic jwwer 
of oxygen is proportional to its pressure— a result probably true also for other gases. 

Taking the magnetic power of iron as the standard, and calling it 1,000,000, wo 
find that, for equM weights, the magnetic power of oxygen is 377, and that of air 88. 
Oxygen, weight for weight, has three times the magnetic power of ferrous chloride, 
whum is the most magnetic of all liquids. Hence a cubic metre of oxygen gas would 
act on a' magnetic needle with the force of 54 centigrammes of iron, and a cubic metre 
of air with the force of 11 centigrammes of iron. The whole atmosphere is consequently 
equal in magnetic power to a shell of iron covering the whole earth to the thickness of 
0*1 millimeti-e. It is easy to conceive that such a magnetic envelope, in a state of 
constant agitation, is capable of disturbing the magnetic needle ; and as its magnetic 
power varies with its temperature (see below), the heating which it undergo(^s at 
different hours of the day may contribute to produce the diurnal variations (p. 782). 


Influence of Temperature on Magnetism and Diamagnetism . — The effect of heat on 
the magnetic power of iron and steel has already been mentioned (p. 767). It was 
formerly supposed that iron at a white heat becomes totally unsusceptible of magnetic 
infiuence. Farjulay has, however, shown that, though the susceptibility of magnetic 
bodies properly so called is rapidly diminished by heat, it is never compktely 
destroyed, but is still perceptible at the highest temperatures, provided that electro- 
magnets of great power are employed to develope it These results have been con- 
firmed by Pliicker, who has shown that the specific diamagnetism and magnetism of 
solids and liquids diminish, for the most part, as their temperature is raised, but that 
there are some exceptions to the rule. Mercury, for example, exhibits no change of 
diamagnetic power at 300° ; neither do sulphur and stearin, even when heated above 
their melting points. Brunner has shown that water in the state of ice and of vapour 
has the same specific magnetism as in the liquid state. 

According to Matteucci (Bibl. Univ. de G^n^ve [Arch, des Sc. xxiii.J, 24), the 
magnetism of iron increases up to a certain temperature, then decreases rapidly. The 
diamagnetic power of bismuth diminishes between 0° and 212° C.^ nearly in proportion 
to the increase of temperature, and vanisheAjUtogether at the melting point. Non- 
metallic bodies, on the contrary, such as sulphur and phosphorus, scarcely suffer any 
diminution of diamagnetic power in consequence of change of state. 

A globule of iron melt^ in a lime-spoon by the oxy-hydrogen blowpipe was still 
attracted by the magnet ; but to exhibit the attraction, a very large electro-magnet was 
required, charged with 30 Grove’s cells. Matteucci estimates the magnetic jwwer of 
melted iron at only 0 000015 of its power at common temperatures : hence it is not 
surprising that iron at a white heat should have been found insensible to the attractive 
power of ordinary magnets. Copper, standard gold, zinc, porcelain, and certain kinds 
of charcoal, which according to Matteucci are magnetic at common temperatures, become 
diama^etic when heated. Platinum remains magnetic in the state of fusion, its power 
appeanng scarcely to have suffered any diminution. 

Heat appears also to diminish the magnetic power of gases : thusFarad^ found that 
heated air is repelled by the magnet when surrounded by cold air (p. 771). E. Becquerel, 
however, concludes from his experiments on oxygen, that heat does not act direcUy in 
diminishing the magnetic power of gases, the duration observed being solely due to 
change of density. 
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on Magntium and DiammuHtm 

— Faradny (Aservad that the poeitioo asenmed by a bar of bismuth under the 
of magnotic ibrce^ is anectod in a remarkable manner by its crystallino structure ; and 
that when a cubic costal of the metal is suspended, between the poles of an electro- 
magnet, a certain line, perpendicular to the principal clcavagt‘- plane of the oystal 
(caOed by Fwaday the mcigne-crystallic axis), tends to place itself axially betweed the 
poles, and in other parts of the field, tangentially to the magnetic curve passing through 
the point where the crystal is situated. Plucker also remarketl that a plate of tour- 
maline cut parallel to its axis, and suspended between the poles of an elcK^tro-miurnot 


that the axis is repelled by the nnignetic poles, and that the repulsion thus exerted is 
luormpowerful than the attraction due to the magnetic properties of the mass. Calc- 
spor, on the contrary, which is diamagnetic, places itself with its principal crystal- 
lop^phic axis in the line between the miignetic poles : similar results are obtained 
with heavy spar and dioptase, which are magnetic. 

These phenomena have been reduced to a general law by the researches of Ty n dall 
and Knoblauch (Anu. Ch. Phys. [3) xxxv. 376; xxxvii. 76), who have shown that 
when the particles of a body are more closely packed in one dirwtion than in others, 
this direction— other circumstances being the same— is the one on which the forces 
acting uiwn the body are exerted with the grtjatest ein*rgy, and (X)nsequontly this 
line of direction places itself axially or equatorially between the polos of a iimgnet 
according as the V>ody is magnetic or diamagnetic. Thu.s a cylinder of carbonate of iron 
made into a paste with gum, places itself axially, if of uniform density in all directions ; 
but if the paste be strongly pressed between Iwanls into a thin cake, a bar or needle 
fornu*d out of it will place itself (Hjuatorially between the poles, even if its Itmgih bo 
ten times as great as its breadth. Conversely, a bar formed of a paste of bismuth 
filings and gum, which places itself equatorially if of uniform density, will assumo 
the axial position if the paste bo compressed transversely to the length of the bur. 

The efifects observed in crystals of bismuth and other substances are of the same 
nature. That the molecular structure of crystals is not the same in all directions, is 
evident from their optical relations, their rates of expansion, and their heat-conducting 
jMJwers; aud the direction in which they place themselves under the infiuence of a magnet 
i.s determined by their relative densities in dififerent directions, in the same manner a» 
in the artificial structures above mentioned. 

It is not, however, the direction of the axis of a crystal that ultimately determines 
the position which it assumes under the infiuence of a magnet, so much as that of the 
j)lane8 of cleavage, these planes tuki^ the axial direction when the crystal is magnetic, 
and the equatorial if it is diamagnetic. 

Thus, if two cubes be formed of the same dimensions, one from a crystal of beryl, 
the other from scapolito, both of which are magnetic, the funner will place itself with 
its principal axis equatorially between the magnetic poles, the latter axially, because 
in beryl the cleavage-planes are perpendicular to the axis, whereas in scapolite tlioy 
ure pa^lel to it. Conversely, a cube of nitre, which is diamagnetic, places itself with 
the principal axis equatorial, whereas a cube of topaz, also diamagnetic, takes up the 
contrary position ; because the cleavage-planes of nitre are parallel, and those of topaz 
are perpendicular, to the principal axis of the crystal. In all cases, the cleavage-planes 
place themselves axially or equatorially, aecoraing as the crystal is magnotic or dia- 
magnetic. The maimer in which this result is produced will be easily understood if 
We remember that a crystal may be regarded as an aggregate of very thin plates laid 
parallel to each other, but not in absolute contact. It is easy, indeed, to imitate the 
uwangement artificially. Thus, if a number of strips of emery-paper, an inch long and 
tt quarter of an inch wide, be gummed together one upon the other, so as to form a 
rectangular bar, this bar will place itself axially between the polos of a magnet (the 
emery being magnetic) ; in fact, it represents a magnetic crystal having its cleavage 
planes parallel to the axis. But if another bar be formed, also an inch long, of square 
pieces of emeiy-paper, a quarter of an inch broad, having their surfaces transverse to 
Its length, it place itself equatorially, because, in that position, the layers of 
magnetic substance will take up the axial position. If the mper be covered with a 
paste of bismuth powder instead of emery, the effects will be exactly opposite. — 
'I'roiU ^EU^riciUf par A« De la Rive (i. 616—629). 

Btamagnatlo Volaritjr. Soon after the discovery of diamagnetism, the question 
was raised, whether diamagnetic bodies possess opposite poles analogous to mbse of 
magnetic b^ee. Faraday, firom his earlier experiments, concluded that such was not 
t he case, but ^t every part of a diamagnetic body was equally repelled by either 
pole of a magoeU On the other hand, Reich (Ann. Ch. Fhvs, [3] xxxvi. 127) found 
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J I- .».w ..,.r,«ni!ad ball of bismntli, thougE Mpelled by eiflier pd* oj » 
that a very dehcately » p them separately, remained at rest when siu. 

horse shoe maCTet, 'whe p concluded that the resultant eiict 

pended not to the sum. but to the diffet 

i'V- 727- cnee of their Ttion,>st as would be the ^e wi^* f 

^ actions exerted by the two poles on a b^ of iron, and f^t the 

/''O^N fi«t effect of the magnet on the bismuth is to develops in it a cer- 
flTn faritfrence results the repulsion. The question wm like- 
/~Y wise examined by Weber and Poggendorfl; I’*»cker, H. C. Oersted, 

I ° and Matteucci, hut without decisive results, and Ae question as to 

^ the existence of diamagnetic polarity remained doubtful till it was 

taken up by Tyndall (Phil. Trans., 1855 and 1856),who by means 
*V of an apparatus suggested by Weber, hM completely established the 

;vty existence of polarity in diamagnetic bodies. • 

1: ^ ; This apparatus, represented in 727, consists of two equal Terti- 

11 Ji cal helices, A A, }ih\ having an internal diameter of two centimetres, 

*rrf M*' anti coiled round copper tubes, which project above them at t, t'; 

i these two helices convey the same electric current, but in contrary 

I I directions. They are fixed to a stout board suspended against a 

i I waU, and within them are suspended two small diamagnetic^bare, IJ, 

I ; attached to an endless cord passing round the pulleys .P,P. An 

AiPSUli astatic needle, sn, represented in projection at NS, NS, is sus- 

ponded on a level with the middle of the helices A, A, by silk cords 
atUiched to the centre of a torsion-circle, r. This circle is capable 
I i' of turning independently of the screw v, the nut of which is em- 

i M bedded in a copper cross-piece fixed to the extremities of the copper 

i tubes t, t\ The magnets NS, N'S' are enclosed in a copper box, «, to 

I i diminish the amplit ude of the oscillations ; they are joined by a brass 

; j rod, on which they can be made to approach one another more or less. 

h I j U The deflections" of the astatic needle are observed by reflection in a 

minor //f, M, and measured by the reflection of a horizontal scale 
\ / placed at a distance, as in Gauss’s magnetometers. On transmitting 

) K ^ I a voltaic current from one or two Grove’s cells through the two 

/ I ^ Jp \ coils in opposite directions, the bismuth bars within them become 

) I diamagnetised ; and by carefully raising or lowering the astatic bars 

"~y NS, S'N', a position may be found in which the magnets become in- 

/V ® different to the action of the current. If, whilst the apparatus is 

h thus arranged, the wheel P be turned to the right, the bismuth bars 

L . will bo brought into the position represented in the figure, and the 

astatic needle will be deflected. This effect is clearly due to the de- 
volopmeiit of polarity in the bismuth bars : for, in (^nsequenco of 
^ the op|x)8ite direction of the currents on the two helices, the lower 

end of one bismuth bar will, if polar, bo in the same condition as the upper end of the 
other, and each will therefore attract one particular end, say the north, of each magnet 
composing the astatic combination, and repel the south end : both bars therefore tend 
to deflect both magnets in the same direction ; on turning the wheel to the left, so 
as to bring the bismuth bars into the opposite position, the needles will be equally 
deflected in the contrary direction. " , . • i i. 

These effects are most marked with bodies like bismuth and antimony, which have 
the greatest diamagnetic energy ; but they^jire also distinctly sho^, even in non-con- 
ducting bodies — such as heavy glass, phospndrus, sulphur, sulphide of carbon, &Q. 

If the deviation produced by solid bismuth be represented by 76 divisions of the 
scale employed, the following table will represent the action, found by Tyndall, of the 
other homes enumerated in it: 


Bismuth, solid 

„ powdered 
Antimony 
Sulphide of carbon 
White marble 


Heavy glass . 
Phosphorus . 
Distilled water 
Calcspar 
Nitre . 


When ma^etic substances, such as iron in bars or in filings, sulphate, carbonate, w 
chloride of iron, slate, solutions of salts of iron, nickel, or cobalt, are rabstituted for the 
diamagnetic bare, the astatic needles are deflected in the contrary direction to that in < 
which, under the same circumstances, they would be deflected by diamagnetic bodies. 

Tlieorj of Hlamagnetlam* The phenomena of diamagnetism naturally sugg^ 
the inquiry, whether the repulsion exert^ by a magnetic pole on diamagnecic bodies 
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ii a lom dialittet from that of magnetism, 'as exerted upon iron and other bo^es of the 
magnetio class ; or whether, on the other hand, the magnetic and diamagnetic oondi- 
tiofns of matter are merely relative, so that all bodies are magnetic in different degrees, 
and the apparent repulsion of a diamagnetic body, such as bismuth, is merely the lesult 
of Its being attracted by the magnet less than the particles of the surrounding medium, 
just as a balloon recedes from the earth, because its weight is less than that of an equal 
bulk of the surrounding air. It is ♦‘iasy to show that the same body may appear mag* 
netic or ^magnetic, according to the medium in which it is plactnl. Pruiosulphate 
of iron is a magnetic substance, and water is diaimignetic : hence it is iwssibfo, by 
varying the strength of an aqueous solution of this salt, to make it either magnetic, 
indifferent, or diamagnetic, when suspended in air. Again, a tube containing a solution 
of protosulphate of iron suspended horizontally within a jar, also tilled with a solution 
of the same salt, and place<l between the poles of two powerful oIectro>iiiagnets, will 
pl^e itself axially or oquatorially, according as the solution contained in it is stronger 
or weaker than that in the jar. In the same manner, then, we may conceive that 
bismuth places itself oquatorially between two magnetic poles, because it is loss mag- 
netic than the surrounding air. But the diamagnetism of bismuth and other bodies 
of the same class shows itself in a vacuum as well as in air; hence, if diamagnetism 
is not to be regarded as a distinct force, avc mu.st suppose that the dher is also 
magnetic, and occupies in the magnetic scale the place intermediate between magnetic 
and diamagnetic bi^ies. 

That a body suspended in a medium of greater magnetic susceptibility than itself, 
will recede from a magnetic polo in its neighbourhood, in eonsoquonco of the greater 
force with which the particles of the nuHlium are impelled towanls the magnet, is so 
obvious a consequence of mechanical laws, that we can scarcely avoid attributing the 
movements of diamagnetic bodies to the cause just mentioned, at least, when the b^y 
is suspended in air or other magnetic gas. There is, however, some difficulty in 
reconciling the phenomena exhibited by comprossod and eryslallised bodies (p. 774) 
with this view. Tyndall mme time ago (Phil. Mag. [1] ix. 205) obiectoil 
to it, that the intensity of diamagnetism as well as that of magnetism is in- 
(Tea8<Kl by compression; whereas, if the repiiLsion of a diamagnetic body were merely 
the result of the greater attraction ex<Tted upon tlu^ particles of the surrounding 
medium, it ought U) be weakest in that direction in which tlie body is most compresswh 
inasmuch as the compression must increase the total amount of attraction exerted on 
the particles of the body in that direction, but cannot in any way affect that which is 
exerted on the surrounding medium, Williamson (Proc. Koy. Soc. vii. 30G) has, 
however, pointed out that, in considering this question, it is necessary also to take 
account of the attraction exert e<i on the magnetic medium (or (thcr) interposed between 
the particles of the magnetic or diamagnetic body. When a cube of carbonate of iron 
is compressed, the ponderable particles being more magnetic than the medium which 
they dispUce, the force with which the body is attracted is increaswl pro|K)rtionalIy 
to this excess. If it becomes more magnetic by compression, wo must conclude that 
the loss of magn^<tic medium from its interstices is more than supplied by the mag- 
netic matter which takes its place. Carbonate of calcium, on the other hand, is less 
magnetic than the quantity of medium which its particles displace ; and when fheso 
particles are brought closer together by pressure, the mass becomes more diamagnetic, 
because a certain quantity of the magnetic medium is thus n^placed by tho less mag- 
netic matter. In both b^ies, so long as they ret^iin their original crystalline forms, 
tho optic axis is the direction in which the function of the ponderable* jiarticles predo- 
minates most strongly over that of the medium ; so that in tho iron-salt it is tho 
strongest, and in the calcium-salt the feeblest magnetic direction of the crystal. On 
the other hand, Hirst (Proc. Koy. Soc. vii. 118) suggchts that, in estirqating tho 
resultant action of a magnet on the particles of a body and tho magnetic medium 
enclosed between thorn, account must be tak< n of the relative intensities of the action 
exerted on the medium in different directions: and he endeavours to show, by aprocesfi' 
of reasoning for which we must refer to the paper alcove queu'd, that, in two out of 
three possime cases, viz. (1), when the attraction of the magnet on the interposed 
medium is equal in all directions with regard to the line of compression, and (2) when 
it is greatest in that direction, the repulsion produced on a body whoso speciflo 
magnetic susceptibility is less than that of the medium, will be a minimum in that 
direction ; and, therefore, that in these two cases, tho objection raised by Tyndall 
Against the theory of diamagnetism under consideration is valid : but that, thirdly, 
in the somewhat improbable case in which tho action of the magnet on tine 
interposed medium is greatest in the direction at right angles to that of stronmt 
Attraction of the ponderable particles, the latter may be so far diminished, uiat 
the body may be most stron^y repelled bv a magnetic pole in the direction of 
greatast oompresaioflu ther^ore, this third case be also taken into account, Tyn- 
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daWs objection to the theory of a magnetic medium cannot be 

dociBive. ^ perfeetjj 

On the whole, then, the phenomena exhibited by compreeaed and crvatamf:^ l j. 
do not quite decide the question whether diamagnetic repulsion ia meiilvZ^ 
phenomenon, or whether it is due to the action of a specific force That 
differential can, as already observed, scarcely be doubted ; but, on the other 
existence of diamagnetic polarity shows decidedly that the effect is not whoUv dL* 
this cause ; for if it were, every part of a diamagnetfc body would be reoellJ h^ 
either pole of a magnet *^peuea uy 

It becomes necessary, therefore, to seek some further explanation of the phenomena nf 
diamagnetism ; and the following theory has been proposed by We b e r and I) e L a E i ve 
We must suppose, in the first place, that each molecule of a body possesses a natural 
polarity, by virtue of which, negative electricity toncfs to accumulateat a certain point 
c, ot Its surface 728), and positive electricity at the opposite point, h. JOhis 
molecule is isolated and a good conductor, the two electricities will recombine alone 
Its surface, forming currents contrary to those which ore continually being produced in its 


Fi^. 729. 




interior to re-establish the polar tension ; and the actions which these currents would tend 
to produce on any external point, destroy one another. If now the molecule be sup- 
posed to make one of a group, all the atoms of this group will act upon each other so 
as to bnng their contrary j)oles towards one another, as in 729, and the opposite 
el.^ctricities, iiistead of recombining on the surface of each molecule, will form inter- 
molecular discharges, and, consequently, a current in the direction of the external arrows. 

J liese currents, existing in all the molecular groups, are in fact those which are 
assumed to exist in Amp6re’s theory (p. 769): in unmagnetised iron, they run in all 
directions, and the effect of magnetisation is to reduce them to parallelism. Now 
these currents cannot pjiss between the molecules composing the group unless these 
molecules are sufficiently close together; and, accordingly, it is found that magnetic 
bodies are, generally speaking, those whoso atomS are most closely packed; in other 
words, those which have the smallest atbmic volumes (p. 773). Moreover heat which 
increases the distance between the atoms, dimimshes the magnetic power of a body, and 
may even destroy it altogether. Diamagnetic b^ies, on the contraiy, having, generally 

speaking, a large atomic volume, — that is to say, their atoms being very wide apart, 

those atoms cannot discharge their opposite electricities one to another, but are in the 
state of the isolated atom (Jip. 728). If. however, these independently polarised atoms 
are brought near an electric current, or the system of currents constituting a magnet the 
atoms are brought, by the polarised molecules of the current, into such a position that the 
contrary poles of the two systems are brought face to face, as in the formation of induced 
currents 447, vol. li. p. 454). Consequently, these atoms will place themselves in 
their own group, in the same manner as those in yip. 729 ; and if the action is soffi- 
ciently powerful, the polarity of the atoms of the molecular group will be increased by 
their mutual influence, to such an extent, that dischaig^es will take place between them 
producing a current in the opposite direction to that of the magnet, in consequence of , I 
which the body wiU be repelled from the magnet. According to this theo^/then, the dJ 

chief difference between magnetic and diamagnetic bodies consists in this — that in the ^ 

former the currents pre-exist round the molecular groups, and merely require to be 
brought to paraUelism by magnetisation; whereas in the latter, they are brought into 
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existence only under the influence of powerful currents^ capable of bringing the atome 
into the necessary arrangement. 

There are, however, considerable difficulties in the reception of this theory. In tho 
first place, the diamagnetic powers of bodies are by no means projwrtioual to their 
atomic volumes. Potassium and sodium, which have much greater atomic volume.s 
than bismuth, are slightly magnetic ; whereas zinc and copper, whose atomic volumes arc 
very small, are slightly diamagnetic. With reganl to these two latter metals, Do la Ri vo 
observes that they are very good conductors, and, therefore, tliat the reco!nf> 08 itiou of 
the opposite electricities may take place along the surface of each, in spite of their 
close proximity : and in support of this explanation he remarks, that on combining copper 
with chlorine and oxygen, which diminish its conductivity, it becomes magnetic. Hut 
this mode of explanation will not account for the magnetism of potassium and sodium, 
whiqli are intermediate in conductivity between iron and copper. Moreover, it is 
difficult to see how, according to this th«‘ory, the diamagiu'tism of a body should he 
increasiKl by compression. On the whole, it must be admit t(‘il that wo are still very far 
from a satisfactory theory of diamagnetism. 

MAOSfBTXSM:, TBRHBSTRlAXi. Tlie magnc'tic action of the earth has been 
spoken of in a general way in tln^ preceding article: we shall here examine it more 
particularly. A magnetic needle suspended by its centre' of gravity in sucli a rnannt*r 
that it can move freely in all directions, and place<l beyond the iidlnence of other 
magnets and masses of iron, places itself: 1. At a particular angle with the gco- 
grjiphi cal meridian of the place*: this is calhal the de*cli nat ion. — 2. At a particubir 
angle to the horizon, called the inclination or dip of tlu* ne(*<ll»\ 

1. Declination — called tlie Variation of the CoiH})(Ois.—-’V\\o angle whieli the 
magnetic needle makes with tho north and south line, or witli the geograpliieal meridian, 
is most conveniently observed w'ith a needle whose movements an* restricted to a 
horizontal plane ; as by supporting it on a steel point by an agate cap {ftf. 71H), or on a 
stirrup of paper or copper suspended by a thread of nn.spun silk. When a needle thus 
suspended is carried to different parts of the earth's surface, its direction is continually 
changing. In certain parts of the worbl, it joints exactly north and south ; in all others, 
its position of equilibrium is more or less inclined to the geographical meridian of tlio 
place. A vertical plane passing tlirough its position of t'qnilibrium is calhal tlm 
magnetic meridian of tln^ place. 

The declination varies in din'ction and in amount botli with place and with time. 
It is always spoken of with ref(*renee to the position of tin* nortli pole of the needle. 
Thus, when we say that the declination at liondon is at jiresent to the west, wo mean 
that the north pole of the needle pints west of the gcograjihieiil north. 

The points of the earth’s surface at whieh the needle points due north and south are 
situated on certain lines, called Iukh of rut decUnatuta. One ot thes** lines, whose 
direction does not deviate' much from that of a great eircb' of the glolie, may be traced 
from a certain pint north-west of Hudson’s Bay, across Canada, into the Atlantic 
Ocean, cutting the extreme east point of South Amoriea, near Cape St. Kocho, whence 
it passe.s across tho South Atlantic Ocean, and meets the meridian of London near the 
60th degree of south latitude. Another line of no dc*elination passes aeross the 
Southern Ocean at about 120° east longitude, traverses tin* w(*st ni' Australia in a 
nearly northerly direction, then passes westwards, forming a largf^ loop enclosing tlie 
islands of the Indian Archipelago and th*^ two peninsulas of India, wh<*nce it jmsses 
northwards along the west of Japan, and enters .Siberia, where it has not been further 
traced. Another branch, which is perhaps a continuation of that which traverses tho 
Indian Ocean, passes northwards aemss theWliife S<‘a. Therr; are, th«*refore, two 
systems of lines of no declination, which probably join one another in fhe plar 
regions, so as to form a single cun’e passing nmnd the globe. 

Between the American line on the west and the Asiatic lines on the east— that is to 
say, over nearly tho whole of tho Atlantic Ocean and the Old World~~thc declination 
is to the west; over the rest of the earth’s surface it is to the east ; and it diminishes 
on both sides as we a|^roach these lines. In Ix)ndon, at the. present time (1804), tho 
declination is 20° 46' W. 

Inclination or Dip , — Suppse a bar of unmagnetised steel to be susnendecl at its 
centre of gravity by a thread of unspiin silk ; it will come to rest in tfn* horizontal 
position. But if it In* magnetised, it will not only place itself in the magnetic m(Tidian, 
but will take up an inclined psition, tho north pole in these latitiub s pointing down- 
wards. The amount of the inclination or dip of the needle is best ohs. rv. d h}’ means 
of a long needle supported by its centre of gravity on a honzontnl axis {Jig. 730), so 
that its moveraenu are confined to a vertical plane. A dipping-needk thus mounted 
is represented in Jig. 730. The horizontal circle sen-es to plaee the plane ot the 
motion in the magnetic meridian, and the vertical circle to nieatun^ the dip. 
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Fig. 730. 



As the needle always tends to place itself in the magnetic meridian, it is clear that 
if the vertical plane to which its movements are confined is placed at right angles to 
the mi^netic meridian, the needle will stand vertically, 
this being the only position in which it can place itself 
in the magnetic meridian. If this jmsition be determined 
and marked on the horizontal circle, the vertical circle 
may be placed in the magnetic meridian by moving it 
round therefrom. The angle of inclination may 
then be directly observed. 

The dip, like the declination, is of different amount in 
different localities. There are two points, one in each 
hemisphere, at which the dipping-needle stands exactly 
vertical; these are called the magnetic poles oi the 
earth ; and about midway between them is a line called 
the magnetic equator, or line of no dip, at which 
it stands horizontally. The magnetic equator is a some- 
what sinuous line, not differing much from a great 
circle inclined to the geographical equator at an angle 
of 12®, and cutting it in two points near the longitudes 
10° 15. and 170° W., reckoned from the meridian of Paris. 
At all points between this line and the north magnetic 
pole, the north pole of the needle is directed dov^ii wards, 
the contrary being the case in the other magnetic herni- 
*<phere. The dip goes on increasing from the magnetic 
equator towards encli pole: in London at tlio present time it is 68° 15', reckoning 
Irom the horizontal plane. ^ 

On comparing the positions assumed by the needle at different parts of the eartli’s 
surface, it is easily seen that they may be accounted for by regarding the earth as a great 
injignet, having its poles at the points where the dipping needle stands vertically, and 
Its me(lian line coinciding with the magnetic equator. The northern terrestrial 
magnetic pole, which corresponds with the south pole of an ordinary magnet, is situated 
on the continent of North America, to the north-west of Hudson’s* Bay, and, according 
to the observations of Capt. J. C. Ro.^^s, made in 1830, in latitude 70° 5' 17" N, and 
longitude 96° 13' W. from Greenwich {Arago's Mtteorohgical Essaya, trandatld hrf 
Sabine, p. 366). The position of the southern magnetic pole has been approximately 
fixed by the observations of the same navigator, in latitude 73° S. and longitude 130 E. 
The line of no declination passes through these two points, and the lines of equal decli- 
nation converge towards them. From observations made at different points in England 
and the south of Scotland, between March 1858, and October 1860, Sabine deduces 
68 69 -2 as the dip at the mean epoch, 1st January, 1860, at a point whose latitude 
and longitude were the means of those of the stations included in the surv’ey, namely 
latitude 52° 20 longitude 1° 41' W. from Greenwich. The minimum dip was observed 
at St. Leonards (latitude 60° 51', longitude 0° 33' E.), where it was 67° 44'-5; and 
the maximum 71° 29'-5, at Jordan Hill, near Glasgow (latitude 55° 52', longitude 
4 19' W.), the direction of the inoclinaf lines, or lines of equal dip, being from 
N. 71° 22 E. to S. 71° 22' W. (Rep. Brit. A.ssoc., 1861, p. 250). 

That the earth really acts like a magnet, is further shown by tlie magnetisation ot 
masses of iron placed in or near the line of the dip. In our latitude, where the line 
of dip do«‘8 not differ greatly from the verticM, bars of iron standing constantly in the 
vortical directions, such as railings, lightngig-conductors, &c., become magmaised 
with their north poles downw^ards, just as they would be if placed above the south 
pole of a steel magnet. 

The magnetisation of the masses of iron in a ship by the earth’s action, causes a 
considerable deviation of the compass-needle from its normal position ; and as the 
dirf^tion of the magnetisation thus induced is constantly changing as the ship changes 
Its latitude, it is evident that serious irregularities in the indications of the compass 
may thence result: in short, there are several instances of shipwreck on record which 
have been clearly traced to this cause. This source of irregularity may, however, bo 
correct e<l by fixing a disc of iron, called a compensator, in such a position ^th regard to 
^e compass, that its action shall be equal and opposite to that of the whole mass of 
iron in the ship : the needle will then be free to take up its normal position under the 
infinence of the etch’s magnetism. It is, however, found ‘better in practice to place 
the compensator in such a position that it shall produce an action equal to that of 
the iron in the ship, and in the same direction, so that, when placed in position it will 
double the deviation produced by the iron in the ship: the amount of this deViaHon 
will thn.s be ascertained, and may be allowed for. This great service to navigation is 
the invention of Mr. Barlow, of Woolwich. 
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Th. nuumetic pow« of the native black oxide of iron is, douUlMB, iUm due to th« 
j-/nctiveaction of the earth, and the very different powers exhibited by diftrent 
loSena of the ore may, in part at leaat, be attributed to the different poaition of 

Se veins with regard to the line of the magnetic dip. 

1 Intensity of the Earth's Afu^nct.c /erce.- The mimetic force of the 
earrt like that of an ordinary magnet, is of different intensity in different T*'' 

!Sati’ve intensities at different places are measured by counting the number of willa- 
JTons made in a given time by a magnetic needle : for these vibrations ajs< subjwt to 
the Mime laws as th-^se of a pendulum, being isoclmuiouH when small, and the squaies 
of tho numbers of oscillations in a given time being proportional to the foi-ce which 
tAuds to bring the needle back to its position of equilibrium. , , . .1 11 

Ae oStions may be made either with the dipping or the liomontal ne.dlo. 
When a dipping-needle is disturbed from its normal iKwition of equilibrium, d is 
unre# bock to that position by the whole force of the i si th s magnetism . so >'«•, tho 
toSmsities of the terrestrial magnetic forces at any two places are devoted by I, I . and 
{rco^nding number of oscillations made in a given t line by «, « , wo have, for t he 
relation between the two forces, 

f ; JP’ = n’ : 71 

The horizontal needle, on the other hand, is urged back to its normal imsition by only 
a Mrtion of tho terrestrial force, which lacomes less as the magnetic latitude t?"'*'*' ■ 
Fo^Vhe total force E acting on the neeille in the line ot the dip, may be resolved 
fnto two otheiw, one vertical, which is destroyed by the snspensioi, the ; 

tal whi(‘h is that which is effective in moving the neodh* ; and it i Ik the dip at tlie 
^tfof oWrii^lion -tois horizontal force / is equal to F eos n 

places at which the total intensities are E, E the angles ot dip ., i , and the numbers 
of oscillations n, n, we have the relation, 

^ /* ^ _ F^coh i 

n^i ~ -/■ ” F cos 

Therefore, 

F 


At the fact.' 'ar’thcsrHntH, Thfiiorizontid mmdto 

sritt’c: .01.. ki-.- - 

referred, as in the following table. 


Locality. 


St Anthony 
Carthagena 
New York 
Naples . 
Lyons 
Paris 


Date. 

LaOtudo. 

Magnetic 

iiitciiiiity 

lyoralily. 

1802 

0 «> 0 ' 

1087 

PruHKelH . 

1801 

10 25 N 

1*294 

Brrlin 

1822 

40 43 

1 * 803 ? 

Christiunia 

1805 

40 50 

1*274 i 

PeferKburg 

1805 

45 46 

1*333 j 

Baffin’.*’ Bay . 

1800 

48 62 

1*348 i 

Spitzbergen 


Date. 

Latlttide. 

Maffnetlc 

hiU'iikity. 

1829 

50 '^ 62 'N 

1*374 

1829 

52 51 

1*360 

1820 

59 55 

1*419 

1828 

59 66 

1*410 

1818 

62 43 

1 590 

1823 

79 40 

1*507 




i: a--. ^ 


been a^pt^ corresponding 
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The magnetic intensity on this scale at London is at present 10'29; that is to say it 
a force capable of generating in one second, in a mas.s of one grain, a velocity of 10*29 
expressed in absolute units, has been observed to vary 
at different parts of the earth’s surface from about 6*4 to 15*8. (Sabine, Adma^L 

Manml of Scientific iTtquiry \ ' 

The mean amount of the total force in England, deduced by Sabine from the magnetic 
^P* January 1860, is 10*332, the mi^mum 

10-225, having been observed at St. Leonard’s, and the mjiximum, 10*626, at Fern Tower 
(lat. 66® 22; lon^ 3® 50' W.). The direction of the isodynamtc lines, or lines of 
equal intensity, in England, at the above date, was from N. 57® 35'*7 E to S 67® 36'*7 W 
The isodynaraic lines differ considerably from the isoclinal lines, or lines of equai 
dip but bear considerable resemblance to the isothermal lines ; whence it appears 
m^netic intensity of the earth (like that of an ordinary maLet) 
w affect^ by heat, (hoc a chart ot these lines, see Becquerel, l-oc. cit.) Accord™ to 
Gauss, there are in each hemisphere two points of maximum magnetic intensity win- 
ciding with the points of greatest cold, but not with the magnetic poles determined by 
the dip and declination of the needle. or 


Variations of the Magnetic Elements. 

The (leclination. dip, and intensity at any point of the earth’s surface are subiect to 
eoiitimia variations, both regular and irregular; and the regular variations are of 
two kinds: secular variations, of considernble amount, and extending over long 
periods of time; and periodic variations, of small amount, and running through their 
phases at short intervals. . & b 

I aviations of the Drehnatton. — 1. SecuJar. The earliest exact observations of the 
magnetic decimation were made at London in 1576. and at Paris in 1580. At London 
in 1676, It was 11® 15' to the ea.st ; from that time it diminished till 1657-1662 when 
it was nothing, the needle then pointing <lue north and south; it then became westerly 
attaining its maximum of 24® 36' in 1800. In 1831 it had diminished to 24® 0' and 
It IS now (in 1864) 20® 45' W. At Paris it was 11® 30' E. in 1580, 0 in 1663 attained its 
maximum of 22® 34' W. in 1814, and luwl diminished to 20® 25' W. in 1851. At the 
Capo of Good Hope, the declination in 1605 was 0® 30' E., became nothing between 
IfjOt) and 1609, then westerly, attaining its maximum of 25® 40' W. about 1791 In 
all cases the declination given for each year is the mean of those obtained for each day 
and for each month, so as to eliminate the diurnal and annual variations. 

2, Annual.^'lho. declination of the needle is subject to small annual variations 
^hich were discovered by Cassini in 1780. At Paris and London, it is greatest about 
the vernal equinox, diminishes from that time to the summer solstice, and inen-Asea 
^ain ‘i^iring the nine following months. The annual variation does not exceed from 
1<) to 18 . It IS also different in amount at different epochs. At London, from 1818 
to 1820, it was reduced almo.st to nothing; at which time, also, the secular variation 
was extremely slow, being near its maximum. 

3. Biumal. — The diunial variations of the declination were discovered by Gra h a m 
in 1722. In Europe, the north pole of the needle begins to move M'estward at sunrise 
and continues moving in the same direction till an hour or two after noon ; after which 
it returns and regains its original position at about 10 p.m., at whicli it remains all 
night. It appears, then, that the westerly declination is greatest during the warmest 
part of the day. The amplitude of these movements is very small, and differs at dif- 
ferent times of the year, being sometimes froiliJ20' to 25', at other times not exceeding 

® ‘ becomes less as wo approach fhe magnetic equator : thus, in the island 

of Rawak it never exceeds 3' or 4', 

The ^riodic variations of the declination are the result of the superposition 
of two distinct variations,— one depending on the horary position of the sun, the other 
on his distance from the equator, the latter constituting tne annual variation. 

Variations of the ZH)).— The secular variations of the magnetic dip are of smaller 
amount than those of the declination. At Paris, in 1671, when the dip was first 
observed, it was 73® O', and has since been continually diminishing; in 1851 it was 
66® 36 . In London also the dip has continually diminished since 1720 by about 2'*6 
per annum. In August, 1821, it was 70® 2'*81 ; in May, 1838, it was 69® 17'*30; in 
A^stand September, 1854, it was 68® 3r i3 ; it is now 68® 15'. 

The dip likewise exhibits annual and diurnal variations, being. acconlingtoHansteen, 
about 15’ greater in summer than in winter, and 4' or 6' greater before noon than after. 

Variations of the Intensity.— It is not yet distinctly ascertained whether the 
magnetic intensity of the earth exhibits secular variationa: indeed, the settlement of 
the question is attended with vpiy great difficulty, inasmuch as it requires that the 
needles used should prc'serve their magnetic power unaltered throughout the whole 
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e<mrBe of the observations — a condition scarcely possible to fiilfil for any great len^h 
of time. Gauss has found, indeed, by a peculiar method of obBervatiou which is inde* 
pei^ent of the force of the needles used, that the magnetic intensity at Gottingen has 
not rarie-l sensibly during several years; but the time over which those observations 
j|ai^eztended is as yet too short to warrant any general conclusion on the subject It is, 
ia^ver, scarcely possible that the declination and dip should change at any place 
without some corresponding variation in the intensity. By absolute measurementa 
nuide monthly at Kew since April, 1857, it appears that the total force had increased 
at that place, up to March 1862, at the average mte of ()'00125 annually. 

Periodic variations of intensity art*, more etwsily observed. In studying these, it is 
usual to observe sepamtely the variations of the horizontal and vertical components of 
the magnetic force. The horizontal component exhibit>j an hourly variation, which is 
the resultant of two elementary variations — one diurnal, the other semi-diurnal. The 
amplitude of the semi-diurnal variation inereaHi‘s with the latitude, and is nothing at 
the equator. The phases tlirough which it passes d(‘p<‘nJ on the angular distance of 
the sun from the magnetic meridian. In mean latitude.s, the curve which represents 
the variation of thf^ liorizontal component is similar to that of the diurnal variation of 
the declination, but six hours behiinl it. The semi-diurnal periixl is scarcely perceptible 
at St. Helena, but increases in distinetness jit higher latitudes. 

The variations of tlie vertical comjxnient of the intensity follow the same periods us 
those of tlie horizontal components, • 

Irregular Variations nr Perturbations of the Magnetic Kiements. — The magnetic 
needle, especially the declination-ne<‘dle, freqm'utly expc rijuices accidental deviations, 
which deflect it more or less from its normal position fur various intervals of time, 
sometimes for several hours. Some of these disturbances may Vie trm*ed to known 
causes, — namely, the aurora bonalis, (>arlh<piakeM, ami volcanic eruptions. But few 
observations have V»(«en made on the pertnrViations arising fnirn tlw' two latter causes, 
which, moreover, produce sensible efrects at small distanci's only. The deviations 
arising from these irregular disturbances rarely exceed a fraction of a degnu*, and tho 
needle returns to its primitive posit ion as soon as the disturbing cause has ceased to act. 

The coincidence of the aurora borealis with c<*rtuin pert, urbat ions of the magnetic 
needle was discovered in 1710 liy Celsius and 11 iortcr. During the oecurrence of 
an aurora, the declination-needle is sefui to deviate from its normal position, evim in 
localities where the meteor itself is not visible; so that the inspection of the needle often 
HI rves to announce the, presence of an aurora, no trace of which can be directly seen. 
In our latitude, tho deviat ion does not exceed 20'; but it is greater in the Arctic regions, 
where, indeed, the plnuiomenon has been principally studiedL The culminating point of 
the auroral arch is always situated in tlie magnetic meridian of the plaee, and the 
centre of the crown to which the streams of light converge is situate*! on tho pro- 
longation of the line of the dip. .^o long as the auroral areh is stationary, the needle 
remains nearly at rest; but as soon as the arch begins to throw out streMm«>rs, the needle 
oscillates, sometimes through sev«*ral degrees. The effects iire more *leci*led in proper* 
tion to the brightaiess of the aurora. The dip and tho intensity are likewise affectod 
Ity the aurora as well as the declination. 

The estaVdishment of magnetic observatorie.s, in which the motions of tlie needle aro 
observed continuously, has led to tho discovery of perturbntions which cannot b(< attri- 
buted to any of the preceding causes. One of the most remarkabb* facts brought to 
light, by observing the movements of the p(^werful magnets with which these *‘stablish- 
nnaits are furnished, is that the magnetism of tJie <*arth is in a state of consbint fluc- 
tuation, like the waves of the sea. H«‘nce. in studying tho diurnal, annual, and secular 
variations of the declination, &e., it is necessary to take tho m<<an of a largo number 
of oViscrvations, in order to eliminate tlx* irregular disturbances and brin^^ out tho 
general laws. 

Another very remarkable phenomenon is the simultaneons occurrence of magnetic 
perturbations in very distant countries. Thus, Sabine mentions a magnetic disturbance 
which was felt .simultaneously at Toronto, the Cape, Prague, and Van Diemen s Land. 
This coincidence of magnetic perturlml ions is so exact, that it has been prows^ to 
make use of them in deb^rmining the longitude of the place of observation. Humboldt 
and Oltmann, in 1806, observed some r/^markable perturbations recurring at the samo 
hours for several successive nights. These simultaneous perturbanc«*H have received 
tlie name of magnetic storms. , tt 

There are also local js-rturbations extending to small distances only. HumboWfc 
mentions one which was observed in the .Saxon mines, V.ut was impicrceptible at Uerlm. 
Magnetic storms observwl simultanoously from Sicily to Upsala, were impcrceptiblo 
Wtween Upsala and Altona. 

IttAOWaTO-MaCTaiCXTT. The development of electricity by magnetic 
action. (See Elkctricity, ii. 4-51.) 


MAOarsVQVCaTBR. This name is specially applied^to certain 
devised by Gauss for measuring the intensity of the (garth’s macneHn 1 
JBocquerel, TraiU de rWectriciU et du JMiignetisme^^xaei yxi (8ee 

de Physique, in, 7 


BffAGirZinRf. Pavy’s name for Magnesium : it is also adopted bv Gm«i’ • , 
JiaMMh. ' >/ “eiiniahU 


MAOWOFSHlirri:. A compound of ferric oxide and magnesia, 2 M 2 O toi 
or SMgOAFe'^O^, occurring in octahedral crystals among the products of the a 
of Vesuvius in 1855. Specific gravity about 4'6. (Rammelsberir Pocr» a r,» ^ 

467; Jahresher. 1859, p. 776. ) > SS- . evn. 

MASOO.A.KT. See l/res Dieimmry 0 / Arts, ^c. in. 16. 

MAXZJB. Zea 3fa'is.~T\ie composition of the grain of this plant and of its ash is 
given in the article Cereals (i. 825, 827). See also ZEm. On the germination of mmze 
see V. Planta (Jahresher. 1860, p. 523). On the growth of maize in aqueous solu- 
tions of its constituents, see Stohmann (ibid. 1861, p. 734). 
nf AJOBAHTA. See Marjoram. 

MAXWAH BVTTSB. Syn. with Galam Butter (ii. 758). 

2ISAXACBZTB. Native carbonate of copper. (See Carbonates, 1 . 783.) 

♦ ItZAIiACOlXTB, also called Sahlite, Pyrgoni, Fassaite. — A variety of augite^ 
consisting of silicate of calcium and magnesium', with more or less iron (ferrosum), a 
small portion of the bases being frequently also replaced by water. 

MA^ACOBB. A mineral having the form of zircon, and nearly related to it in 
composition. Hardness = 6 5. Specific gravity = 3 9 to 4 05. Brown and vitreous 
to subresinous ; powder reddish brown or uncoloured. 

Analyses. ^a. From Hitteroe,Norway,by Scheerer (Pogg. Ann.lxii.436). h. From 

the Ilmengebirg, by Hermann (J. pr. Chein. liii. 323).~c. From Chanteloube, Haute 
Vienne, by Dam our (Rammelsherg' s Mineral che mi e, p. 891): 


a. 

SIO« 

31'31 

Zr02 

63-40 

0-41 

Mn^O’ 

b. 

31-87 

59-32 

3-11 

1-20 

c. 

31-05 

61-44 

3-29 

0-14 


YO 

CaO 

MgO 

H»0 

0-34 

0-39 

Oil 

3 03 = 98-99 




4 00 = 99-60 


008 


3-09 = 99-09 


These analyses lead to the formula 3(Zr02 Si02).IP0 or a/rSiOlH^O, which 
requires 32 60 per cent. SiO*, 64'22 ZrO* and 318 water. 

MAZ.AmZC ACZB.l « at a 

MAXiAMZBB. 1 Malic acid, Amides of. 

MAXiAMTXiZC ACZD. Syn. with Amyt.-malic acid. (See Malic ethers.) 

MAXiABZZi. Syn. with Phentl-malimide. 

MAZiASrZZiZC ACZSi. Syn. with Phenyl-malamic acid. 

MAZiABZXiZl>B. Syn. with Phknyl-malamidb. 

MAZ.IIZC ACZB. C-H<0‘= TyromaUc acid. Pyrosorhic acid. 

(I.HS8aignp, Ann. Ch. Phys. [2] xi. 93.— Pelonzp, ibid. Iri. 72.— Liebig, Ann. Ch 
PhHrm. XI. 276.— Buchner, (Ajrf. xlix. 67.— Kel^ulA, Ann. Ch. Pbarm. Suppl i 129- 
11 . 85; Jahresher. 1861, p. 364 ; 1862, pp. 308, 319. -Om. viii. 151.)— An acid iaomeric 
With fuinaric acid, and differing from malic .vid (C’H^O') by 1 at. water. It is pro- 
duced, together with fumaric acid, by the dry ^TfStillation of malic acid. It has not yet 
been found ready formed in any plant. Equisetic acid, obtained from Eqtifsetum Jluvia- 
tile, was for some time regarded, on the authority of Kegnault, as identical with maleic 
acid ; but Baup has shown that it is really identical with aconitic acid (C«H*0«). 

To prepare maleic acid, malic acid is heated in a capacious retort, of which it fills 
about a fourth, the distillation being pushed on rnpidly. Water then passes over first ; 
a^erwurds, white vapours of maleic acid, which condense in the water. As soon as 
the residue in the retort thickens, the fire must be withdrawn ; the distillation then 
goes on of itself for some time, till a solid residue is left in the retort, consisting of 
fumanc acid. An additional quantity of maleic acid may be obtained by distilling 
this residue at a higher temperature ; but the product is then coloured and difficult to 
purify. By evaporating the distillate at a gentle beat, the maleic acid is obtained in 
crystals. 

Maleic acid crystallises in oblique, rhomlwidal prisms, generally having their summits, 
modified with octahedral faces. It is colourless and incSorous ; its taste, sonr at first, 
s^n excitw a veiy unpleasant sensation of nausea. It is very soluble in water and in 
alcohol; di8soIve.s also in ether. The aqueous solution reddens litmus strongly ; when 


ACID. 

left to itself in an o|>en it creeps np tlie sides and effloresces in tons Ulm 

cauliflower heads. 

The crystals melt a|j}»nt 180®, and the liquid acid bemns to boil at about 160®, being 
then resolved into i^Sr and maleic anhydride, If the acid, instead <rf 

being rapidly heah^ to 160®, bja boiled in a very long and narrow tube, so that the 
water which eseaps is obliged lo fall back upon it, the mjiloic acid is converted into 
the isomeric body fumaric acid. The same transformation takes place on heating 
the acid in a tube sealed at both ends. .... j i j • j- 

Maleic acid is also converted into fumaric acid by heating it with concentxjited Ayrfnoatc 
or hvdrobramic acid, or by lioiling for some time with dilute nitric acid. When 
hydriodic acid is used, the fumaric acid is subsequently converted into succinic acid. 
Maleic acid in contact with water and mdium-amaUjam takes up hydrogen, and is 

converted into succinic acid : 

• + IP - c«n'*o^ 


M.ileic 

acid. 


Succinic 

acid. 


The same transformation takes place when maleate of calcium i.s fermented in con- 
tact with cheese. (Dessaignes.) 

In contact with water and nudeie acid is converted into dib romoHUCC|nio 
acid, C*H*Br*Ol and another more soluble acid of the same eonqiositioii, chUihI iso- 
dibroniosuccinic acid. (Kekule.) 

Mai. KATES. —M aleic acid is dibasic, forming aeidm/ts, CaPMO\ and jtmtral gaits, 
C*H^M'*Ol The maleatos bi'ar considerable res(‘mblance to the fumarates, with which 
they are isomeric ; but they may be distinguished l.y the dilf. rcnce of .solubilitv betw(H*n 
furnaric and maleic acid: solutions of the maleates are iu)t pr-eipitated by other acids, 
whereas on adding a mineral acid to the solution of a fumarate (sufficiently concen- 
trated and not warm) a precipitate of fumaric acid is formed. . . n I 

Maleates of Ammonium.— a. The neutral ,sWMs obtained as a crystalline jolly by 
saturating the aqueous solution of the acid with aminoniii, and evaporating over lime 
in vacuo .Absolute alcohol added to the coneentrate<l aqueous solution throws down 
the salt in the form of a white crystalline powder, wliich may be dried by repiated 
washing with alcohol, and pressing between pap.T, but, when exposed to the air, 
quickly becomes glutinous and deliipiesceiit (Buchner), 'i Ins salt does not precipi- 
tate a solution of sesquichloride of iron, a character which distinguishes it from the 

corrc.spondiiig salt of aconitic acid. r ,i 

B The acid salt is obtained by exactly neutralising a known quantity of the aqueoin 
m-id Mnth ammonia, then adding an eipial quantity of the acid, and evaporating to the 
crystallisiiig point at a gentle heat. It fonns crystalline laniimf, which are permanent 
in the air, r^den litmus, and give off nothing at 100° ; their so iition evolves ammoniH 
when Iwiled • it is very easily soluble in water, but not in aleohol 

MaUatesof «. Neutral salt. CMrWOV2H^().-l . Maleic acid 

with baryta-water a pulverulent precipitate, which disappears on the addition of a small 
quantity of cold water, but reappears after awhile in shining scales (Lassaigne^). 
According to Pelouze, the precipitate is converted into the cryst alline scales, even with- 
out luldition of wator. On adding a flalnmUal solution of Imryta-walor to Ilia concon- 
tTated aoueous acid, the precipitate redissolves at first in the excess o fwn , cy u w un 
sufficient baryta-wafer has been added to neutralise the aod. the pr<T.|ntate is but 
.... i. r ; . .. I.. to a tremulous gelatinous mass, 


resembling hydrat.' of aluminium, wbicli. after being pr.'ssed, dries up to small crystal- 
line lamiii® These crystals are obtained .still more disfiiict on eva(mrati^ the 
aqueous solution (Regnault).--2. The salt is also obtaine.1 l.y a. ding car s.m te 
Urium to the hot aqiieous acid, as long as effiTV.-seence mntiniies, Uie i filtonng 1 ot 

and leaving the solution to crystallise (Biiclincr). .1. 1 le concen ra 'pjlrt 'Jrf' thn 

to aceUto of barium throws down a white crystallo graiiular, n.mtnil salt. Part of the 
salt, however, remains dissolved in the acetic acid which is set free, “"f /"‘y ^ P"^' 
pitoted by ammonia ; thU portion is also crystallo-granular, and has the same compo- 
Lion (BLhner). The salt crystallises frf,m its aqueous solution on cooling, in small 
shining needles united in stellate groups ; and the solution, when ‘ ^ 

perature below its boiling point, becomes eovmd 

The crvfltalfl after drying in the iiir, Iohc 5 62 per cent. (1 at.) waU*r at 100 (Biich 
ncrl^d 7'3 ner cent at 160® (Rfgnault). They disaolve aparingly Ju cold wiit^ 
(in 9 pU Jatc? at 20°, according to Regnault) with tolerable facibty -»»«■- 

ksilv in aqueous maleic or acetic acid, easily also m excess of baryta-water. 

B ^Jci^salt C*H*Ba"0" 5HH). — Obtaineii by Mutiirating the aqiu*<)UK acid with the 

neutni «ltT- by ^turating a known quantity «/., ^ 
bonatc of barium, and adding another equal quantity of aod 

resulting solution yieWs. after rather strong concentration, indistimt crystals, which 
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reddea give off the whole of their water of crra^^^tion (19-67 per cent.) at 

100^, and^dissolve in water, but not in alcohol 

Maleatea of Calcium. — a. The neutrai salt, accord- 

ing to Buchner, in small needlefl^enr soluble in in alcohol, by 

saturating the boiling aqueous aci^i|4th carbonat^>9|mm^^^^bpcontrating the 
flltrate^it a gentle heat. According to Pelouze, a *si^TOlilF6f ' of potassium 

mixea with concentrated aqueous chloride of calcium remains (Sear, ‘jSli after a few 
days deposits needles which are but sparingly soluble in water* By t^turating the 
boiling acid with carbonate of calcium and evaporating the ftltrate alMa gentle heat, 
small needles are obtained united in saline crusts ; they do not give off any water at 
100®; dissolve readily in water, but not in alcohol (Buchner). This salt, when fer- 
mented with casein, is converted into succinate of calcium. (Bessaig n es.) 

0. The acid salt, C'‘H“Ca' O^.SIl^O, i.s formed by dissolving the neutral salt in a 
quantity of the aqueous acid equal to that which it already contains, and concentrllting 
the solution somewhat strongly. It forms long rhombic prisms, which are permanent 
in the air, redden litmus, give off 24' 1 per cent. (J at.) of water at 100°, and dissolve 
readily in water, but not in alcohol. Oxalic acid added to the solution, throws down 
the lime. (Buchner.) 

Maleate of Cop'per, C*H*Cu*Ob — 1. On boiling carbonate of copper in the aqueous 
acid, the filtrate is found to contain in solution but a small quantity of salt, which 
crystallises out on evaporation; if the residue on the filter be freed from the carbonate 
of copper still adhering to it, by means of dilute acetic acid, which dis.solves but a 
small quantity of the maleate, the latter remains in the form of crystals, which may be 
washed with cold water.— 2. When a concentrated solution of acetJito of copper is 
mixed with an equivalent quantity of maleic acid, and evaporated at a gentle heat, 
acetic acid goes off, and maleate of copper crystallises out ; the crystals must be washed 
with cold water. The light blue crystals are but sparingly .soluble in water, even at a 
boiling heat, but dissolve readily in aqueous ammonia. (B ii e h n e r.) 

Maleate of Cnpr ammonium, — The dark blue solution of maleate of copper in 
ammonia may be evaporated, even near its boiling point, without loss of ammonia, and 
alcohol added to the concentratiHl solution precipitates the compound in the form of a 
neutral, azure-blue, crystalline powder, which gives off ammonia when heated with 
potash, and dissolves rejulily in water, but not in alcohol. (Hiichner.) 

Maleate of Iron (ferrimnn'). — Neither maleic acid nor maleate of pot^issiuin preci- 
pitates ferric acetate ; neither is ferric chloriilo precipitated by maleate of ammonium. 
A boiling solution of maleic acid di.ssolves a small quantity of ferric hydrate, forming 
a brownish solution which yields a red-brown syrup on evaporation. 

Maleate of head, 0*H*Pb 0\t3H‘*0. — 1, Fn'C maleic acid forms a precipitate 
with neutral acetate of lead (Lassaigno), but not with the nitrate (Bracoiinot) ; if 
the solution is dilute, the white precipitate changes in a few minutes into shining 
micaccou.s laminae ; but if the solution is concentrated, ami the acetate of lead in 
excess, the mixture solidifies to a tremulous mass, which changes slowly— or quickly 
on the addition of water— into crystalline laminne, which with difficulty give off their 
16-0 per cent. (3 at.) water (Pelouze).— 2. Maleate of potassium added to nitrate of 
lead, throws down white flakes ; these soon change to a translucent pasty mass, and 
then, when washed upon a filter, diminish considerably in volume, and are converted 
into small pearly needles (Lassaigne). The salt di.ssolves in nitric, but not in 
acetic acid. ( B r a c o n n o t. ) 

Maleates of Magnesium, a. Neutral hU, C‘iriVIg"0* (at 100®) The aqueous 

acid saturated at the boiling heat with carbonate of magnesium, yields a liquor which 
leaves on evaporation a tumefied spongy mass perfectly soluble in water. The con- 
centrated solution of the salt yields with alcohol a bulky precipitate, which is not 
hygrometric, but gives off 27 36 per cent, water at 100®: it is very soluble in water and 
in dilute alcohol. 

0. Acid salt, C"H*Mg"0*.6H*0. — By cooling a solution of 1 at. of the neutral salt 
and 1 at. maleic acid in hot water, small transparent and colourless rhombic crystals 
are obtained, which redden litmus strongly, grate between the teeth, taste like Epsom 
salts, and dissolve readily in water, but are insoluble in alcohol. At 100° they give 
ijff 34-95 per cent, water. 

Maleate of Nickel, C'H*Ni"0*.H*0. — By boiling the aqueous acid with carbonate 
of nickel, and evaporating the dark green, slightly acid filtrate, a gummy li<|uid is 
obtained, and ultimately apple-green crystals and crystalline crusts, insoluble in 
alcohol, but readily soluble in water, (Buchner.) 

Maleates of Potassium, a. The neutral salt, C‘H-K*0* (at 100°), is obtained 
by saturating the tveid with carbonate of p<aas.sium, and evajiorating, in radiate crystals 


which MC »oft like -wts, 
alcohol to the coDCOT*-^ 

Adding an equal 
ccntration, thxs it 
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I soluble in water, but insoluble in alcohol, (j^^ding 
solution^ this salt is precipitated ai 

. 

Jn saturating the^dd with carbonate of potassium, 
fcid, and <xmLin|j||Nplta solution, after sufficient con« 
centration. this i *>»o solution 

reddens litmu<k;j^nh#^itlk»MM“Wo in ulcohoL It does not ^to off unjig^ter 

"^On^nddinff w^eio acid to a concentrated solution of the neutral potassic salt, no 
procipitate is ^od immedintoly, but tho acid salt is deposited after some time. 

(Buchner.) ... •*! 

Maleatea cf Silver, a. C*H»Ag»OV--The acid gives no procimtato with 

nitrate of silver, but maleate of potassium or ammonium throws down a white 
oitat^Lassaigne, Braconnot). The while prt'cipiUito obtained with an alkalino 
Jual^ changes in a few hours to tolerably large, transparent and colourless crystals, 
having an adamantine lustre ; after drying, it detonatos slightly on tho application of 

^ (at 100*^).— Obtained in fine colourless needles by mixing a 

solution of mideic acid with nitrate of silver, and evaporating at a gentle heat. 

Maleates of Sodium, a. i^Tcuira/, C 4 lW 0 \~The aqui^ius acid satuwtodi^^^ 
carbonate of sodhim and evaporated, yields a magma of needles on cooling. The salt is 
precipitated from its aqueous solution by alcohol, as a crystalline powder. It is not 

salt, C«H»Na0«.3H’0, obtained like the acid potassium-salt, forms 
rhomboYdal prisms, sparingly soluble in cold, more soluble in boiling water, 
in alcohol. The solution has an acid reaction. The crystals contain 28 3 per cent, 
crystallisation- water, which they give off at 100°. nf 

Sodio^potassic makaU, C^IPKNaOMT^O.— On neutrabsing an aqueous solution of 
malouto of sodium with carbonate of potassium, then evaporating and cooling the syrup, 
a few small crystals are obtained, floating in a gehitiiums mot,h(^r*liquif On I * 
fating tho concentrated aqueous solution with absolute alcohol and ^ 

line magma aside in contact with absolute alcohol, then' is finally obtainid a 
easily ^liquescent, crystalline powder, which gives off 913 fier cent (2 at) water at 
lOOO, and wntains 26*65 per cent, potash, and 17*64 per cent. soda. (Buchner.) 
Neither the ammonio-potassic nor the ammonio-so<lic salt has yet been obtainea. 
Maleates of Strontium— a. Tho neutral salt, C‘H*8r"0 ‘.611*0, forms silky 
noodles.— /B. The acid salt, C«H«Sr''0".8H*0, obtained like the corresponding barium- 
salt, crystallises in rectangular prisms, which are limpid, and acid to litmus-piiiwr. 
Tho Sait is soluble in water, but insoluble in alcohol. It gives oft tho whole of its 
water (31*4 per cent.) at 100°. (Biichnor.) . , 

MaUate of Zinc, C'H*Zn"0<.2H‘O.-On boiling 

of 7.inc..md evaporating the filtrate at a gentle heat gola . non. 

which become completely cryatalline on standing. The 

the salt in crystalline emste. The erystaU do not lose anything at 100 , they are 
very soluble in water, but insoluble in alcohoL (Biicnner.) 

Substitution-derivatives of Maleic Add. 

Maleic acid docs not yield subslitution-products by the direct action of " 

hi^^nT; hi? have been obtm^hy indirect 

sition of these sulititution-products, and analogous to msleic acid in thur 

ar.m.m.1.10 aeWa. These compounds are produced by the decomposition of 

the brominsted this acid there are four modifications. 

‘ru3 * “ 

by boiling an aqueous solution of dibromosuccinate of banum . 




C'nBrO*)no. + 

- IPBa”/ ^ 


Ba'Br*. 


•econverted into tlm . . ..oaium-amalgam info succinic acid. It docs 

WbenheatodtolOO'- 
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inth ihiter and droMtne^ U yields a ciyfltalliflaMd?5 
liadiliifomotartaric acid: .v* 

^ C*H»BrO* + 2Bi? 4- « 


feRlDE. 


m 




Bromomaleio acid is dibasic. " Its sslts usually foS 
The sUv^-ta/t, C*HBrAgK>*, separates, on miring 

■m^of^ver, as a wMte amorphous pnaipitate, may bfX'T®?'® 
decomposition from boiling water. (Kekule.) 

homommMe acid. This acid, isomeric with the preceding, is ptoda sd h 
isodibromosaccimc acid to 180 °, or by boiling and eraporatiogits ajueoM sofu^'^ 

= C*H‘BtO‘ + sir; 


also by boiling isodibromosuccinie anhydride with water. 

rr.rr„r I. ^ - 


Isobromomaleic acid, is very much like hromomaloic acid, but melti at a hish 
silver-salt is easilv decomposed by boiling with wnt/lk 
is obtained, with evolution of bydtobromic 


temperature, viz. 160 ^. Its 

IsobroMOTtialeio anAydride, G^IIBrO^.O, la uuumuou, wiui evoiucion ot n\ 
acid, on heating isodibwmosuecinic anhydride to 180 ^. It is erystallisahle. 

Two other acids having the composition of bromomaleic acii viz. meta- and para- 
broTnomaleic acid, are found, together with dibromosuccinic acid, in the most soluble 
portion of the secondary products resulting from the action of bromine on succinic acid. 

Both are ci^stallisable and very soluble in water. The former melts at 126° 127° • 

the latter at 172°. Their silver-salts are more stable than that of isobromomaleic acid! 

Bibromomaleio acid, ^ — This acid is produced, in small quantity, 

together with dibromosuccinic acid, and the two last-mentioned modifications of mono- 
bromomaleic acid, by the action of bromine on succinic acid. It is found in the htst 
mother-liquors, and may be obtained therefrom by distillation and slow evaporation of 
the distillate. It is probably a product of the decomposition of previously formed 
tribromosuccinic acid. 

Bibromomaleic acid cip^stallises in nodular groups of large needles. It is extremely 
soluble, and volatilises with the aqueous vapours. Melts at 112°. Its lead- and silver- 
salts are crystalline precipitates, which detonate when heated; the silver-salt, also by 
percussion. (KekuU, Lehrhuch d. org. Chemie, ii. 315.— Ann. Ch. Pharm. cxxxi.’l.) 

Chloromalelc acid. ^ {O*. -Obtained by the action of pentachloride of 

phosphorus on tartaric acid. When 1 pt. of tartaric acid is heated with 5 or 6 pts. of 
the pentachloride, large quantities of hydrochloric acid are evolved, together with oxy- 
chloride of phosphorus, which must be removed by prolonged heating to 120° in a 
current of air. The residue consists of oily chloride of chloro 7 naleyl, C^IICIO'^.CI*, which 
IS resolved by water into hydrochloric and chloromuleic acids. 

The reaction may bo explained as follows The first product of the action of penta- 
chlondo of phosphorus on tartaric acid is the tetrachloride of the radicle of that acid: 


jj* |OW 4PCP = C'HW.CP + 4POCP + 4HC1, 

Tartaric acid. Tetrachloride 

of tartryl. 

Md this tetrachloride, which is identical with dichloride of dichlorosuccinyl, is resolved 
by heat (in a manner analogous to the decomposition of isodibromosuccinie acid, already 
mentioned) into hydrochloric acid and dichloride of monochloromaleyl ; 

C*H»C1*0»C1> = 0'HC10*.CT» + HCl. 

Dichluride of dichloro* uichloride of 

•uccinyl. dhlhromaleyl, 

Chloromaleic acid forms white microscopic needles, soluble in water and fusible by 
boat. It is dibasic. The lead- and silver-salts are crystalline precipitates. (Perkin 
and Buppa, Ann. Ch. Pharm. cxv. 105.) 


Isomaleic acid, C*H*0*. 

Isomalic acid (p, 794), treated with pentachloride of phosphorus, yields a chloride, 
which, when in contact with water, is converted into this acid, isomeric with maleic 
acid. 

Isomaleic acid is erystallisahle, less soluble in water than maleic acid, more soluble 
thM fumaric acid. The neutral potassium-salt forms deliquescent crystals. The 
Uad-^t is an amorphous precipitate. The silver-salt is very soluble in water, and its 
solution, when boiled, deposits metallic silver. (K&mmerer, J. pr. Chem Ixxxviii 
S21 ; Jahresber. 1863, p. 379.) 

MAUno AWBTBmiBB. eHH)* » 0. (Pelouze, Ann. Ch. Pham. 






::x:^" r';; ■ , . . : ' 

■: AGlDi 


maleic acid, and 


It.}— T hia compound is obtained by n 
wiaduet aeaeral times, the first portion < 

? ^ — — A.IKmm. aMciau wKiaVi VMaWs 


• Maleic anbydSdiiiiltes directly with bromine, pw^ucin^ a subst^e which has 
MB^ition S^diteomosucciiuo anhydride, C*H«Br* 0 ». 0 . is converted by »at« int<> 
SS&oeoceiiiic mad. and » ^Ived at 180 <> into hydrobronuc acid and laoViomo. 
maleic anhydride. (KekuU.) ■ 


y-.-.'To aOIB. C*H* 0 > - (C‘H’ 0 >) |q, j 208 .— Qorh. i. 787 .)— This 

i.cid was discovered by Scheele in 1786 , but iu composition was dret »»Mtlv do^r- 
m ned by uZg ^n. Ch. Pharm. xxvi. 166 ). ft is very wi^ly ^soi in tim 
voffotablo kingdom, and is conUined in plants, sometimes in the free state, wmetimes 
iil^Sie fbrm a potassium-, calcium-, or magnesium-salt. It is found lu abuniknw, 
tLXr^th citnVacid, in unripe apples, in the fruits of the bMberty, sloe elder, 
mourt^n-ash and in gooseberries, cherries, bilberries, strawbernes. rsspbemes, 
«:d m"the“ ^cTfruits^^^It is likewise found in ije roots 
eniralica. ^stolochia, bryony, liquorice, primrose, and madder ; in Mrrots imd potass , 
?n &^ ^d stems of ^nV bellmlonna, hemp celandine, holy ^ lettoo^ 
tobacco poppy, me, sage, house-leek, tansy, thyme, valerian and melilot ; in the dowers 
chaniomilef elder, and mullein ; in pine-apples and grapes i in the s^ of corraway, 
cumin, parsley, anise, dax, and pepper; m asafustida, opopanax, myrrh, 6 ^ 

Malicwidf as it exists in plants, exerts a roUtory acUon on polari^ light. An 
acid having exactly the same comiwsitioii and properties, including the i^lory power, 
U or^mSording to Piria (Ann. Ch. Phys. [ 3 ] xxii. 160 ), by the imtion ot nitr^ 
acid on asparagin or on active aspartic acid ; but, by imting with nitrous aud un^ 
inwtive asp^acid (produced by the meUmorphosis ot funiarimide), ^ 

obtained a modidcation of maUc acid destitute of rotatory power (Ann. Ch. Phys. (S] 

“Sliif liid is found, according to Berzelius, among the residues of the 

of nitrous ether. Debus (Ann. Ch. Pharm. c. 1 ) could notdetect malic acid m thess 

residues, but found instead, glyoxylic aciil. 

Preparation- From the berries of the Momtain-ask. These likewise ^ntain small 
r a s.n /1 /vWtvin apifl whilo Vf^rv uiiripe. (Liobig.) 


filtiirpd is Dartlv neutralised witn carnonaie oi ’ \ V i a 

excefw of Mid to redden litmus pretty strongly ; then precipitatial by nitrate of >'‘»d 
(orwith neutral acetate of lead, if carlsinato of potassium is not used); ^ 

a few davs till the curdy precipitate is completely converted into smaU needles , thiso 
crvsials ^reed from the^ ^mixed mucous or dooculent compound of lead-oxido and 
metier twhlch ts particularly abundant when acetate of lead is used) by 
1 ". Ith cold wE a„d,Ltly. well washed with water.-«. Tbo needle. 

rated to the ^stalhsing pom • , , rpsiduo exhausted with alcohol ; the 

phgWc be <*tained from house-l.wk, from cherries « 

i.feTKTKf'.ii le" «.• «- -I a--* «”"■ •iv^ 

and from tobacco. , .. 

ul. fTKea solutioD of malic acid concentrated to a syrop, ana tncii 

Properttet—Hh» ^ „oaf» of colourless shining needle, or mmime 

If* w*7C’"Tli^lt^'88^^^ lOOO (Pasteur), and donU 
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yy loss of weight at 120°. They are odourless, have and deli, 

the air. Malic acid is soluble in alcohol. 

The aqueous solution of active malic acid rotated the plane of polarisation of a luminous 
ray to the left : [o] ■» — 6^. Some of its salts possess dextib^rotatoiy, others hevo- 
rotatory power. The presence of acids, whether "mineral or organic, increases the 
tendency to laevo-rotation. (Pasteur.) 

Decompositwns. — 1. The acid heated for some hours to between 176® and 180® in a 
wtort placed in the oil-bath, is resolved, without any evolution of gas or carbonisation, 
into water, maleic acid, which nasses over in the liquid form with the water, and 
crystallises soon afterwards, and about an equal quantity of fumaric acid (ii. 741), 
part of which distils over, while the rest remains in the retort in the form of a crystal- 
line mass. If the malic acid be suddenly heated to 200®, and kept for some time at 
that temperature, a comparatively large quantity of maleic acid is obtaihed ; but at 
160®, the malic acid is very slowly, but almost completely, resolved into water fuul 
fumaric ^id. The first piquet of the decomposition perhaps consists entirely of 
maleic ^id, which, however, if the heat be not quickly raised to the point of volatili- 
sation, is converted into fumaric acid. (Pelouze.) 

If a strong fire be made to act immediately on the malic acid, it swells up, turns 
brown, and yields, together with maleic and fumaric acids, large quantities of car- 
bonic oxide and carbonic anhydride, empyreumatic oil, and charcoal, which must be 
regarded as decomposition -products of the maleic and fumaric, not of the malic acid. 
(Lassaigne). — 2. In the open fire, the acid burns with the odour of burnt sugar. — 
3. The acid in combination with potash is decomposed by bromine^ with formation of 
bromofom (Ca hours, Ann. Chim. Phys. [3] xix. 607). — 4. Nitric acid easily con- 
verts it into oxalic acid, with evolution of carbonic anhydride. 

6. By the action of reducing agmts it is converted into succinic acid. The roduc 
tion takes dace readily on heating it with concentrated kydriodic acid to 130® (Schmitt, 
Ann. Ch. Pharm. cxiv. 106); also when malate of calcium is fermented in contact 
with yeast. (Piria, ibid. Ixx. 102; Liebig, ibid. 104, and 363.) 

6. By slow oxidation in the cold with acid chromate of potassium^ it is converted into 
malonic acid (Dessaignes, Ann. Ch. Pharm. evil 251) : 

C^H»0» + 0* = + H*0 + CO». 

Malic Malonic 

acid. acid. 



crus 
cxil. 24), 


1 (4 pts.), 
L When 


peroxide 

Pharm. cxiii. 14). 

7. Malic acid gently heated with excess of potassic hydrate^ is resolved into oxalic 
and acotic acids : 

-f KHO « C*H»KO» + C^K‘0< -i- H». 

When malate of calcium (1 pt.) is heated with pentachloridc q, 
chloride of fumaryl passes over (Perkin and Duppa (i6*< 
malic acid (1 at.) is heated with the pentachloride (2 atl till it begins to turn brown, 
and the product is decomposed with water, fumaric acid is obtain^. fLiis-Bodart 
ibid. c. 327.) 

MALATBS.^Malic acid, though most probably triatomic, as shown by the consti- 
tution of its amides (p. 796), contains only 2 af! hydrogen re|>laccable by metals. It 

may therefore be conveniently represented by^the formula (similar to that 

of glycollic acid, i^ich is diatomic but monobasic), and the neutral and acid malatcs 

by the formulae C*H*0* \ 0*, and C*H*o4o*. Malic acid has a great tendency to form 
M« ) H.Mj ^ 

acid salts. 

The active and inactive modifications of malic acid yield respectively active and 
inactive salts. The former sometimes exhibit hemihedral modifications ; the latter are 
always holohedral. 

The malates heated to 200® gpve off water, and are converted into fumarates : 
C‘H«M»0» - C^H*M*0« + H*0. . 

K^ly all malates are soluble in water. A solution of the acid or of a malate is not 
preeipitated by lime-water or chlonde of calcium, either in the cold or on heating ; but 
on the addition of alcohol, a white precipitate of calde malate separates. ^Neutral 
malate of calcium is also precipitated by long boiling of a solution of malic nearly 
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neitraUsed with nipJlf lime. With aoettiie of lead, malic acid forma a white 
tttte Bolublein excess of malic acid and in ammonia : this precipitate when heat*^ 
mother-Uquid, ra^ts to a semifluid, transparent mass. Malates are not blackel^ V 
heating ^th/uwin^ acid; this retiction distinguishos malic from citric and 

artaric acids. 

Malatei of Aluminium.^Tixo neutral salt is a tmnspiwnt gum, which rwldens 
litmus slightly, is permanent in the air, and dissolves readily in wat«'r, forming a solu- 
tion which is not precipitated by potash or ammonia. There is also a Arwic salt 
sparingly soluble in water. 

Malateo of Ammonium. — a. The neutral salt is very soluble and uncrystulU- 

/8. The acid salt. C*HXNH*)0*, is prepared by treating malate of load with dilute 
ul^uric acid, taking care to avoid an excess of acid, filU'ring, dividing the lii|uid into 
two parts, salhirating one with ammonia, then adding the other, and evapmiting to a 
syrup. The salt prepared with optically active malic acid crystallises in flue trans- 
parent prisms, belonging to the trimctric system, with well-deftnpl and stnmgly wflect- 
ng faces. Ordinary combination, ooP . ool^oo . sometimes with hemihodral 

facets Inclination of the flvccs, ooP : uoP ■*71"' 36' ; Jpoo : Jpoo , in the piano of 

thebrachydiagonal and vertical axis = 137*^ 36'; foo : I*oo in the same plane « 10.3° 36*. 
Cleavage easy, p<^ri)endicular U> the faces ooP. The salt, when crystallised from pure 
water, or from water acidulattMl with nitric acid, is never hemihedral ; but the crystals 
acquire that character when molted till they begin to decompose, and then recrystal- 
liscd. It would appear, therefore, that the action of heat gives rise to the formation 
of small quantities of products which induce the dev<‘lopment of hemihodral faces. 
Siiecific gravity of the crystals 165 (that of water at 12-6^ = 1). The crystals dis- 
solve in 3*11 pts. of water at l5-7^\ The solution deflects the piano of polarisation to 
the left: rotatory power for 100 inillimetrcs: [a] =» — 6° or —7°. if the salt is dis- 
solved in nitric acid, it becomes dextro-rotatory: [a] « + 5'6°. lly dry distillation, it 
gives off water, and leaves an insoluble rcsiduo of furnarirnide (ii. 746). Amirionia 
escapes, however, together with the water, and the residue contains fumaric and nmleic 
acids, together with malic acid both active and inactive. 

The acid ammonium-salt of inactive malic acid forms two knuls of cr}^Htals. --(/i) J Ue 
solution when evaporated first yields crystals having the same (K)miH>sition >is tlio imtive 
ammonium-salt, and the same form, with (*xce[)tioii of th(» hemihodral faces, which are 
al)8ent.~(A) The mother-liquor soparMted from th(‘se crystals (hqwisits, aftor a while, 
largo, hard, transparent crystals containing 2 at. water mort' than the salt a, and be- 
longing to the monoclinic sy.stcm. Ordinary combination, ool - 1 a>J n j . 1 1 « J. 
Inclination of faces, ooP : ooP in the plane of the clinodiagonal and pnncipal axis 
. 124° 19' • 1 ooPnl ' ooP *» 149° 33' ; [P® ]: [1^® 1 hi the plane of the climxiiagonal 
and principal axis = 127° 20'; [I** ] : «l' = 85° 22' an.l 119° 22'. Anglo of tlio 
inclined axes = 110° 56'. No hemihodral facf^s. Inactive acid malate of ammonium 
is decomposed by heat in the same manner as the active salt. • i i ♦ 

Active acid malate of ammonium unites in atomic propirtion with acul uextro- 
tartrate of ammonium ; the inactive salt does not. 

Malatcs of Antimony.-^'Vho neutral salt has not been obtained. 

Malate of Antimony and Ammonium is obtainrd, according to 1 hy mnlmg % 

solution of acid malate of ammonium with aiitiinoiiic oxide, f liquid leff to evapo- 
rate yields the double salt in large crystals, having the hemihodral faces very fully 
develop^ The solution is dextro-rotatory ; for 100 millimetres : [a] - J : 

Mal^ of Antimony and Potassium is obtained in t he crystallino stoto by saturating 
add malato of potassium with antimonic oxide. Neither of these double salts has Wn 

analysed. ^ , 

MalaU, of Barium, a. Niutral >nlt, C*HW'0‘.2IPO 7~It in difficult to «8tur»l« 
malic acid with carl)onatfl of barium, «o compIcUly that the litiuid Hhall no longer 
redden litmus-naper The aolution evaporated in a vaenum dci«Hita tranapim-nt 
neutral to ^t paper, and giving off lO'O per cent., water at 220°. The wduUon 
wh^boilod depoaita whUe cniela of L anhydroua aalt 

tnUiaation: they^ abaolutcly inaolul.le m water whether cold or boiling, but dii^Ive 
rapidly on adding a trace of nitric acid ; the aolution thua formed la not precipitated by 

UncryaUUiaable and more aoluWe than the preceding. 

MalaU» of Calcium, a. 

tnrbid on ad^tion of exceu of hme-water (Bracon not. Ann. Cb. Phya. m lu 8ai , 
Laaaaigne); not even in concentrated aolntionf and on the application of heat,— a 

Voi. III. * ® 


JW2 


MALIC ACID. 


bywhich malic i« distingnichcd from citric acid (Sf Rose, Pogtr. Aim 
f™" ” Jpcklert The acid neutralised with lime-water yields on et^mtion 

in ^o (an acid mother-liqnid remaining) large, thin, shining laminie, which dissolve 
KiaAly in water, and after drying in vacuo at ordinaiy temperatures, give off all their 
water = 17 per cent. (2 at.) at 180'’, and about half of it at lOO®.* Their aqueous 
smution, when left to evaporate in the air, again yields laminte, but when heated to the 
Miling point, depcMits a white, granular, nearly insoluble salt with 1 at. water. Hence 

j«'"®’l“P"'^'"^'^'^*'*'^*^'^*'®'’'''“‘"’>'*'ewi8olosetheir solubility. (Richardson 
and Menzdorf, Ann. Ch. Pharm. xxvi. 13.1) ^ tnicnarason 

2. Dilute malic acid agitated in the cold with excess of carbonate of calcium 
i^ains strongly acid ; but the filtrate, when boiled, coagulates to a pulp composed of 
granules of the monohydrated neutral-salt, which is nearly insoluble in waterand in 
Sbrnbiwl The” (Ki'kardson and Menzdorf). ^Prom the solution thus 

wh “'* * *“ four-sided prisms, which grate betweeft the 

teeth, dissolve in 83 pts. of cold and a somewhat smaller quantity of hot water 

lmth7n“hot"ni,i .Teol/ eranul" powder of anhydrous salt, which is nearly insoluble 
both in hot and in cold water. (Hagen, Ann. Ch. Pharm. ixiviii. 267.) 

efiT, T chloride of cMcium and neutral malato of sodium deposits 

salt ca'®'®'". in transparent ciystalliiie grains, ^his 

earh^”*t ” "? Completely decomposed by the stable alkaline 

carbonates It dissolves in 147 pts. of cold water, fornling a solution which t^tes ■ 

mTiratToi!'^” Tn ’’Oiling water, from which it does not 

separate on cooling. (Bsaconnot.) ba* eoi 

Bate v!l.hI?TT°" neutralised with a soluble alkaline carbo- 

oty®*®’® of the neutral salt 

IrcM f T ® ^®‘®®'g’l« off 1 at. water at looo, a.ssuming the appearanc^ of 

porcobun, and are completely dehydrat^’^d at 150® (Hagen.) ^ 

0. The granular salt, left to itself in the moist state for two days, takes up water and is 
^vs'^tTl circumstances not yet determined, int.o rougl transluLnt, giobular 

22^40 uerS ’‘'hc'-eby they are rendered opaque, live off 

xHi. 243 !) ■ (^®®®“‘gncs and Cathaurd, J. Phann. [3] 

th^rrid calcium is easily obtained in the crystalline state by dissolving 

d bit. enTt, *3 *" “mmonm, and leaving the solution to evaporate. If the solution is 
in crystals is obtained in 24 hours ; but if the salt is dissolved 

i^yShsi! “"""°“'‘“*>®n ndded in excess, it takes a considerable time to 

wh^tLrdflTlv-ed b T ®»'t “ hemihcdnvl, and it produces dextro-rotation, 

wnether dissolved in water or in hydrochloric acid. (Pasteur ) 

Teasel covered with paper, IS converted into succinate (Dessaignos). During the 

wise prSuLd -^^but fn carlxmate of ealciiim and a mucous organisation are like- 
wise pi^uced, but in the summer months, the sole product consists of nf^pHlf^a nf 
^ceinate of calcium, which gradually rise above the diminishing malato of calcium 
wh^a small quantity of gas is given off. (Dessaignes, Compt rond xxriii leT’ 
When a mixture of 4 pts. of malate of calcium, 24 pts. of water, and 1 pt of yeast 
& putrefying cheese jw fibrin) is set aside in a warn pl^ a 

tolerably brisk evolution of pure carbonic ai^dride takes place, the muddy edeium- 
salt ^ns m the course of three days to ?4ome gt«nnla?and heavy and X^the 

IwdlM "ulitl7 ‘''® '"'®®®®'®P® ‘o consis/of transparent 

cMeium Tl,f gro'ips, and composed of succinate and carbonate of 

calcium. Tlie supernatant liquid contains acetate of calcium. 

is eviteJ”^®" ''’® becomes too hot, hydrogen gas 

IS evolved M well as carbonic anhydride, and possibly in equal volume • andin tSt 

^ Wnd” “ ®’”“"'®d ’’“t. little succinic and acetic, but a^arge quantity of butyric 

“ufuTtL liTuT’Tv ® T*‘ ®^ “PP'™’ obteiled by SL 

bv dfloriL^T ®®'^‘'y "> ’"ttcr, and may separated therofrom 

by cnlonde of calcium or carbonate of potassium : it, however (Halves a laiwr 

Wd“^!cetif Porthe fermentation in which su^ie 

^ produced, and pure carbonic anhydride is evolved, the eqna- 

3C<H*0‘ _ 2C'H*0‘ + C’H‘0» + 2CO* + H«0. 
for the fermentation, when hydrogen is evolved : 


3C‘H*0* 


C'H'O* + 400* +H» 
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or, if tlie oToltttio&'of hydrogen is consequent on the decomposition of suceiiiio t 
8C<H«0* « 2C^HH)* + 4CO* + H*. 

I>art of the carbonic acid remains with the lime. (Liebig, Ann. Ch. Pharm. Ixn. 
104, and 363.) 

According to E. J. Kohl (Ann. Ch. Pharm. Ixxviii. 252), mnlate of calcium fermented 
with putrefying casein gives off nothing but carbonic anhydride, and yields prindj^y 
Ittctate of calcium, with small quantities of succinate, acetate, and carbonate. W. Baer 
(Arch. Pharm. [2] Ixix. 147) obtained a similar result with the juice of mountain-ash 
berries, neutralised witli carbonate of calcium, mixed with beer-yetist, and left, to stand 
at ordinary iemperatures. Winckler (Jahrb. pr. Pharm. xxii. 300) found a large 
qujintity of lactic acid in the acid residue of cider, and supposes it to have been formed 
by fermentation of the mulate of calcium contained in the juice of the apples. Reb- 
ling (Arch. Pharm. [^2] Ixvii. 300) observed that, in the fbrmentation of malate of 
calcium, valerianic acid is formed as well us succinic and butyric acids. 

When a solution of inactive 7nalic acid is neutralised with lime-water, no turbidity is 
produced ; but on ud<lition of alcohol, the neutral calcium-salt is deposited in white 
amorphous flakes. On boiling the neutralisid aqueous solution, a granulo-crystalline 
precipitate is formetl, having the composition C^H*0a"O*, and but sparingly soluble in 
water, either hot or cold. When a solution of acid malate of ammonium containing 
the inactive acid is mixed with a soluble calcium-salt and excess of ammonia, no pre- 
cipitate is formed at first., but after 24 hours, transparent crystals united in nodules 
are formed, containing 2C‘H^Ca"0‘. 6aq. (Pasteur.) 

/9. Acid salij C"lI‘®Ca"0'®.8lPO. — This salt may be prepared from the stems of 
<i cranium eonale (Br aeon not). Also from the berries of Rhtut glahrum or copallinum, 
by exhausting them with hot water, evaporating the infusion, decolorising it with 
animal charcoal previously purified with hydrochloric acid, evaporating the filtrate 
further, setting it aside to crystallise, and purifying the resulting crystals, if necessary, 
by recrystallisation (Rogers, Sill. Am. J. xxvii. 294). Tobacco also contains it in 
largo quantity. The solution of the neutral salt in warm dilute nitric acid, dcf>osits 
the acid salt in crystals on cooling. (Hagen.) 

The crystals of the salt prepared with the active ackl belong to the trimet ric system. 
Ordinary combination, oeP . oo f»n . oof oo . f oo . mf oo . Inclination of the faces, 
ooP : ooP = 93® 26' ; ooP : oofn 162° 14'; ooPoo : ooPai 133° 17'; ooPoo : Poo 
136° 33'; too : mfoo -« 168° 30'. Cleavage easy parallel to oopoo. When crystal- 
lised from pure water, it docs not exliibit hemihodral faces ; but when crystallised from 

mP 

nitric acid, all the crystals have four faces — , and for a certain concentration of the 


acid, these facets become so much developed os nearly to obliterate the principal faces 
of the crystal. The crystals dissolve in 60 pts. of cold water, and in a much smaller 
quantity of boiling water ; they are insoluble in absolute alcohol. They give off 22*37 
per cent, (nearly 3 at.) water at 100°, and are completely dehydrated at 180°. 

The inactive salt resembles the preceding in every respect, excepting that it has no 


hemihedral faces. 

According to Braconnot, acid malate of calcium saturated with alkaline carl)onHte8 
yields double salts, viz. ammonio', patassio-, and sodio-calcic malatm i but they have 
not been analysed. 

Malatea of Copper.— a. The neutral salt, CMl*Cu"(P.U’*0, is a gummy mass of a 
flue green colour, and very soluble in water. 

0. The acid, salt, C"H'*Gu"0’.2lPO, is obtained in fine blue crysUils, by saturating 
the cold aqueous acid with cupric hydrate and ovajx>rating at 40°. 

r A fmic salt, 2C*H«Cu"0‘.Cu"0.4H'-'0, is obtainwl, as a green insoluble p)i(vder, by 
lK)iI)ng malic acid in excess with cupric carbonate. The rarlKuiatc troaUsl in the w>hl 
with excess of malic acid dissolves in considcrjible quantity, and the solution, when 
lM>ilod, immediately dep< 3 sits the salt just mentiomvi ; but if evap<^)rafod in a vacuum 
iMJtwecn 40° and 50°, it deposits dark green crystals c^mtaining the same proporUon 
of malate and oxide of copper with 6 at. water. . , . , 

A mixture of cupric sulphate and malate of ammonium deposits by spfmtaneous 
evaporation, first crystals of cupric sulphate, then green aciciilar crysUls unalUirable 
in the air, of a double salt, consisting of cupric malate and sulpliate of emnwinium. 
(H. Schulze, Arch. Pharm. [2] Ivii. 273.) , . , , , 

Malate of Iron {ferricum).-^hoih the neutral and acid salts arc brow^ guram^, 
permanent in the air, very soluble in water and in alcohol. A solution of a feme 
salt oontaininfir malic acid is not precipitated by alkalis. ..... 

Malate* of Lead.— a. The neutral eaU, C»H«Pl/'0«.3n*0, is obtained by preci- 
pitating neutral aceUte of lead with a solution of calcic or potassic malale; it is a 
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i^hite curdy precipitate, which, when left for some hours in a solution of the acetate, is 
converted into four-sided needles grouped around a common centre. This salt melts 
in boili]^ water to a transparent pitchy mass ; it is very slightly soluble in cold, more 
soluble in boiling water; a strong aqueous solution deposits it in shining needles. It 
dissolves very easily in nitric acid ; acetic acid and malic acid do not dissolve it more 
freely than pure water. Acetate of lead also dissolves the malate, and deposits it by 
slow evaporation in silky needles. 

According to R Otto (Ann. Ch. Pharra. cxxviii. 175), a neutral malate of lead 
having, after drying at 100®, the composition G*H^Pb"0'.H^0, is obtained by dropping 
a partly neutralised solution of malic acid into an excess of boiling aqueous solution 
of basic acetate of lead, boiling for several hours with de-aerated water,*and washing 
by decantation. 

Both the active and inactive malates of lead melt with equal facility in boiling 
water; the only difference observed between tlie two modifications is that the inastivo 
salt takes a longer time than the active salt to become crystalline, the latter, which is 
amorphous at the time of precipitation, being converted into needle-shaped crys- 
tals in a few hours, whereas the inactive salt may remain amorphous for several 
days. This character may serve to distinguish between the two salts, when only small 
quantities of them are at hand. Both salts melt immediately on bein^ immersed in 
boiling water, but a portion dissolves and is precipitated when the liquid cools and is 
left at rest ; the active malate is then deposited after 24 hours in shining prisms 
grouped in tufts ; the inactive salt, on the contrary, is deposited in the amorphous 
state, and covers uniformly the sides of the vessel ; but after a few days, this amor- 
phous precipitate disappears, and is replaced by needle-shaped crystals, also grouped 
in tuft^», and exactly resembling those of the active malate. (Pasteur.) 

Malate of lead in the amorphous state easily parts with the whole of its combined 
water (14 per cent. =3 at.) when dried over sulphuric acid. If the salt is crystallised, 
the water is retained with greater force, and it must be heated to about 150° to dehy- 
drate it. 

Neutral malate of lead, which melts easily when thrown into boiling water, does not 
melt in the hot air chamber, either at 100® or at a higher temperature. It even 
retains its crystalline aspect up to 170®, in spite of the loss of its water of crystallisa- 
tion, and only then begins to assume a dull woolly aspect. When heated to 220®, it 
gives off more water, and is converted intofurnarate of lead. 

$. A basic snltf Pb''0.2C*H^Pb''0®, is obtained by digesting the neutral salt with 
ammonia, or by pouring acetate of lead into the solution of a malate mixed with 
ammonia, or, according to Otto (lac. cit.\ by dropping a perfectly ueutraliscd solution 
of malic acid into excess of a boiling solution of basic iicetate of lead. It never 
becomes crystalline, and does not melt in boiling water, but if acetic acid bo added, it 
melts, with considerable diminution of volume, being then evidently converted into the 
neutral .salt. 

Basic malate of lead dissolves in acetate of lead, like the neutral salt, and the solu- 
tion, iPsomewhat concentrated, is precipitated by ammonia. It is nearly insoluble in 
water, either cold or boiling ; but sufficiently soluble to blue red litmus paper, when a 
few moist fragments are placed upon it. 

Malates of Lithium . — Both the neutral and acid salt are uncrystallisable. 

Malates of Magnesium.— a. Neutral soli, C<H<Mg"0®.6H*0. A dilute solution 
of malic acid boiled with magnesia yields a liquid which, when evaporated to a pellicle, 
deposits after some time, rhomboidal prisms of this salt, containing 6 at. water, four 
of which are given off at 100°. Alcohol add^to the concentrated sdution precipitates 
it in anhydrous fiocks, which become pasty \>y heat. 

The acid salt, C"H“‘Mg"0'®.4H''^u, is obtained in flattened prisms, by half satumt- 
ing malic acid with carbonate of magnesium, and evaporating to crystallisation. It 
gives off half its water at 100®, and melts at a higher temperature. 

Malates of Manganese. — a. The neutral, salt, which is unciystallisable and very 
soluble, is obtained by saturating the acid with carbonate of magnesium. The acid 
salt is precipitated as a white powder, on adding malic acid to a solution of the preced- 
ing salt. It dissolves in 41 pts. of cold water, and is deposited from boiling water in 
transparent rose-coloured crystals. 

^ Malates of Mercury.— TYiese salts have not been analysed. When malic acid is 
digested with mercurotts oxide, a ciystalline powder is formed. The same salt is 
obtained on mixing malate of potassium with a dilute solution of mercurous nitrate. 
It is decomposed by boiling with water. 

When mercuric oxide is boiled with a strong solution of malic acid, the filtered 
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deDOsits small crystals of an acid salt soluble in water ; with excess of mercuric 
oMde, an^^luble yellow basic salt is formed. (Harff, Arch. Pharm. [3]v. 281.) 

* Malate of Potassium.— d. Nfutral. Uncrystallisable, dolhiucsceiit^ insoluble in 
strong aloohol (Braconnot).— i9. Acid. Crystals, permuiunt in the air, soluble iu 
wat^ insoluble in alcohol. (I) o ii o v a n. ) 

\falate of Silver, Nitrate, of silver forms, with a solution of neutral 

nr 'acid malate of ammonium, a white granular precipitate, which becomes yellow wluni 
thoromrhiv dried. If heated after drying, it melts and decomposes, swe lling up u 
emitting an empyreumatic odour, and leaving perfectly white metallic silver. Ihe 
acid malate of silver has not been obtained. * • .1 

Malates of Sodi u w.—The m utral salt is unerystallisable. Tlh' aad salt is crystal- 
line permanent iu the air, soluble in water, insoluble in alcohol. 

M^ates of Stronti not, a. Neutral salt, CMl*Sr OMPO (at 100^). — Malic 
acid is not rendered turbid by strontia-water ; but, on evaporating the mixture, 0 crys- 
talline mass is obtained, very soluble in water. When malic aeid is digested with car- 
bonate of strontium, a solution is obtained whicli slightly rinhlcns turmeric, and dciiosits 
after concentration mamrm llutid groups of crystals having the aboxv compositnm 

ft An acid salt is precipitated in the eryslalliiie slat*' on adding malic acid to an 
aqurous solution of the neutral salt; it is Imt slightly soluble 111 cold water, more 
^luble in boiling water. . . , „ 

Malate of Thallium crystallises with difficulty; it is dclnpiesccnt, and melts 
below 100®. (Kuhlmaiin.) 

Uranic Malate.— YeWow ; sparingly soluble 111 wat« r. (K ic h t e r.) 

Mnlateof Yttrium.-\. When an aqueous solution of malic acid is poiir.Hl upon 
njirbonate of Yttrium part of the resulting salt dissolv«‘H, and is obtained by evapor.i- 
hoi . wUito i.Saulc,,.-2. alkali.... .....lat-H ,l..wn from yttn...,.- 

hJ tl.c aohitioi.a of tl,.- two salts aro .■,.,„T..trat...l in a..o .a,.,,o- 

white, aitnost tt'iVv'rtuKr" iT t'" 

mvo^off its l^t and is but slowly decomposiMl at higher temi>erHture8, It 

dissolves in 74 pts. of water; its solution in aqueous malie acid deposits the neutral 
sarunchan^ It dissolves abundantly in a<iueous malate ut sexhum, and dues not 
crystallise on evaporation. (Berlin.) 

Malates of Zinc a. Nvtral salt, (VIP/n"0^;UlK).- -When the a<pieous aen is 
♦ ; cfrlkonate of ?ine at a temperature below 30^ the filtrate deix)8its, alter 

at lOO^’lHaeoii). Wlion, on the otlnw lianil. tl... wid i» a..t..r..t.a at .t high '.''"ll 'it- 
Uii and the‘’«olution filtoml fn>m a baaic salt whi^ H,.,.ar«...s on oooln.g. and fuitli.T 
..vai;orated,cry«tala aro dapoHibal o.,.,t,.i..inK .’i; '"‘TbL’ Iw 

form and obstinately retaining alsmt ; at. water at 100 (Hagin). 1 } . , i; 

hard’ Htronfily lustrous, four-bided prisms (square, iwconliiig to LaBsai({ne), perpi i di- 
c'llarlv trancited, or boTolled with two faces: tli.'y re.l.len liliims (Hriieonnot). Ih.jy 
l"-™mooZue?t 100°, Ktvi.ig off 10 p, of water, and at I'^O^ swe I ap .....1 cn. ,. hie 
to a white^wder, giving off at the same lin... 10 p. c. mor.- wal.w 7 

d live h, M pt;. (67 pts. at 20°. according to J.assa.g..«) of eold. and 10 pts. 
of bo ling water^ from wLch the salt d.s s ..ot separate, ';'7 „ 

a Ac^ salt C»H‘®Zn"0'".4H*0.— Obtained by supersaturating the salt a wiin nm 

acit auf wishing the ^suiting crystals with 3'" 

verted into a ^m ^.^^ey ^.Ive .n 23 pts. ___ dissolvini thi m.utral 

saltin water.asacrysTaiiiii » lutniii .7 of the aqueous aeid with carbonatti of zinc, 

The solution obtanii'd by cont.nu ..K lm.li..g ty^ prolonged Is.iling with water is isni- 

sohdiaes on cooling to a 7*’"'“ Irid/' ,wder i» not lee-.inisised by water at 100°, but 

from malic acid; but when an aqu . having the eoinpositioii of 

boiled, and then evaporated, a q., prom this salt, other hromomalatiw 

aeid bromomalate of sodium. CUBrWaU^rr vet bo... obtained. 

may be formed bv f“m bromomaJeate (p. 787) and 

Lohrbuch^ i* 185.) 
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I&omalic acid^ C*H®0*. 

An acid, isomeric with malic acid, and perhaps identical with diglycollic aeij 
(ii. 912), the silver-salt of which was deposited from a photographic silver-bath' 
contmning nitrate of silver and milk-sugar, which had been used for a long time for 
dipping papers soaked in succinic or citric acid. The free acid separated by sulphydric 
acid from the silver- salt, forms a crystalline mass, or by slow crystallisation, trans- 
parent, well-developed ciystals resembling those of augite. The acid amrmnium- 
aaitj C®H*(NH^)0*2H'‘^0, remains, on evaporating the neutralised acid with ammonia, 
^ a radio-ciystalline mass. The neutral 'putassium-salt, crystallises 

in raonoclinic laminae. The lead-salt is a white precipitate, perfectly insoluble 
in water, and not melting or baking together in boiling water. The silver-salt, 
C'H^Ag'^O®, which is flocculent at first, is converted, when warmed with water, into 
microscopic six-sided tables, which do not decompose at 100°. This salt, treated#with 
iodide of ethyl, yields the neutral cthylic ether, as a colourless liquid, 

gradually decomposed by water. 

The isomalates, treated with pentachloride of phosphorus, yield a chloride isomeric 
with chloride of fumaryl, according to the equation ; 

+ 3PC1“ o. 2MC1 -h 2HC1 + 3POCP -f C«H*0*CP. 

This chloride is a liquid, which is partly decomposed by distillation, and, in contact 
with water, is resolved into hydrochloric acid and isomale ic acid, (p. 788). 

(Kammerer, J. pr. Chem. Ixxxviii. 321.) 


**•^^*0 ACXB, AMZBBS OF. When ammonia is passed into an alcoholic 
solution of ethylic malate, small crystals of nialamide are gradually deposited: 
CW(C»IP)W + 2NH® - + 2C^H®0; 

Malate of ethyl. MaUinide. Alcohol. 

and when dry ethylic malate is saturated with ammonia-gas, the product soon solidifies 
to a crystalline mass of ethylic malamate or malamethane, C^H'iNO* = 

^ » ) 0 * 

(C^H’O^)" 1 , the decomposition being represented by the equation : 

cm\cmyo* + nh» = c«H"iVo« -f env^o. 

This latter compound, dissolved in alcohol and saturated with ammonia, likewise yields 
nialamide. 

Malamido crystallises, by slow evaporation, in well-defined crystals. It differs from 
the mctameric compound asparagine (i. 421) by its ciystalline form, by not containing 
any water of crystallisation, and by its property of easily taking up water, and being 
thereby converted into ammonia and malic acid. It difiers also in optical rotatory 
power: [a] = — 475. (Dorn onde sir, Ann. Ch. Pharrn. Ixxx. 303.— Pasteur.) 

Mai amic acid, C^H’NO\ which is mctameric with aspartic acid (i. 422), has not 
been isolated. 

If malic acid be regarded as triatomic and dibasic, and represented by the formula 

0> (p. 790), in which two out of the three typic hydrogen-atoms are saline, 

that is, easily replaceable by metals, and the third, alcoholic, that is, most easily re- 
placeable by acid-radicles (see ii. 915), the difiference between malamic acid and mala- 
mido on the one hand, and aspartic acid and jisparugine on the other, may be reprt^sented 
by formuhe analo^us to those of glycot^i<? monamidc (the so-called glycolhiuiide, 
ii. 908) and glycocine (ii. 902), thus: r"' 


C'H*0* 


H 

(CWO»)'" 

Malic acid. 


0 » 


1 

N 

0* 

H* 

N 

(C«H>0»)'" 

(C^H’On'" 

0 

JP 

H.H* 

N 

Aspartic acid. 

Afiparagln. 

H 

0 

H 

0 

■N» 

(G*H»02)" 

■N 

(C^H’OT 

H.H" 

0 


Malamic acid. 

Malamide. 



Aspartic acid bears the same relation to malic acid that glycocine bears to glycollic 
acid. The saline or basic hydrogen of malic acid is still present in aspartic acid, but 
the alcoholic water-residue HO of the malic acid is replaced in aspartic add by the 
ammonia-residue NH‘‘‘. A.HpHragine is the amide of aspartic add. Hence it is that 
aspartic acid is not decomposed by boiling with alkalis (the ammonia-residue not being 
in the saline place), and that aspai^ine, when treated in the same way, gives off only 
half its nitrogtm as ammonia, and is converted into aspartic acid. In malamic acid, on 
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the otlttr hand, the ammonia-residue occupies the saline place; and, consequehtly, 
when malamide, which is its amide, is boiled with alkalis, the decomposition d<w not 
atop at the formation of malamic acid, but goes on to the formation of malic acid and 
ammonia. 

The neutral amide (triamide) of malic acid, ■ N*, is not known. 

IRir^ 

Malamic acid and malamide may be derived from the acid and ncutnil malatea of 
ammonhiin by elimination of I and 2 at. water resp'ctively, and, by further al>8tractioii 
of water, the other compounds in the following table may be conceived to be formed, 
though only one of them, viz. fumarimido (ii. 746), hiiB actually been obtaiiu'd: 


0* 


H 

iC«H*0’)"' 
H^N 
H’N 

Neutral malato 
uf ammonium. 

H 

(cni»o*) 
H.H^N , 

Acul mal.ite of 
ammonium. 


11 

(C‘IPO*')" 

Maliimidu. 


11 

(C‘ll>0-)'’‘ 

(unkiiowii.) 


N'^ 


n 

(CMPO)v 

Nitrilo 

(unknown)* 




0=* 


IT 

(cqi’o^)"' 
If. lb 


0=* 

N 


(capo=)'".N 

Nllrlh* 

(I'umarlniUio). 


” )o 

Malamic acid. Maliinlde 

(unknown). 

Malic acid was formerly regarded as diatomic as wt*ll as dibasic, Ix'ing represented 
by the formula ^ which agrees perfectly witli the const ilutiuii ot its salts. 

Moreover, the formulae of malamic acid and malamiib' are easily dcrivi'd from it; but 
then the so-called furnarimide cannot be snp|»os<*<i to contain the same nuliclo, but must 
actually be regarded as the iniide of fnmuric acid ; thus : 


II 

H 

Malic Hcid. 


0 * 


(CMPO’)" 

Ib^ 

11 * 

Malamide and 
asparagine. 




U ‘ ) 

(CMI'OTio 
ir ) 

Malamic acid and 
-u.partlc acid. 


(C-.W) |n 

Furnarimide, 


But the formation of this compound by heating acid mahito of ammonium to 160^^-^ 
200®, and its conversion into inactiv*' aspartic acid by boiling with strong hydrochiorio 
acid show that it is intimately related to malic acid, ami, therefore, that the triatornio 
formula of malic acid, which renders it possible to e.xpress fumariinu e by a forinula 
containing the same radicle as t ho acid, must he regardecl us preterable (Kekultj. 

Moreover the relation of malic acid to succinic and tartaric acids cannot be iwhajuately 

expressed by a diatomic formula. , . i i n i 

Substances closely rc.sembling furnarimide or nialomtrile, are likewiso obtailiod, 
according to Dessaignes, by the action of heat on acid lumarato and acid maleato or 
ammonium. 

MAX.XC ACZ1>, PHBiarYX.ATBl> AMXDBS OP. ^niesii compounds Imve 
been more completely studied than the primary uinides of malic tu.;id ; three of them 
have been obtained by Arppe (Ann. Ch. Pharm. xcvi. 166), viz. diphcriyl-malamide, 
phenyl-maliraidt^ and phenyl-malamic acid. 

-This com- 


Dlpbenjl-malamlde. Malanllide. 


,',o 

((C 


lo 

yjpoT 


pound is formed, together with phenyl-inalimide, by melting malic acid with aniline; 
20*11^ -f - 21PO - cni'^N’O’. 


Aniline. 


and. 


c:*irN + c‘H‘0» - ‘iif'-'o 


Diph«'nyl- 

rnatairildf-. 
Plu-nylmMlltnlde. 


Thenroduct treated several timea with boiling waliT, i» Halved into a nearly eolouiw 

leaa aolSion containing phonyl-malimide, and a ntrongly coloured n Kidno conaistin* 

eWefl^ of dlpCyl-malamide, which may la- obtained pure and colourle«. by cryatat 
liaation from boiline alcohol, with the aid of animal ehareoal. 

.Sea having a faint lustre; melt,, with partia deco,ni^.t.«n^ 
at 176°, and at a higher temperature Tolatilia<« for the moat part unalt<-red. When Mt 

arid. aa,nonin, and 

It difisolvM ako but SDaringly in alcohol and ethf^r. Strong aulphunc nad dwsolvea 
it with the aid of heat!^i<«c aotd diseolvcs it in the cold, forming a yeUow eolation* 
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When boiled with strong caustic potash, it dissolves and is for the most part deeom 
posed, a fatty substance rising to the surface of the liquid. On addition of wabT 
the semifluid portion is converted into a white insoluble powder, which mav l» 
complet^y freed from potash by washing with water. This powder dissolves with 
some dilflculty m alcohol, and crystallises therefrom in small crystalline groups and 
needles. It may be heated, without visible alteration, to 226°; molts at a hi<f'li..p 
temperature ; and if cautiously heated, yields a crystalline laminar sublimate, and leaves 
“ charcoal. This substance gives by analysis 64-17 per cent, carbon 

and 6-41 hydrogen; hence It appears to be tortramlidc. (Arppe ) 


C'‘H“N*0‘ == 2C‘H’N + C'lPO” - 2H-0; 


Phenyl-malimlde« Malanil. 


- Formed, together 


C«H* , 

C*«n»NO* = (CaPO-)"' 

H 1 

and aniline. Wt,on 

Ivin ^ d '''^“••‘tion for about two hours, a brow" 

syrup IS obtained, which solidifles on cooling, and when boiled with water vields a 
nearly colowle^ solution of phenyl-malimid.., and a coloured residue c^nta^uW 
diphenyl-malamido. The solution when evaporated yields phenyl-malimide in tlie 

^ niirifllf "'xed with diphenyl-malamide, from which it 

IS pnrtfled by digostioii in hot water, and filtration. The solution is then further 
by treatment with animal charcoal, and evaporated to the crystallising point 
delhlH n “““““ntrated aqueous .solution, phenyl-malimide separates on coiling in 
dehcito neollcs grouped together; also when its alcoholic solution is evaporaLl- 
sometimes, however, it forms nacreous laminse, and from a very dilute aqueous^solutioii 

iiV *’i‘ u’ rectangular prisms. l/mclts at 170°, and when 

heated between two watch-glas.se8, forms a slight mealy sublimate. It dissolves very 
abundantly in mwOt, rt/co/io/, and cMcr. n uissoiits icry 

of Immontom.'"”*^"’ i** converted into phenyl-malam to 

. It dissolves easily in the strongest miric acid, forming a deep re.l solution from 
which waUir throwB down a nearly colourless, indistinctly crystalline body probiblv 
mtro-phcnyl-malimide. accompanied by a resinous body which is very^difficliit to 

3S*yieldsfi7Se"'t/rtptr ‘'‘c solution ou 


Vbenyl-malamlo acid. Malanilio acid. C'”II"NO' = (C‘ICO*)’" 
acid IS obtained in the form of an ammonium-salt by boiling phenVl-maliin?de with 
ciptate, which, when mixed with a small quantity of water, and dec^mpotiTSi L 

acid^nd frl‘Z“ "wJine‘7^^^^^^^^ 

and may be purified by rec’iystallisation f/,m aTohol^'* T "sS I rt ^ 

phimc aeid os«l in the preparation converts the phenyl-malamfc acid fnto phcnvl- 

afalimido ; hence it is best to use rather less than the equivalent quantity ^ ^ 

■ The acid cryeta llisi-s in white, faintly lustrous granules, comp^od of very minute 
noedles, and scuircely attaiuing the size of a pin’s head; melts at 145° • has a very 

^rn’e^q.^'’! litmus, and decomposab carbonates; dissolves readily in wa(<T 

soiiiowhtit loss 111 cilcohot^ u.iid spariniHy m cMier Its s ilts nm oiu-. v ^ * 111 ’ 
their solubility in waW ^ ^ ^ distinguished by 

The solution of the ammonium-salt remains clear when TwiV^ri ;• .. 1 

is slightly cloudcKl by boiUng with 

m^toto soluble tn water; and with ,esguiM>Hde a/iron.i precipiJro? a C yeSo; 

daX*;wtp";"i^^^^^^^ nodules of a 

VhiMyUmalnmate of silver, C'®lI‘®AgNO‘ forms a whitfl nnArtiVifo* i • u 

“'“I into a solution of malic acid in ^alooborw 

.a« .p a. „ ..aju, .,riaSTili,w tj; 


-Thii 
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ownpound ether thus obtained still contains water and alcohol or wood-spirit, which 
may be removed by evajx)ration iu a vacuum. 

The neutral malates of ethyl and methyl are liquids which are soluble in wa^r, 
almost completely decompost^d by distillation, being converted into the corresponding 
fumaric others, and are converted into nialamide by ammonia. They jk)ssc»s optical 

roUtory power. - i , .1 i 1 

Ethyl- and Methyl- malic acids are always formed by the al^iove process simul- 
taneously with the neutral etliei*s. Their calcium-salts are soluble in alcohol. 

Amyl-malic acid, C‘lP(Cni'‘)0*. is obtained by prolonged heating of malic 
acid with amyl-alcohol to 120^. It forms a .syrup which crystaUises on cooling. 
(Breunlin.) 

KAXiOZXiB. Syn. with Oil of Apim.hs (i. o32 ; ii. 036). 

IkAXiOKZC ACZB. C='1I '0* -= jo’^ An acid discovered by Dos - 

saignes (Ann. Ch. Pharm. evil. 261), who obtained it by slowly oxidising malic 
acid with a cold solution of chromate of potassium: 

(PIPO^ + « CO^ +11-0 + 

Mnlic Malonic 

aciU. 

It is also produced, with evolurion of ammonia, by the action of alkalis on cyauacetio 
acid, or better on cyaiiacetic ether: 

2IDO 


Cyanacetic 
acid. 

C^}P(CN)(C'H')0'' 

Cyanacellc ether. 


NIP 


-h 31 PO - NIP 


C'lPO* 

Malonic 

acid. 

CMPO -f 

Alcohol. 


envo* 

Malonic 

arid. 


The solution obtained by lK)iling cyaiiacetic ether* wifli potash, forms with sulphate of 
copper, a green precipitate, which by decomposition with sulphydric acid, ami evaporation 
of the filtrate, yields malonic acid. (Hugo Muller, Chem. Hoc. J. xvii. lOW.) 

Malonic acid forms large rhoinlx)h«‘dral crystals, having a latninar structure. 
dissolves easily in waterm)^ alcohol, melts at MO® and decomposes at 160® into carbonic 

anhydride and acetic acid. , ^ i 

The malonatea have been but little examimMl. 1 he nmtral potasnum- ami tt/»- 
imnium^mlts are diPquescent and crystallise with .bfficulty; the acid ml in of the samo 
crystiilliHo ri'iidily. Th.' iHiriam- -.mi caMum-mtl^ ava crystiilliiio prijciinUt... 
«p..riiiKly soluble in cold wuter. Tli.' silvir-saH is i.it,olul,le i.n.l .irystulline ; llio toirf- 
is likewise insoluble. , , 

An acid called nicotic acid, obtainetl by Ilarral (Compt. rend. xxi. l'^*'}) 
tobacco, has the composition of malonic acid, and is probably identical theri'With. It 
erystallisi's in small scales, forms insolubk* lead- and silvtir-salts, and is resolved by 
heat into carlnmiC anhydride and acetic acid. 

MABT. Grain, chiefly barley, which has become sweet from the conve^rsioii of 
its starch into sugar, bv an incipient growth or germination artificially induced, calloa 
malting. (See Pkkk, l 527 ; also Un'S Diet, of ArL% &c. lu. 18) 

MAX.TBA. The mineral tallow of Kirwaii, sai<l to have >,een found on the 
of Finlaml. It rosembb* wax. Ita aiarilic gravity la n-77. 

Btaina pam r liko oil, mell-s with a m<..lcra-« h.-at, ami buriiH with a blao Hnm« alii 
much smoko. It dissolvos readily in oil, and impvrfovlly in hot alcohol. 
MAXiTBACXTB. See Montmokii.lonitk. , 

2IKA&T08B. This name is given by Dubrunfaut (Ann. Ch. Phys. 13] xxi. 
178), to the sugar produced from sUrch-paste by the action of malt or diaatuse. 
It resembles dl!xtro-kicose in crystalline form and most 

rotatory power is. according to Itnbr.infaut, lbre.< t.mes as gr-at as that of dexlm-glu- 
coae, aL not stronger in a^recently prepansl so ntion than aft.-r he 
boms (ii. 8S8). It%pears also U> be less easily alteis-d by alkalis. It is convirtid 
into dextro-glucose by boiling with dilute sulphuric acid. 

MAircnrZTS. A brown mineral from Mancino, near Leghorn, 
cording Jacquot (Ann. Min. |3] xix. 703), of ’ 

It is pfumoso and shining, with two unequal cleavages inclined to one another at 92". 

^ Acn». Formo-hrnzoilic acid, C>*H'«0*.-Tliis acid, which con- 

• Tke cranscetic ether wm pt,t,la«l b, the Ktloa of ehlaravellc ether on cranMe of potM.t«B., or of 
iodiiertic etlirr on cyanide of *iUcr. 
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tains the elements of bitter almond oil and formic acid, C'*H‘*0* = 2C^II«0 
-f and is related to benzoic acid (so far at least as composition is concernod) 

in the same manner as lactic to acetic acid, was discovered by Winckler (Ann. Cli 
Ph^ra. xviii. 310), who obtained it by heating bitter almond water with hydrochloric 
acid, the hydrocyanic acid contiiined in the liquid being then resolved into ammonia 
and formic acid, which, at the moment Of its formation, unites with the bitter almoiul 
oil (Liebig, Ann. Ch. Pharra. xviii. 30). It is also produced by the action of 
fuming sulphuric acid on bitter almond oil (Laurent, Ann. Ch. Phys. [2], Ixv 
202), and by heating amygdalin with fuming hydrochloric acid. (Wohler. Ann Cli* 
Pharm. Ixvi. 238.) v » • . 

Bitter almond water -obtained by distilling 80 oz. of bitter almond 
paste with 90 lbs. of water till 160 oz. have passed over, then taking 80 oz. of this 
liquid, and shalung up the distillate with the bitter almond oil— is mixed with 4 oz. of 
hydrochloric acid of specific gravity 1 12, and evaporated to dryness over the Wifter- 
bath, till all the hydrochloric acid is expelled. The yellowish crystalline residue 
smelling slightly of bitter alnumds, leaves pure sal-ammoniac when treated with cold 
ether ; and the ethereal solution yields by spontaneous evaporation a slightly yellow 
crystalline mass, which, when treated with water, leaves a resinous floccubmt body 
having the odour of bitter almonds. The Jiqueons solution is transparent and colour- 
lees, and contains pure mandelic acid, which crystallises on evaporation (Winckler). 

W^hen bitter almond oil is treated wit.li one-third of its volume of fuming sul- 
phuric acid, heat is evolved, the liquid becomes brown and thick, and solidifies in a 
compact mass on cooling. The mass, when treated with water, yields an upper semi- 
solid layer containing undecomposed bitter almond oil and stilbylous acid, and a lower 
layer containing mandelic acid and exee.s.s of sulphuric acid ; the mandelic acid crys- 
tallises from the latter on cooling (Laurent).- 3. A solution of amygdalin in- 
hydrochloric acid is evaporated over the water-bath, and the .‘syrupy mass treated with 
ether, which dissolves the mandelic acid. On evaporating the solution, the mandelic 
acid crystallises. ( W 6 h 1 e r, L i e b i g. ) 

Prqpcrto.—Mandelic acid forms a scaly crystalline mass (Winckler). It crys- 
tallises sometimes in rhombic needles, sometimes in rliomboidal plat(*s, frequently 
having their acute angles truncated (La nr«*nt) ; in plates belonging to the rhombic 
system (J. Heusser, Pogg. Ann. xciv. 6.37). It has a very faint odour of sweet 
almonds, and a strong acid taste, with a somewhat styjitic after-tastin It melts easily, 
with loss of water, into a yellow oil, which, on cooling, solidifies to a translucent gum 
(Winckler). When a solution of mandelic acid in strong hydrochloric acid is eva- 
porated at a temp(Tature above 100 it becomes amorphous, and aft(*rwards forms a 
solution with a small quantity of water, but is precipitated by a larger quantity in the 
form of a heavy ycdlowish oil (Wohler). The acid is very soluble in water. edeohoL 
and ether. 

Decompomti07is. The acid, heated above its melting point, diffuses an agreeable 
odour, recalling those of white-thorn blossoms, hyacinth, and gum b(*nzoi'n. Heated 
in a distillatory apparatus to a temperature short of carbonisation, it is converted into 
a dark brown, resinous, balsamic mass, which dissolves sparingly in water, but readily 
in ) Ikalis and in alcohol. A large quantity of bitter almond oil passes over at tho 
same time. The acid bums with a red, smoky flame, leaving a bulky, easily combus- 
tible charcoal (Winckler). When it is boiled with nev'e/, as long as nitrous 
fumes continue to escape, the formic acid is (i«‘cornposed, and the bitter almond oil 
is converted into benzoic acid, which crystallises on addition of water (Liebig). 
When chlorine, gas is passed through anf^ueous solution of mandelic acid, an oil 
smelling like chloride of benzoyl separates tft first ; and if potash be then iiddod, and 
the passage of the chlorine continued till this oil has completely disappeared, the solu- 
tion, when subsequently treated with acid, gives off carbonic anhydride and deposits 
benzoic acid in the form of a crystalline mjigma (Liebig). The acid dissolves in oil 
of vitriol, and the ^lution, when gently heated, gives off carbonic oxide (Liebig). 
The aqueous solution, boiled with peroxide of manganese, yields carbonic anhydride 
nnd bitt(*r almond oil. (Liebig.) 

Man delates. — The acid neutralises bases completely, and expels c&rbonic acid 
from its compounds. (Winckler.) 

Mandelatc oj Ammonium . — This salt is obtained by slightly supersaturating the 
aqueous acid witli ammonia, and leaving the solution to evaporate. It is very difficult 
to crystallise, and generally forms a yellowish- white mass. It has a very mild taste. 
When heated, it decomposes in the siime manner as the free acid. It dissolves in the 
smallest quantity of water, and reailily in alcohol. (Winckler.) 

Manddate of Barium, obtained by decomposing carlK)nate of barium with mandelie 
acid, ciystallises readily in small, tolerably hard needles. It is much less scduble 
in water than the potassium-salt. (Winckler.) 
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Mandelate of Copper.-^A solution of sulphate of copper, precipitated by mandolata 
of Dotasaium, yields a fine light-blue powder, which, when heated, gives off a large 
quantity of bitter almond oil. 

' Mandelate of Lead is precipitated as a white, finely erj'stalhne powder, on adding 
mandelate of potassium to neutral acetate of lead. When heated, it behaves like the 
copper-salt. It is scarcely soluble in water. (W i uckler.) 

Mandelate of Magnesium cryst allises readily. (W i n c k 1 e r.) 

Me^'curic Mandelate is obtained by pnH'ipitating mercuric nitrate with mandelate of 
potassium. Its reactions closely resemble tho.se of the copper-salt. (Winckler.) 

Mandelate of ri>tassium.~()h\A\raA by nearly neutralising carlwnate of potassiura 
with the aqueous acid, evaporating to dryness, <‘xhau.sting the dry ma.ss with alcohol, 
and leaving the aleoholic solution to evuj>or»iU‘. It i.s a white, soil, easily friable, 
soapy moss, having a very inihl, seareoly saline taste, faintly resembling that of sweet 
alfhonds. It decomposes like the fret* aeld when h<*iited, takes fire easily and burns 
away completely, leaving pure carboimtt* of pota.ssiuiu. It dissolves very readily m 
water and alcohol. (Winckler.) 

Mandelate of Silver, obtaintd by prt'cipitatiiig nitrate of silver with neutral roanclo- 
lato of potassium, forms a white. h.‘avy. crystalline powder, easy to wash. From its 
aqueous solution saturatedat the boiling Inait, it separateH in ratht*r hard crystals having 
a slight yellowish colour. It melts at a somewhat high temp, ratun^ into a dark raa8^ 
and yields the same products of dt‘eomposition as the acid, leaving metallic silver. 
(Winckler.) 


MAKOAIff- AMPBZBOX.il. See Rhodonith. 

H iwct Aiff USB. iSynonymes. Ma)igane}<e, Mangan, Mangadium. S 3 nnbol, Mn; 

Atomic Weight ftf). ^ i i i i i 

History Black oxide of manganese, a substance long usckI to decolorise glass, nml 

CHlledw/ow^^vrt^</ 7 r./,fromits resemblance to loadstone.was formerly included among 
the ores of iron. It w'a.s, how'ever, proved by the reseur.’lics of Rot t in 1740, of Kaiiii 
and Winterl in 1770, and of Seheele and Bergmann in 1774, th.it the metal contaimnl 
in this minorjil is distinct from iron, and possess.'s eharacb'rs peculiar to itself, I no 
niKnl itself was first eliminaUHl by Gab n. Clnwillot and Rdwanls, in 1818, pointed 
out that mineral chameleon^ a sul^stanee discov.‘n‘d some eonsi(le*rab e time before- 
contained a peculiar acid of mangam*se. Forehhainmer, in 1820, distiiignished two 
acids ofmangane.se ; and Mitscherlieh, in 1832. fully eonflrnied the distincti.m. 

Mangam so occurs ehieily in the form of piToxidc*, known as black oxide of man^- 
ncse; also as manganic and manga no.so-manganic oxide : as Hulphide, carbonate, sili- 
cate and titanate • in small .piantities also, as colouring matter in many siliceous mineral# 
and hi very minute quantity in the ashes of plants and in the bones of animals 

Preparation of I hi metaL~l. Hydrogen and charcoal at a red heat reduce the supe- 
rior oxides of manganese to pn.toxide, but do not eliminate the metal ; but at awhita 
heat charc-oal deprives the metal of the whole of its oxygen. J he following process, 
recommended bv John {Gehhms Journal fur Cherme. vnd Phymk, m. M com- 

monly used for the reduction of manganese. A finely-divided oxide of manganese, 
obtained by calcining the carbonate in a well-cloHnl vessel, is mixed with oil and 
in a covered crucibh- so as to convert the oil into charcoal. After Hev<*ral repc-titioiw 
of this treatment, the carbonaceous mass is reduced to powder, and made into a firm 
paste by kneading it with a little oil. Finally this pasle^ ,s introduced ^ ^ 0 

lined wfth charcoal {creuset hrasyve, p. 388). the nnoeeupied portion of wh ch is fill d up 
with charcoal ixiwder. The crucible is first luN'iled merely tn redness for half nn hour, to 
dry th« mass !ind dcoompee the oil. »l>er which its cover 18 caroftilly )ut«l down and 
it i exposed for an honr and a half to th- n.oat vi.dcnt heat ‘ J® 

crucible itself can Bupport without undergoing fuaion. le m< a o , ■ 

form of a serai-globular mass or button in the lower part of the crucible, but not quit# 
pure, as it I'ontalns traces of carbon and silicium derived from 1 

Vy igniting the metal a second time in a chatwal (rncible, with a jiortion <'f 
.T^n obtofned it more fusible and brilliant, and so free from carbon that it left no 

‘’“nfu^neTf" vZrl S.W: Jaliresb. 1857, p. 201) obUins -nj^ 
nese by reducing the chloride or fluoride with sodium in a manner similar to Dp die » 
pioceJ for the^reduction of aluminium: .,2 pta. P' “XSure is weli 

cidoridt of Sm'" the whok is placed a layer of 

pressed, and <=0''*^ "IveL^^nk). The crucible, with the cover on. i. 
flnor.«Mr m & gentry, then when the commencement of the «tion 

L‘r.£a r/.‘SS S'- 

aU the ajartures of the furnace are closed, and the whole is left to cool. U the heat 
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has been strong enough, the manganese is found in a fused mass at the bottom of the 
crucible ; if not, it must be heated again under a layer of chloride of sodium or potas- 
sium, mixed with of nitre (borax attacks it too strongly). 

$. Instead of fluoride of manganese, a mixture of equal parts of chloride of manga- 
nese and flnely-pulverised fluor-spar may be used, and reduced with sodium in the 
manner above described. 

Manganese may be obtained in the pulverulent state by heating its amalgam (p. 802) 
in a tube flllod with vapour of rock-oil. (Giles.) 

Properties. — Manganese, obtained by reduction of either of its oxides with charcoal, 
is a greyish-white metal having the aspect of cast iron, very soft and brittle, with a 
fine-grained stnicture, and is easily split. Specifle gravity 8-()13 (John). Feebly 
magnetic. Melts only at the strongest heat of a blast furnace. It oxidises quickly 
when exposed to the air, and must, therefore, be kept under rock-oil, or in sealed tube s. 
It decomposes water slowly at ordinary temperatures, and dissolves easily, with ev^u- 
tion of hydrogen, in hydrochloric or dilute sulphuric acid. It does not reduce any 
simple metallic salts, except the salts of silver and gold, and even then the reduction 
is very slight. 

The metal obtained fk>m the chloride or fluoride by Brunner’s process, has also the 
aspect of cast iron, and is very brittle, but it is not magnetic [?what power was used 
in testing it] ; has a specific gravity of only 7138 to 7-206 ; is hard enough to scratch 
and cut glass like a diamond ; may be polished ; and does not tarnish, even in moist 
air, at ordinary temperatures ; when heated on platinum-foil, it becomes coloured like 
steel, and covered with a brown film of oxide. Under water, it oxidises slowly at 
. ordinary temperatures, more quickly at the boiling licat, with scarcely perceptible 
evolution of hydrogen. When immersed in strong sulphuric acid, it eliminates but a 
small quantity of hydrogen at ordinary temperatures, but dissolves when heated, with 
evolution of sulphurous anhydride. In dilute sulphuric acid it dissolves readily, even 
at ordinary temperatures ; also in nitric acid, in very dilute hydrochloric acid, and in 
acetic acid. 

H. Deville (Compt. rend. xliv. 673) attributes the dilferenccs between the manga- 
nese prepared by Brunner’s method, and that obtained by reducing either of the oxides 
with charcoal, to the presence, in the former, of impurities dc'rived from the rock-oil 
adhering to the sodium, and to silicium from the fluor-spar. Wbhh'r found, indeed, 
that Brunner’s manganese, when dissolved in hydrochloric acid, left a not inconsider- 
able residue of hydrated oxide of silicium ; and Brunner himself afterwards found 
that this residue, from 12 samples obtained in different preparations, varied from Ifi 
to 6*8 per cent. By fusing the coarsely -pulverised metal with twice its weight of 
chloride of sodium containing 1 per cent, of chlorate of potassium, the quantity of 
silicium could be reduced to 01 percent.; but Brunner did not find that this reduction 
in the proportion of the silicium made any difference in the colour, fusibility, hardness, 
or lustre of the metal. (See Manoanksk, Siliciuk of.) 

Manganese enters as a base into two classcsof compounds, namely, the manganous 
compounds, in which it is bivalent, and the manganic compounds, in which it is 
trivalont. It likewise enters as an acid-radicle into two classes of salts, the manga- 
natos and permanganates. Examples of these compounds are given in the following 


table:— 

Manganous chloride . . MnCB *= . 65 -»- 2 . 35-5 •= 126 

Manganous oxide . . . MnO m 65 -f 16 -71 

Manganic chloride . . . Mn'^Cl*^ 2 . 56 -i- 6 . 36*5 « 323-0 

Manganic oxide . , . Mn*0* '= 2 . 56 -t- 3 . 16 « 168 

Manganate of potassium MnK*0< = 66 + 2 . 39 2 + 4 . 16 =« 197*4 

Permanganate of potassium Mn*K*0® = 2 . 55 -i- 2 . 39*2 + 8.16 = 316'4 


Manganese also combines with chlorous elements in other proportions, e.a. the 
peroxide = MnO*. 

MAXrOAWBSB, AXiliOTS OB. The compounds of manganese with other 
metals are not of much importance. It unites with cobalt, nickel, copper (ii. 43), 
iron (iii. 368), and gold, forming white, brittle, and very refractory alloys. 

An alloy of manganese and aluminium, MnAl*, is obtained by melting together 
to pts. anhydrous chloride of manganese, 30 pts. of a mixture of the chlorides of 
potassium and sodium in atomic proportions, and 15 pts. aluminium, and treating the 
resulting regulus with dilute hydrochloric acid. It forms a dark grey crystalline 
powder, of specific gravity 3*402, insoluble in cold, but easily soluble in hot concen- 
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nitric acid ; also, in concentrated hydrochloric acid ; it is decompo8ed.by caustic 
soda-ley* even when dilute, the aluminium dissolving out. (Wohler, Ann. Ch. Pharm. 

An Salaam of manganese is obtained by reducing a solution of the chloride with 
sodium-wnalgam. (Giles, Phil. Mag. [4] xxiv. 328.) 

wUkMOJknMBMn AMBVNXOM OF, Mn*As’.— This compound occurs as a 
natural mineral. Arsenical manganese or Kaneite, in botryoidal masses, or amorphous 
with foliated or granular structure. Specific gravity fi-66. Hawl. Qrt>yish-white. 
Becomes covered with a blackish- grey powdt'r when exposed to tlio air. Molts on 
nlatinum-foil, and combines with the platinum. Ikdore the blowpipe, it burns with a 
blue flame, garlic odour, and emission of white fumes of arsenious anhydride. It 
dissolves completolv in iiitTomuriatic acid, and in a largo quantity of nitric acid. Con- 
mi*, according to Kane’s analysis (Pogg. Ann. xix. 146), 4ft*5 per 
61-8 arsenic, and a trace of manganese (=»97‘3), the formula requiring 42 76 Mn and 
67*26 As. The specimen examined was supposed to lie from Saxony. 

BROMXBB OP. MnHr*.— The anhydrous bromide is obtaine<l 
AH a Dale red fusod’mass, by heating the pulverised metal in bromiiie-vapmir. By 
dissolving the carbonate in hydrobromic acid and evaporating, the hydrated bromide, 
MnBr*.4n*0 is obtained in small, rod, deliquescent needles, isomorphoiis with the 
ordinal form of hydratetl manganous chloride (Marignac, see p 804). The crystals, 
when carefully heated in a close vessel, give off their water ot crystallisation, and 
leave tho anh^^us bromide; and this, when ignited in contact with the “’r. gives 
off bromine-vapour, and leaves manganoso-manganic oxide. It is dccompom>d by 
Hulohuric acid, the bromine going off partly in the free st4ito, partly as hydrobromic 
acid. (Lb wig.) 

MAVOAWSBB, CHBORIBBS OF — a. Manganoy Chloride, 

This compound is formed by direct combination, the flnely-dividwl moUl biking 

fire when thrown into chlorine gas. It is also produced by ^ 

ohloric acid gas over manganous carbonate or the red 

afterwards to low redness, tho process being continued till the gas is 

absorbwl, and tho product forms a clear, colourless liquid. Ihe 

fully excluded during the whole of tho reaction; the mass must be loft to cwl in 

tli(‘ ^current of hydn^hloric acid; and tho oxce.ss of tho bitter finally expelled by a 

'‘'SigaUYs cLride obUinod by this process, or by the hydra^ chlo^^^^^^ 

is a pido rose-coloured mass, hiiving a lainino-crystalline structure. 

H. IbL, it may bo obtained in yellow crystals, by 

itrnitcid mixture of manganous oxide and charcoal ; also, by exposing a ni'xtiire of th® 
|K-n>xi.lo with HJil-ammoniiic to a gradually incn«iHing h<«t. *’‘“'8'“'™" 

1« an oily liquid at a dull red heat, but doea not volat. lae at “* 

inelline point of glass. It is not decompose.! by heat alone, f a.r be excluded, but 
wbeu ■|n‘?ted in moist air. it gives off hydrochloric aoi.l, and '“Y™ 
minic oxide Hydrogen gae does not act upon it at a rwl heat, but 
docomiioscslt, forming phosphide of mnnpinese 
h«ite.l with sulphur, it is mrtly convertcl into sulphide of manganoso. When umur 
is poured up^ho anhydrous chloride, it bcsjorncs hot, and dissolves very easily. It 

'hudr^id rUnride MnCl’ 4U’0 The protoxide and carbonate of man(!?ineso 

it may, after pn>por purification, do aovan h, Tht* iron which is 

chloride and thencp of the to ’expel the 

the chief impurity, may be rcmo\efI oy j, . ... cartKinate of 

excess of »ci5, afterwards diluting with water. ; boding ««a.n^w.th »r^ 

manganose, which salt p^ipitaUw one-fourth of the impure solution 

chloride of manganeso with it* amd. e'rlKinate of sodium, a 

of chloride of manganese bo ’ . ^btainwl which^is sufficient to precipitate 

qoanUt, of carWte of it^d and m^y be used for that puVporii 

the iron ^ the other thre^fo^s o^h i ^ ,„,pHrated by evaporating the 

whiten TdryneL. beating the residue to low redne« in a 
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crucible, as long as hydrochloric acid continues to escape ; then learing it to cool ex- 
hausting with boiling water, and filtering. The hydrated chloride of iron is resolved 
by the heat into hydrochloric acid and sesquioxide, while the chloride of manganese 
remains unaltered, and is e^ily dissolved out by water, all the iron remaining behind 
(E yeritt, Phil. Mag. [3] vi. 493\ Chloride of manganese, when free from iron, is pre- 
cipitated white, without any shade of blue, by ferrocyanide of potassium, and of a pure 
flesh-red colour, by sulphide of ammonium : the latter test is the most delicate, the 
lightest trace of iron imparting a perceptible blackness to the precipitated sulphide 
By precipitating the whole of the solution with sulphide of ammonium, the manganese 
may be freed from barium, calcium, and other impurities present. If copper is present, 
it must be removed by sulphydric acid, before precipitating with sulphide of ammonium 
The solution of chloride of manganese, obtained by either of these processes, yields 
by cooling, or by spontaneous evaporation, between 15^ and 20°, crystals of the hydrated 
chlonde having the composition alwve indicated. They are monoclinic, but the deter- 
minations of their form by different observes do not agree. According to 
Schabus {Beschreihung der KryataUgestallen, &c.), they exhibit the combination 
• C *1*®® ] • [Poo ]. Ratio of clinodiagonal, orthodiagonal, and principal axis 
« 0-41()l : 1 ; 0*8331. Angle of inclined axes *= 54® 50'; ooP : ooP in the clino- 
dia^nal principal section =» 142® 56'; [Poo] ; [Poo] = 111® 20'. But, according 
to Rammelsberg {KrystallographiscJte. Chernie, p. 45), and Marignac (Becherchfs 
sur Us Jlwmen crystallins de qudqiws composes chimiqiics, Geneve, 1855; Compt. 
rend. xlii. 288), the clinod., orthod., and principal axis, are to one another as 
1*1525 : 1 : 06445, and the angle of the inclined axes is 80® 35'. Angle ooP ; ooP 
in the clinodiagonal principal section = 82° 40'; [Poo] ; [Pjo] = 115° /*,' ; 
ooPoo ; [Poo] *» 97° 15'.~Marignac has since found (Compt. rend. xlv. 650), that, 
crystals of the same composition, but of different form, isomorphous with those of 
liydrated ferrous chloride, FeC1^4H20, are sometimes obUiinod M'hon a solution of 
manganous chloride, supersaturated by evaporation at a high temperature, is loft to 
stand for some time at a temperature between 0 and + 6° in a vessel covered with bibu- 
lous paper. These crystals are also monoclinic, but the angle of their inclined axes is 
69® 14'. They exhibit the combination OP . + P . -P . [^poo ]. Anglo ' + P : + P in 
the clinodiagonal principal section == 86° 0' ; -P ; _ p in the same = 1()5» 36' ; + P : 
— P in the orthodiagonal principal section = 103° 59' : oP : + P = 1030 30'- oP ; 
-P B. 126® 30 ; oP : [P’qo] = 142° 30'. Hydrated manganous chhu’ido is therefore 
dimorphous. It must bo observed, however, that the crystals last described ai-e of 
rare occurrence, the solution, oven when evaporated under the iwculiar circumstances 
just mentioned, generally yielding the ordinary crystals previously described according 
the determinations of Marignac and Rammelsberg. As the crystals measured l)y 
Schabus are decidedly different from both, it is probable that ho examined a different 
hydrate. 

The crystals (MnC1^.4lI"0) placed over oil of vitriol, either in vacuo or in a 
receiver containing air, lose 2 at. water at ordinary temperatures (Graham). At 25 
they become white and opaque (John); between 25® and 37 ® they give off hygro- 
scopic water with decrepitation, and become hard; at 37*6® they become tough* at 
50® semi-fluid; and at 87-6 they form a mobile liquid, which boils at 106®. If ’the 
mass be kept for some time at a temperature near 100®, it gives off 28 per cent. (3 at.) 
of water, and leaves a white powder, which retains 1 at. water. (Brandes.) 

Both the anhydrous and the hydrated chloride deliquesce rapidly in the air, one 
part of the crystals absorbing 1*2 parts of, water. One part of the crystallised salt 
dissolves at 10® in 0*66 parts; at 31*25® in <1*37 ; and at 62*6, 87*6® and 106®, equally 
in 0*16 parts of water (Brandes). The Solution has a light rose colour, and thin, 
syrupy consistence. 

The salt dissolves readilv in alcohol, but is insoluble in ether and oil of turpentine. 
The alcoholic solution of the hydrated salt is green, and yields on cooling colourless 
cryst^s, still containing 4 at. water. The anhydrous chloride, dissolved to saturation 
in boiling absolute alcohol, crystallises out on cooling, and the remaining solution eva- 
porated in vacuo yields an additional quantity of crystals, containing 0*4 of their 
weight of alcohol. 

^ A solution of manganous chloride is not altered by passing chlorine through it ; but 
if chloride of potassium, chloride of barium, &c., be added at the same time, a precipi- 
tate of hydrated peroxide of manganese is formed (Sobreroand Selmi, Ann. Ch. 
Phys. [3] xxtix. 161). According to Millon (Jahresb. 1849, p. 264), the same 
obdation is produced by chlorine water which has been exposed to sun-ljght, and 
therefore contains hydrochloric and hypochlorous acids. 

Mangasous chlori'de forms two crystalline double salts with chloride of ammonium 
One of these, MnCF.2NH«CI, forms cubical crystals containing 1 at. water according to 
fCaramelsbeig, and 2 at. according to v. Hauer. The crystals when ignited leave nfan- 
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gHnoao-manganic oxide in microscopic pyramids resembling hansmannite. The other 
double salt, MnCl*.NH<C1.2IPO, forms monoclinic crystals (Hants). Solution of 
m.inganous chloride containing chloride of ammonium ^olds, on addition of ammonia 
and exposure to the air, a precipitate of hydrated manganoso-manganic oxide. 
(Otto ) 

A compound of mavgatwua chloride and mercuric cyanide^ MnCl*.2IlgCy’^.6n*0, is 
obtained, by spontaneous evaporation of a solution containing the two suits in atomic 
pniportion, in colourless four-sided prisms, which eftloresce quickly in the air, and are 
Tory soluble in water. (Poggialo.) 

0. Manganic Chloride, Mn’-'Cl*, is not known in the solid state, but when finely 
divided manganoso-manganic or mangiinic oxide is added by small portbms at a time, 
in onler to avoid rise of temperature, to cold concentraUd aqueous hydrochloric acid, 
a bn>wn solution is fornuMl, which slowly lMH*omos colourlciss at onlinary temperatures, 
nn(> more rapidlpr when heafid or exposeil to sunshine— chlorine being evolved and 
inangiinous chloride produced : hence the solution dissolves motnls as remlily as chlorine- 
water. It likewise converts sulphurous and sulphydric acids it>to sulphuric, and tartaric 
into carlnmic acid. The addition of water in largo (luantities precipitates inangiinic 
oxide, and gives rise to the formation of manganous chloride. (Forchhaminer.) 

When chlorine is passed into a solution of 1 pt. manganous chloride in 19 pts. water 
cwled to -I- 6®, the liquid gradually solidifies to a yellow crystalliim mass which, how- 
ever, molts for the most part, on slight rise of temperature (.1 oh n). The crystals 
thus obtained deliquesce very readily in the air, and are decomposiHl by gentle heliting, 
just like the soluton of mangjinous oxide in hydrochloric acid. 

y. Perchloride of Man gone When sulphuric iu?id is added to a green 

solution of potassic manganate till the liquid turns red ; the solution then evaj)orHtcd to 
dryness; the residue, consisting of sulphate and j»erinunganate of potassium, dissolved 
in strong sulphuric acid ; the solution inlroduc<d into a tubulated retort; and fragments 
of fused chloride of sodium added as long fis coloure<l vapours are evolved,— -the copper- 
coloured or green vapours which distil over, coinlense entirely in a tub(‘ attached to the 
retort and cooled down to — 16® or — 20®, forming a greenish-brown liquid. The 
vapours, whert brought in contact with moist air in a wide tube, produce a dense rose- 
coloured cloud, and form on the sides of the tube, with evolution of hydrochloric acid, a 
de|) 08 it of purple-red permanganic acid (Dumas, Ann. Ch. Phys. [2] xxxvi. 81). 
IT. Rose regards this compound as probably analogous to the chromate of trichloride of 
chromium. 

MAXrOAimsib CTAirXBSS or. See Cyanides (ii. 263). 

MAirOAirSBB, DBTBCTZOMT ABB SaTZMATZOB OF.— 1. Jieaotiona 

in the Dry Way. All com|>oundH of manganese, heated with borax or phosphorus- 
salt in the outer blow-pipe fiaine, form an niuethystcoloured bead containing man- 
ganoso-manganic oxide, which becomes colourless in the inner fiame by reduction of 
that compound to manganous oxide. This reaction, when not disguised by the pre- 
sence of other metals forming coloured beads, is extremely delicate, and serves to 
distinguish manganese from all other metals. Another reuelion, equally characteristic, 
even more delicate, and not likely to be interfered with by the presence of other 
metals, is obtained by heating the sulistance under examination with two or three 
times its weightof carbonate of sodium and a little nitre, on platinum-foil in the outer 
blow-pipe flame. The smallest trace of manganese? will then he indicated by the 
formation of green manganate of sodium. The best way of applying the heat is to 
direct, the hottest part of the flame on the under side of the platinum-foil immediately 
beneath the mixture. In testing for traces of manganese in ores which are rich in 
iron, it is best to treat them with nitric acid, which diswdves the injii as ferric-salt; 
nearly saturate the solution with carlxmate of Ho<lium, and j)recipi(4ite the ihin with 
acetate of sodium ; then saturate the filtrate with ammonia, add one dnjp of sulphide 
of ammonium, and test the precipitated sulphide by fusion with nitre and carbonate 
of sodium, as above. 

2. lieactions in Solution.— a. Of Manganous Sal in. — These salts have a pale 
rose tint, which is not destroyed by .sulphunms or hydrochloric acid, and must there- 
fore be considered as characteristic. When the solution is colourless, as is sometime* 
the case, the fact is explained, according to Odrgeo, by the presence of a salt of iron, 
nickel, or copper, the green or blue tint of the bitter metals producing a white or 
»«wooly perceptible violet tint, when combined with the rose colour of a manganoua 
salt. 

StUphydrie acid forms no precipitate in neutral solutions of manganous salts eon- 
taming any of the stronger acids. In a neutral solution of the i^tato, a flesh- 
.eolottred procipitate is formed after some time ; but not if the solution contains tree 
ecetie acid. Sulphide of ammonium forms, in neutral s(»lutions of manganous salts, ft 
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flesh-coloured of hydrated sulphide of manganese, insoluble in exce^ of 

sulphide ammonium, but readily soluble in acids. When exposed to the air, it 
turns brown oi^tho surface^ from oxidation. This reaction is quite characteristic, no 
other metal giving anything like it ; a very small trace of iron or cobalt, however, 
colours the precipitate black. 

Cavstio (Ukalia^ added to solutions of manganous salts, throw down the protoxide 
of manganese in the form of a white hydrate, which soon absorbs oxygen from the 
air, and becomes brown ; when collected on a filter and washed, it ultimately changes 
into a blackish-brown powder, which is the hydrate of the sesquibxide. A simiUr 
change is instantaneously produced by the action of chlorine-water u^n the white 
hydrate, or by the addition of chloride of lime to a salt of the protoxide of manga- 
nese; but then the hydrated peroxide is formed. precipitates the white 

hydrate from neutral manganous solutions ; in solutions containing free acid or ammo- 
niacal salts, it gives no precipitate ; but if sufficient ammonia is added, the solution, 
on exposure to the air, gradually deposits all the manganese as brown sesquihydrate. 
The alkaline nwnocarbonatea precipitate white carlxjnato of manganese, which does 
not turn brown in the air, and dissolves sparingly in a cold solution of sal-ammoniae. 
Acid carbonate of potassium precipitates a strong solution immediately, and renders a 
dilute solution slightly turbid ; but if the solution contains a free acid, so that an 
excess of carbonic acid is set free, no precipitate is formed. The earthy carbonates 
do not precipitate manganous salts. Alkaline phosphates, arsenates, and oxalates give 
white precipitates. 

Ferrocyanide of potassium forms in neutral solutions of manganous salts, a white 
precipitate, having a tinge of red, and soluble in free acids. Ferricyanideof potassium 
forms a reddish precipitate, insoluble in acids. 

The least trace of a manganous salt may be detected by heating the solution with a 
little dioxides of lead (or red lead), and nitric acid, when an intense purple-red colour 
is produced, owing to the formation of perman^nic acid, or, according to H. Rose, of 
manganic oxide. The colour is readily perceptible when the excess of lead-oxido has 
subsided. This is the most delicate test for manganese in the wet way. (W. Crum.) 

All compounds of manganese, after boiling with hydrochloric acid, exhibit the re- 
.actions of manganous salts. , . , , . , 

Of Manganic Solutions of manganic salts are red, and yield with potash 

a black precipitate of manganic hydrate, unless chloride of ammonium is present, in 
which case no precipitate is formed. They arc very unstable, being reduced to man- 
ganous salts merely by heating, also by hydrochloric, 8 ulphy>rou 8 , or nitrous acid, or 
any organic compound, the liquid then becoming colourless. Sulphide of ammonium 
reduces them to manganous salts, and then precipitates the fiesh-coloured sulphide. 

7. Of ManganaUs,—Tae^ manganates of the alkali-metals are soluble in water, 
forming green solutions, which, however, are very unstable, quickly turning red on 
exposure to the air, from formation of permanganic acid, and depositing the brown 
hydrated peroxide; this change is retarded by the presence of excess of alkali. 
Nitric, sulphuric, or hydrochlorie acid, effects the change at once ; with hydrochloric 
acid, tlio red solution gradually becomes brown, and, when heated, colourless, owing 
to the formation of manganous chloride. The solution is also decolorised by sidphu- 
rous and sxdphydric adds, and other reducing agents. 

5 . Of Permanganates. — The alkaline permanganates form solutions of a deep 
purple-rod colour. They are very easily reduced by organic compounds, and by all 
reducing agents (e. g. hydrochloric, sulphurous, arsenious, nitrous, and sxdphydric adds, 
ferrous salts, stannous salts, &c.), the ^lution first becoming green and ultimately 
colourless. 1 ‘ 

3 . Quantitative Estimation and Separation, — The usual method of pre- 
cipitating manganese from the solution of a manganous salt, is to add ^rbonate of 
smlium at the boiling heat. The precipitated carbonate of manganese is then well 
washed with boiling water, and calcined at a strong red heat, whereby it is converted 
into manganoso-manganic oxide, Mn* 0 *, containing 72’11 per cent, of manganese. If 
tlie solution contains a considerable quantity of ammoniacal salts, it must be evaporated, 
after mixing it with excess of carbonate of sodium, and the soluble salts dissolved out 
of the residue by water. 

From the metak of Group I. (i. 217), manganese is separated by the non-precipita- 
tion of its sulphide from an acid solution by sulphydnc acid. Its separation from the 
metals of Group II., which, like manganese itself, are precipitated by sulphide of ammo- 
nium and not by sulphydric acid, is more difficult. 

’ The methods of separating manganese from iron hare been already given nnd^ 
Iron (p. 386). The best is to precipitate the iron (previously brought into the feme 
state b]^ succinate or benzoate of ammonium) from a solution carefully neutralised with 
ammonia. 
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Fiom cobalt^ nickel, and sine, man^ese may be separated bv misung the aoln- 
tion with acetate of sodium, and saturating with a«tVl which throws 

down the other metals, leaving the manganese in solution. In the case of cobalt and 
nickel, the solution must not contain much free acid. The separation thus effected is 
not very complete at first, but it may be pondered almost absolute by repeating the 
pn>c66S two or three times. Other methods of separating manganese from cobalt are 
given under Cobalt (l 1046). One of the best is that which consists in converting 
the two metals into chlorides, and igniting them in a stream of ht/dr^en, which reduces 
the cobalt, and leaves the chloride of manganese undecomposed. CHio same mcthoilB 
may be used for separating manganese from nickel. 

From uranium, manganese is sepjirated by precipitating that metal as uranic oxido 
by means of carbonate of barium, which leaves all the manganese in solution. For the 
BeiMTOtion from chromium, see i. 915. 

F^kim the metals which are precipitated by sulphide of ammonium from their neutral 
solutions as hydrates, viz. those of the earths proper, also cerium, lanthanum, 
and didymium, manganese may bo separated by mixing the solution with a sufficient 
quantity of tartaric acid to prevent the precipitation of those metals by an alkali, 
then adding excess of ammonia, and precipitating the mungam^so by sulpnide (\f am- 
moniuin. 

From yttrium, thorium, zirconium, cerium, lanthanum, and didy- 
mium it may also be separated by pr<‘cipitating those metals with o,ralate of 
ammonium, after adding sal-ammoniac to n*tain the manganose in solution; from 
cerium and its allied metals, also by sulphate of potassium (i. 833). 

For the methods of separation from titanium, tantalum, and niobium, see 
those metals. 

From aluminium and glucinum, manganese, if in small or modenite quantity 
only, may be separated by boiling the solution with potash in an open vckhcI. The 
manganese is then precipitated in the form of sesqiiioxide, while the alumina and 
glucina are dissolved by the potash. If, however, the projM)rtion of nianganese bo con- 
siderable, this method cannot be used, because tlie oxide; of nningaiu'se carries down 
with it considerable quantities of alumina and glucina. In this case tlic liquid must 
be mixed with sal-ammoniac, and the alumina and glucina ))recipilated hy ammonia 
The precipitate, however, always contains small quantities of manganese, whicli must 
be separated by subsequent treatment with potash. 

From barium and strontium manganese is easily separated by means of sulphate 
of sodium which throws*down the ]>ariuin and strontium as sulphate's; also hy sulphide 
of ammonium. From calcium and magnesium it is separated by oxalate of 
ammonium, which, if the solution bo sufficiently dilute, precipitates the manganeso 
alone in the form of sulphide. The separation from caleium may also bo effi't'ttnl by 
means of oxalate of ammonium, after the addition of chloride of ammonium to keep 
th<’ manganese in solution. 

Manganeso is separated from the alkali -metals by means of carhonnfr of sodium 
OT sulphide of am,tionium, which latter precipitates it in the form of suljiliide. The 
sulphide is washed with water containing a srimll quantity of sulphide of ammonium ; 
then rcnlissolvod in acid; and the manganeso preeipitated from flie solution by car- 
Ixinate of sodium. 

4. Valuation of Ores of Manganese. — As the commercial value of niangancsa 
ores depends, not on the quantity of metal, hut on that of the available oxygen con- 
tained in them, the mode of assaying them does not prope rly come under the estimation 
of manganese, but will bo best considcre<l in connection with the oxides of manganese. 
(See p. 814.) 

5. Atomic Weight of Manganese.— lilm earlier defi rmitmtions of this number 
by Berzelius, J. Davy, and Forchhammor, were either too high or too low. 
Arf vedson in 1818 (Schw. J. xlii. 202), by pneipitating the solution of mangun- 
OU8 chloride with nitrate of silver, found the MUmiic weiglit of manganese to be 28, 
that is to say, the same as that of iron. Tumor, in the same year (riiil. Mug. [2] 
iv. 22), by a similar method, obtaine<l the number 27'‘19, and by <lete?'riiining flie 
quantity of manganous sulphate produced by treating a known quant ily of mangunons 
oxide with sulphuric acid, ho found Mn - 27*96. Berzelius in 1830 (l^»gg. Ann. 
xiv. 211) also, by precipiUiting mangjuious chloride with nitrate of silve r, found that 
4 20775 MnCl gave 9*5/5 Ag(’l ; whence, if Ag « 108 and Cl 35 5, ealcul.itioii gives 
Mn' « 27-6. Dumas, in 1859 (Ann. Ch. I’liarm. cxiii.), found, as a mean of five 
similar experiments, Mn' « 27*48. 

V. Hauer (Chem. Centr. 1857, p- 88) dou-rmintx] the atomic weight of inanganose 
by converting anhydrous manganoms sulphate into the corr. s[K>n<lH.g snlpliub*. The 
quantity of oxygen in the sulphiite wa.s thus found, ns a mean of nine ex js ri merits, to 
bo 42*390 per cent, (from 42*351 to 42* 128) ; whence M n' «27 19. 
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The most exact of the preceding experiments appear to show that the atomic weight 
of manganese is 27*6 or 66, according as it is regarded as mono- or diatomic. 

R. Schneider (Pogg. Ann. (1869) cvii. 656) has, however, obtained a much lower 
result: 1. By determining the quantity of water produced in the reduction of man- 
ganoso-manganic to manganous oxide hy reduction with hydrogen : 2. By determining 
the ratio between the carbon and manganese in manganous oxalate. The first method 
gave as a mean, Mn = 27 01 ; the second 27 02. Schneider therefore assumes 27 as 
the true atomic weight of manganese, Mn = 27 or Mu" = 54. 

MAirOAirBSlIf BAllTanr. This term is applied to oxides of manganese 
occurring in amorphous, loosely coherent masses (see p. 813.) 

MAirOAXS'BSB. BZiVORIBBS OP. Manganous fluoride, MnF*, is obtained 
by dissolving the carbonate in excess of hydrotluoric acid. On evaporating the excess 
of acid, the salt separates in small, indistinct, amethyst-coloured crystals, which»>\re 
insoluble in pure water, but dissolve in water containing free hydrofluoric acid. The 
fluoride is not decomposed by heat alone, but when heated with sodium, it yields 
metallic manganese (p. 801). 

Manganic fluoride, Mn'-'P, is obtained by digesting the sesquioxide or peroxide with 
excess of hydrofluoric acid. The resulting dark brown solution yields, by spontaneous 
evaporation, crystals of manganic fluoride, which are ruby-coloured by transmitted 
light, and yield a rose-coloured powder. They dissolve without decomposition in a 
very small quantity of water ; but the solution is decomposed by dilution into a soluble 
acid fluoride and an insoluble ba.sic compound or oxyfluoride. Ammonia, added to 
the solution, throws down manganic hydrate. 

Perfluoride of Manganese, Mn*F‘< ?— When a fused mixture of peroxide of manganese, 
hydrate of potassium, and chlorate or permanganate of potassium is mixed with half 
its weight of fluor-spar, and drenched with strong sulphuric acid, a yellow vapour is 
formed, which is decomposed and acquires a purple colour by contact with moist air, 
and comxlos glass, forming fluoride of silicium and permanganic acid. With water, 
it is resolved into hydrofluoric and permanganic acids, forming a purple solution, which 
remains unchanged in stoppered liottles, but, when, evaporated, evolves oxygen gas 
and hydrofluoric acid vapour, and loaves a brown shining residue, from which water 
dissolves manganous fluoride, leaving a black insoluble basic salt. The solution also 
dissolves copper, mercury, and silver (not gold or platinum), forming fluorides, and at 
the same time becoming perfectly colourless. (Wohler, Fogg. Ann. ix. 619; see 
also Dumas, Ann. Ch. Phys. [2] xxxvi. 82.) 

IMCAXrOAM’SSB, ORBT. A term sometimes applied to manganite and pyro- 
lusite (pp. 810, 811). 

nfAXVGARBSBf XORXRBS OP. o. Manganous Iodide, Mnl’. — A solution of 
manganous carbonate in aqueous hydriodic acid loaves a white crystolline mass, 
having a somewhat styptic taste. When kept from contact of air, it may be fuswi 
without decomposition ; but on the admission of air, it is resolved into vapour of iodine 
and manganous oxide. It deliquesces in the air, and dissolves readily in water, forming 
a colourless solution, which, on evaporation, deposits white needles. The solution, 
when exposed to the air, is slightly decomposed, depositing brown flakes. Bromine 
and chlorine, as well as concentrated nitric or sulphuric acid, set the iodine free. 

(Lassaigne.) ^ • j -.i 

/8. Manganic iodide. — Very finely-pounded peroxide of manganese, agitated witn 
cold aqueous hydriodic acid, yields a darl^'yello wish-red ^lution, which, when heated, 
evolves iodine, and is rapidly converted idto manganous iodide. 

MAROARBSB, ORZBBS OP. Manganese forms four oxides of definite 
composition, viz. : — 

Protoxide or Manganous oxide 
Manganoso-manganic oxide 
Sesquioxide or Manganic oxide 
Dioxide or Peroxide . 

The protoxide is a strong base, forming with acids a class of very stable ^Ite: the 
sesquioxide is a weak base. Manganoso-manganic acid also dissolves without de- 
composition in certain acids. The peroxide, treated with acids, is resolved into man- 
ganous or manganic oxide and free oxygen. ... 

There are also two or three other native oxides, intermediate in composition betw^n 
the sesqui- and di oxides, viz. Varmcite, Newkirkite, &c., but they are not veiy definite, 
and are probably mere mixtures. Besides these it is usual to enumerate two higher 
oxides, MnO* and Mn 0% which are the anhydrides corresponding to manganic and 
permanganic acid respectively : but they have not yet been obtained, and must therefore 
at present be regarded as merely hypothetical. (See Mamqakic acids.) 


MnO 

Mn»0^ 

Mn*0* 

MnO’. 
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Yrotczide, or Waaflranous oxide, MnO.-^This oxido may Im) prepared by 
igniting maiigivnous hydrate, ciirbonato, or oxahitt% at a inodorjito heat in a dotted 
vottsd, or better in a stream of hydrogen, and allowing the product to cool in that 
gas. Tho best mode of preparation is, however, that rot'ommended V»y Liebig and 
VV’^tihlor (Pogg. Ann. xxi. 681), which consists in mixing (xpial imrts of fused man- 
ganous clilorido and carbonate of sodium with a small quantity of sal-ammoniuc, 
heating the mixture till it fuses, and exhausting tho fused mass with water when 
cold. 

Manganous oxide is a groyish-groen pow’dor, which, acconling to Pesprctis, molts at 
tho heat of a forge-firo to a fine green-colonretl mass, lly lieating it to a cherry-rwl 
heat in hydrogen, mixed with a very small quantity of hydmchloricacid gas, Devi lie 
(Compt rend. lii. 1264J obtained it crystallised in tmn.sparent regular oct4ll^^d^onB 
olTan emerald-green colour, and adamantine lustre. It is not deoxidised by any 
heat, however great. Heated in sulphydric acid gas, it yields water and manmiuous 
sulphide. When it is fusetl with sulphur, sulphurous anhydride is ovolvea, and 
manganous oxysnlphide remains behind. 

Hydrated Manganotta oxide, or Manganoua hydrate, is obtained by precipitating a 
manganous salt with caustic potasli, as a white, milky, flocculent precipitate, which, on 
cxjiosure to the air, turns brown by oxidation, and is ultimately con vert jmI into man- 
gjinic hydrate. The same change is produc(*d inimediately by chloriiu*-waler, or tlm 
solution of a hypochlorite. If it bo washed in an Rpj>»iratns fitnn wl»i<’h the air is 
excluded as completely Jis possible, then dried in a strmm of hydi-ogen, and heat<^ in 
that gas just sufficiently to drive off the water, the remaining protoxide* is sometimes 
jiyrophorie, and when a rtxl-hot coal is laid upon it, it glows frt)m the of conhict 
throughout its whole mass, and is converted into manganic oxide. According to H. 
Havv, the hydrate contains 24 per cent, water. 

Loth the oxido and hydrate dissolve readily in nitric, sulphuric, and hydrochloric 
acid, forming solutions of manganous salts. 

Sesquloxide, or Manganio oxiae, Mn'-'O^.—This oxido occurs native, as Uraunitr, 
in obtuse quadratic pyrainid.s, in which tho principal is to tlio secondary axes 
as 0 t)86 : 1. Angle of tlie terminal edge«=» 109‘^ 63' ; of the lateral (wlgcs - 180" 31) . 
Cleavage perfect, parallel to P, none parallel tc> oP. It wcurs also massive, 
llanlness = 6-6-6. SiKciHc gravity - 4-76- 4-818. Lustre Htibmetalhc. Streak 
and colour dark brownish-black. Fracture uneven, llnttlo. Infusible before the 
blowpiiM}. It occurs in veins traversing porphyry at OehreiistiH-k near llmenau ; at 
I'lglersbcrg in Thuringia ; also near Ihleleld in the Hariz; at St. Marcel in 1 iwl- 
mont; in the isle of Elba; at Vizianagram in Iiidiu; and in tho state of Vermont 
(U. S.). 

Avafysea of Braunitc, 


Ldsality . 

Ki'lcr.ifii'rf'. 

Trllrntitf Ii. 

Aiialy«t . 

Turner. 

Tt»ninK**r. 

Sesqui oxide of manganese . 

96*71 

95-83 

1*74 

Sesquioxide of iron 

2-26 

Baryta 


Lime 

Water 

0-95 

2-19 


99-92 

99 76 


St. Mancf. 


ne<hi. 

ttl-42 

4-75 

1- 03 

2- 08 


90-28 


96-62 

1-46 

1-22 


, 09-64 


The »me oxide ie .he hydm.e perha,- yielding 

r«"r .«o ...e r..«ia„e coneieU of „u.ngaho«.- 

Schneider (PogR- Ann.evii.COSHl the Wer oxidee ofmangane.. 

ere conrerted into ^uioxido by Btrong 1^11 JO /^.vii^M) it appeam thiit the 

From the f,m‘V'bt Jn^ man^eJlSe^^nd. upon 

thetenmonoftheox,^ in ;^„“ri™XTn oLari^^^ 

By heating. 

alao in vanooB miitnreB oxygro o* i roanganoao- 

tlmtwh^thetenjmnof tteoxy^n n^^^ 

n^b“^?'hrB«SX^e wa. obtained, "^fhe exai-t limit of tcn.«>n which 


3 V 2 


810 MANGANESE, OXIDES OP. 


determines the stability of one or the other oxide appears to raiy with the teni< 
perature. 

Manganic oxide when strongly ignited in a close vessel, or in. the air, gives of! 
oxygen, and leaves manganoso-manganic oxide. By boiling with nitric acid, or witli 
dilute sulphuric acid, it is resolved into protoxide, which dissolves, and peroxide, which 
remains undissolved. Hot strong sulphuric acid reduces it to manganous oxide, and 
dissolves it, with evolution of oxygen gas. Hot hydrochloric acid dissolves it, with 
evolution of chlorine. 


Hydrated Manganic oxide^ or Manganic Hydrate^ Mn*0*.H*0, or 


(Mn*V‘^ 
W i 


0*.— This 


compound is found native, as Manganite or Grey Manganese ore^ in veins traversing 
porphyry, at Ihlefeld, in the Hartz ; at Ilmenau and Oehrenstock in Thuringia ; in Aber- 
deenshire ; at Undenaesin Sweden ; and at Christiansand in Norway; It forms trimeiric 
crystals, usually exhibiting the face ooP with oof*| and other vertical prisms, together 
with oP and Poo , or a pyramid P3, &a Ratio of axes, a: b : c — 0*8440 : 1 : 0*5444 ; 
ooP : ooP = 80° 20'; ooP| : ooPf = 103° 23' ; Poo : Poo « 66° 41'. Also twins with 
piano of combination Poo . Cleavage very perfect, parallel to ooPoo . The crystals are 
longitudinally striated and often grouped. The mineral also occurs columnar and 
granular. Hardness « 4. Specific gravity = 4*2— 4*4. Lustre submetallic. Colour 
dark steol-^ey to iron-black. Streak reddish-brown, sometimes nearly black. Opaque ; 
minute splinters sometimes brown by transmitted light. Fracture uneven. Fusible 
before the blowpipe. 



Analyses of Manganite, 



Manganese . 

West 

Gothland. 

Arfvedson. 

Ihlefeld. 

Gmelin. Turner. 

Calculated. 

Mn<0».H*0. 

• 1 89-92 

5 62*86 

62*68 

62-60 

Oxygen 

} 27-64 

27-22 

27*27 

Water . 

! .* 10*08 

9*60 

10-10 

10*23 


100*00 

100*00 

100-00 

100-00 


Manganic hydrate is prepared artificially by exposing moist manganous hydrate to 
the air, or by passing chlorine, not to saturation, into water in which manganous 
carbonate is suspended, decanting the liquid, and digesting the brown residue still 
containing manganous carbonate, in cold very dilute nitric or acetic acid to remove the 
manganous oxide ; when prepared by this latter process however, it is often mixed 
with hydrated peroxide. 

Manganous hydrate artificially prepared is a light powder having a dark brown 
colour and capable of soiling very strongly. It gives off its water at a temperature 
above 100°. By boiling with moderately concentrated nitric acid, it is resolved into 
protoxide, which dissolve.s, and a residue of hydrated peroxide. (Berthier.) 

Manganic oxide dissolves without decomposition in cold hydrochloric acid, forming 
manganic chloride. Strong sulphuric acid combines with it at temperatures a little above 
100°, but does not form a solution. Dilute sulphuric acid does not dissolve it, unless 
manganous oxide is present, even in ver> small quantity, in which case a violet solu- 
tion is formed. (Carius.) 

A manpnic sulphate may be prepared by mixing finely divided peroxide of man- 
ganese with monohydrated sulphuric acid to the consistence of a pulp, and gradually 
heating the mixture to 136° It may bo If^sXed to 160° without decomposition, but is 
decomposed at higher temperatures into oxjFgen and manganous sulphate. It is also 
quickly reduced by organic substances, and decomposed by water, with separation of 
manganous hydrate (Cariue, Ann. Ch. Pharm. xcviii. 63). But the most stable of 
the simple manganic salts is the phosphate, which dissolves in water without decom- 
position. 

Generally speaking, however, manganic oxide does not form stable salts with acids, 
unless another base or protoxide is present : with sulphuric acid, for example it forms 
several double salts having the constitution of alums ; thus there is a manganico- 
potassic sulphate found native on the shores of the Great Salt Lake (see Sulphates). 

Mansranoso-mansraiile oxide, o% Ued oxide of Maiiffanose. Mn*0« » 
MnO.Mn^O*.-— This oxide occurs native, as Hausmannite, and together with other 
manganese ores, with porphyi^, near Ilmenau in Thuringia and near Ihlefeld in the 
Hartz, The crystals are acute quadratic pyramids, in which the principal is to the 
secondary axes as 1*176: 1. Angle P : P in the terminal edges »» 106° 26'; in the 
lateral edges * 1 1 7° 64'. Cleavage basal, nearly perfect. It also forms twin-ciystals, 
the face of combination being parallel to Poo , the same kind of combination sometimes 
occurring between four individuals. Also granular, sometimes strongly coherent. 
Hardness = 6 to 6*6. Specific gravity = 4*722. Lustre submetalUc. Colour brownish- 


■ .rv":. ' ' ' . . ‘ 

MANGANESE, OXIDES OF. gll 

UacIl Streak chestnut-brown. Opaque. Fracture uneven. InAisiblo befbre the 
blowpipe. 

Analyses of Hausviannite, 

Ihlcft'ld, llmfnau, 

'runn‘r. ItammeUlxTK. 

Red oxide of manganese . • . 98*902 99*44 

Oxygen 0*215 0*06 

Baryta 0*111 0*15 

Silica 0 3. ‘17 

Water ...... 0435 

Too 00 otToi 

This oxide is the most easily obtained by artificial moans of all the oxides of man- 
gaiJftse, being always produced whi*u inan^nous oxide, nitrate, or eHrt>onnte, is 8trt)ngly 
ignited in contact with the air, or when either of the higher oxides is subjected to very 
strong ignition. Metallic manganese, exposed to moist air at ordinary temp<‘ratureH, 
evolves hydrogen gas of a peculiar odour, and is convi*rted into a reddish-brown ^>owder, 
which is a mixture of manganese containing charcoal and silicium, with manganoso- 
manganic oxide, since it dissolves in hydrochloric acid, with evolution of hydrogen gas, 
and forms a brown solution, which, when heated, becomes colourh‘ss and gives ofT 
clilorine. The oxidation takes place more rapidly, in proportion as the manganese is 
more free from charcoal, and the air is warmer and conUiins more moisture. If the 
metal is heated in the air, the conversion into manganoso-manganic oxide takes place 
more rapidly, but without incandescence ; in oxygen gas, the finely-divided metal 
becomes ignited. The red oxide is also produced, with evolution of hydrogen, by 
beating the protoxide in a stream of aqueous vapour. It is a reddish-brown or cinna- 
mon-coloured powder, which turns black when h(‘ated, but n covers its original colour 
on cooling. When heated to whiteness with clnircoal, it is reduced to metallic man- 
ganese. By boiling with dilute sulphuric or with nitric acid, it. is resolved, like tho 
sesquioxide, into protoxide and peroxide, liot strong sulphiirie acid dissolves it as 
manganous sulphate, with liberation of oxygen ; hot hydrochloric acid, wit li liberation of 
chlorine. It dissolves without decomposition in a h(»t, very strong sohit ion of phos- 
phoric acid, and in cold concentrated snlphuric, hydrochloric, oxalic, or tartaric acid, 
but only in small quantity, and without neutralising the acid. The solutions, trt‘ut(‘d 
with caustic potash, yield i\ brown precipitate, perhaps consisting of manganoso-man- 
gunic hydrate. Heat, and the addition of wafer, or of de(/xidising agents, converU 
these salts (the phosphate excepted) into salts of manganous oxide, w*ith a largo excels 
of acid. 

Bloxlde or Peroxide. MnO''. — This oxide occurs in imturc as Pyrobmte or 
P)lyanite, in trimetric crystals exhibiting the combination ooPec . ocP. oePoc .oP.^Poo . 
Ratio of axes a\ h \ c = 0*776 : 1 : 1 066. Anglo ocp ; (xp='. 93‘^ 40’. Also columnar, 
often divergent; also granular, massive, and frequently in reniform coats; often soils. 
Hardness « 2 to 2*5. Specific gravity =. 4*819 (Turner); 4*97 when pure. Lustre 
metallic. Colour iron-black, dark stt^el -grey, sometimes bluish. Streak black. Opmjue, 
Rather brittle. Infusible alone l>i*fore the blowpipe; gives off oxygen on char- 
coaL It is a valuable ore of manganese, aial is extensivrly worked at Eglersberg, 
Ilmonau, and other places in Thuringia; also at Vorderehreiisdarf’ near Mahrisch- 
Trubau in Moravia, which place affords annually many ton.s of the ore. It also occurs 
in Devonshire, and with psilomclaue in many parts of the United •States. 



Analyses of Vyrolusite. 
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Peroxide of manganese is preparc'd by the following processes : — 1. Munganoso- 
manganic or manganic oxide, is boiled with strong nitric acid. — 2. Manganous nftrato 
is gradually heated to incipient redness, and the residue pounded and fr^ by 
boiling nitric acid from any remaining manganous oxide; the insoluble residue is then 
washed and very carefully heated to low redness, stirring all the while (Berthier). 
— 3. Manganous carbonate is heated in ah open vessel' to 260°, and any portions of 
carbonate which may then remain undeeomposed, are removed by cold and very dilute 
hydrochloric acid; whereupon, according to Forchhamnier, piure peroxide leinains 
behind. — 4. Manganous carbonate is carefully heated with fused chlorate of potassium, 
and the mass, when cold, is well washed with water (Gob el). — 5. A solution of a man- 
ganous salt, even when very dilute, provided it is perfectly free from iron, deposits 
peroxide of manganese on the positive pole of a voltaic battery; a feeble current is 
sufficient for the purpose (Fischer, Ksistn. Arch. xvi. 2l9). Artificially prepared |)er- 
oxide of manganese is black with submetallic lustre, hard and tough. 

Peroxide of nianganose, whether natural or artificial, is a good conductor of elec- 
tricity, and is remarkable for its tendency to become strongly electro-negative in contact 
with metals, so that powerful voltaic combinations may be made by using a platinum 
plate covered with it as the negative element. Discs of paper covered with the per- 
oxide are also used in the construction of dry piles. (See Electhicity, ii. 421, 423.) 

The peroxide when heated alone gives off part of its oxygen, and is reduced to man- 
ganic or manganoso-manganic oxide, according to the degree of heat applied ; the decom- 
position takes place more readily in open than in closed vessels (see p. 809). Heated in 
a charcoal-lined crucible, it is reduced to protokide, and if mixed with sulphur, to man- 
ganous oxysulphide, with evolution of sulphurous anhydride. When drenched with 
strong svJplmric acid, it gives off one-fourth of its oxygen and yields a dark red solu- 
tion of manganic sulphate ; and on heating the mixture, another fourth part of the 
oxygen is given off and manganous sulphate is produced. The reduction is greatly 
facilitated l)y mixing the peroxide with organic substances, such as sugar, oxalic acid, &(*., 
carbonic anhydride -being then evolved instead of oxygen. With cold hydrochloric 
acid it forms manganic chloride ; on heating, manganous chloride, with evolution of 
chlorine. With stdphurous acid,, it forms a solution containing manganous sulphate 
and hyposulphate. By ignition wiih potash in a close vessel, it is re.solved into man- 
ganous oxide and manganic acid. 

The facility with which peroxide of manganese parts witli a portion of its oxygc'n 
renders it a very valuable oxidising agent, both in the chemical laboratory and in 
manufactures. It is extensively used for the evolution of chlorine from hydrochloric 
acid (i. 890), also for discharging the brown and green tints of glass : hence the name 
pyrolusite (from Trvp fire, and \v(iv to wash) applied to the native peroxide, and the 
somewhat whimsical title, savon d(S verriers, given to it by the French. 

lljfdrates of the Peroxide, — Peroxide of manganese unites with water in several pro- 
portions, according to the mode of preparation. — a. In the spontaneous decomposition 
of mangaimtes or permanganates dissolved in water or irt dilute aOid, a black-brown 
hydrated peroxide is procipitMitcHl, which cakes together to a black coherent mass con- 
taining MmnO'-'.H^O (Mitscherlich). The smiie hydmte is formed when manganous 
carbonate suspended in water is treated witli cldorine, and the black-brown residue is 
well washed with dilute acid (Berth i er),— 3. A hydrate containing 2MmnO'‘^.lPO is 
obtained when a solution of a manganous salt is precipitated by a mixture of cuustic 
jjrttash and jxitassic hypochlorite (Winke.lblffch). — 7. The hydrate 3Mmn()'*.H’‘'0 ia 
deposited on evaporating a solution of Blanganous bromato (Ua mmelsbe rg). — 
8. 4MmnO'.H’D is obtained by treating*iiianganoso-manganic liydrate with strong 
nitric acid (Berthier). See Gmelin's Handbook, iii. 206. 

According to Gorgeu (Ann. Ch. Phys. [3] Ixvi. 155 ; Jahresb. 1862, p. 155) per- 
oxide of manganese acts as an acid, uniting with bjises, and reddening litmus slightly 
when Suspended in perfectly pure water ; hence Gdi^eu proposes to call it manganous 
acid. (See Manganic Acids, p. 817.) 

Oxides of Manganese intermediate in composition bclv^^n the Sesquio,Tide and 
Dioxide, — Under this llc^ are included several ores of manganese, mostly amorphous,, 
one or two of definite institution, but the greater number merely mixtures of 
different oxides, which cannot be regarded as definite chemical compounds or distinct 
mineral specieis. 

a. PsHamdane, R0.Mn0*.H*0, with excess of peroxide mechanically combined : 
the symbol BO denotes protoxide of manganese, partly replaced by other protoxides, 
chiefly baryta and potash. This ore occurs massive and liotryoidal. Hardness 
» 5 to 6. Specific gravity * 3*7 to 4*328. Lustre submetallic. Streak brownish- 
black, shining. Colour iren-black, passing into dark steel-grey; opjique. It is a 
common ore of mangjvneSc, occurring frequently in alternate layers with pyrolusite. 
It is found in botryoidal and sUdactitic shapes in Devonshire and Cornwall, at 
Ihlefeld in the Hartz, and the other localities undermentioned. 
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Analyses of Psilonuiane, 


Pui'hk. Si^heifbr. ])i>n}ii«r. 


$, Varvacite, a minerjil from Warwicksiiiro, of cryNtalline-laminatcHl texture, and apt*- 
eifle gravity 4-631 to 4-623, waa found by R. Phillips to contain 03 per c(Mit. mangancHo, 
31*6 oxygen, and 6-4 water, agreeing nearly with the formula MnH).3Ma‘'*OMPO. It 
is probably an altered manganite consisting largely of pyrolusite. 

y. Wad, Earthy Cohalt, Cuprcom Tlu‘se or»'H occur in amorphous 

andl«niforni masses, either earthy or compact, soim-times encrusting or assbiins. They 
are mixtures of diffc'rcnt oxi<leH, and not <listinct mineral species. Their hjirdness varies 
from 0*3 to 6; specific gravity fi-oin 3 to 4-26; colour dull black. 

Avah/ses of Wad. 


Sekquioxide of iron 
Protoxide of cobalt 
Alumina . 

Baryta 
Lime . 

Magneaia . 

PutMih 
Hilica, &c. . 

Water 



/V./..V- 

tkhe. 

.hirr. 

Twriur. j 

7vf.O 

34 73 

13 31 

HHT) 


r>2*:t4 

*1-40 

5 40 


274 

lOGG 

J0-V9 

100()0 

10‘»-;4G 


Analyses of Manganese-ores (continued). 
[ Ciipreoun M.iiigaueM*. I 


Kwrtliy Cobalt. 


j l.awltrb€rf(. ObeHatuUt- 


XUl»r«ah. l)Ol*CTe«rier. 


Protoxide of manganese 
Oxygen. 

Scaquioxtde of !r»m 
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Baryta .... 
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i*(»Ulkh .... 
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ifxed with sifica, alumimi, Umc, or oaryi*. 
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brownish-black colour and reddish-brown streak : hardness sometimes 
from Groroi in Mayonce, Vicdessos in Spain, and Canteen in France. 

Cupreous Manganese contains, besides hydrous oxides of manganese, ' 
jjer cent, oxide of copper, and 4 to 18 per cent, oxide of cobalt, with various 
Specific gravity 3*1 to 3*2. Pelokonite is a variety of cupreous mahganese, £avinff 
liver-brown streak. Hardness =? 3. Specific gravity « 2’567> ™ 

Earthy Cohalt is a wad in which oxide of cobalt sometimes occurs to the amonnt 
33 per cent. ^ 

Valuation of the Oxides of Manganese, 

The numerous applications of the higher oxides of manganese in chemical manufac- 
tures, depend upon the quantity of oxygen which they can furnish when exposed fo 
the action of acids, or— what comes to the same thing— the quantity of chl^ne nhich/ 
they are capable of eliminating when treated with hydrochloric acid, '^s wiFhe 
seen froin the following equations, which represent the action of hydrochl<]iki|<il*oa 
the dioxide, sesquioxide, and red oxide of manganese : ^ 

Mn*()‘ + 611(1 = 2MnC12 + 31HO + CA’^ 

8cs(}uk>xjdc. 

MnH)* + 81IC1 = SMnCl-^ + 4H''0 + C\K 

Koii oxide*. t " 5* 

Hence it appears that the (juantities of hydrochloric acid required to furnish a'ffiven 
quantity of chlorine, when acted upon l,y these three oxides, are as the numbers 
2 ; .3 : 4 ; or a giv'en weight of hy<lrochloric acid, acted upon by the three oxides will 
yield quantities of chlorine in the inverse ratio of those numbers 

Moreoym-, as the sesquioxide and red oxide may be regarded (so far as proportional 
composition IS concerned) as compounds of the protoxide and dioxide (MnWiMnO + 
MnO- and Mn’0^ = 2Mn0 + MnQ-^). it follows that the commercial value of u Sto* 
ganese-oro inay be regardtxl as proportional to the percentage of dioxide or peroxide 
contained in it. ^ 

I'lio methods of assaying the oxides of manganese may bo classed under three 
heads:— I J he determination of the amount of oxygen disengaged by sulphuric 
acid.— 2. Ihe oxidation of oxalic acid.— 3. The evolution of chlorine Irom hydrochl^c 

a. The decomposition of x^eroxido of manganese by acid takes place tui 

represented by the equation : * ^ 

MnO'- + THSO^ = MnSO< + IPO + 0. 

the sample of manganese ore to bo tested is heated with strong sulphuric acid in a 
delivery-tube passing upwards into an inverted bell- 
jar, hried with and standing in an alkaline liquid, so that any carlionic acid gas that 
may pass over may be absorbed, and the oxygon alone collected. The contents of the 
retort are heabyl to the boiling point, tlie heat being continued as long as any gas is 
disengaged. The apparatus is then left to cool, and th^o volume of gas is measured and 
corrected for pressure, temperature, and tension of aqueous 
Eig, 731. vapour. 

atomic proportion (16 pts. by weight) of oxygen 
evolved correspefl^ to 1 at. peroxide (87 pts.) in the sample. 

Moreover, as Uiet reaction is precisely analogous to the de- 

composition of the peroxide by hydrochloric acid, each at 
J y of oxygen evolved in the one reaction is equivalent to 2 | 

phtS chlorine eliminated in the other. 

^ ^idation of oxalic acid . — Wlien oxalic 

\ g heated with peroxide of manganese and hydrochlbric 

IiPA ^ disengag^ chlorine convey the oxalic acid 

j y bonic anhydride, 2 at. carbonic anhydride evolved wpre* * 

y A senting 2 at. chlorine, and therefore 1 at. peroxide of man- 

/ I //\ ganese: 

f- C*HK)« + Cl* « 2C0^ + 2HC1. 

fry ^ Oxalic acid. 

\y quantity of carbonic anhydride evolved may be deter* 

mined by means of the fiask-apparatus represented in fg. 

, 731, and already described under Amcaijiietbt (i. 119). 60 

manganese-ore finely nulverised are introduced into the flask, together 
with half an ounce of cold water ana 100 grains of strong hydrochloric acid in the test- 


Eig. 731. 
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I ofcrystallised oxalic acid are then added, the chloride of ealoinm tubo 
whole qui^ly weighed ; and the process conducted exactly in the same 
a determination of carbonic anhydride, as described in the article above 
Tho loss of weight of the flask after boiling, gives the quantity of carbonic 
Stthafdride evolved, and as 87 — tlie atomic weight of peroxide of manganese— is nearly 
dotple that of carbonic anhydride, 44, the loss of weight in the apparatus mav betaken 
i^pprpximately to represent the quantity of real peroxide in the 60 grains of the sample. 
.iA more exact calculation is easily mad«>. 

"The quantity of oxalic ncid oxidis4‘d by a given sample of a manganese ore may also 
be estimated v<^u metrically by means of pt-rmamjanatv of jMttnssium, A dilute solu- 
tion of oxalic acid decomposes ja'rmanganates, in prt'sence of sulphuric acid, being itself 
converted into carbonic anhydride and water, according to tho equation : 


811*0 + 10CO». 


JLVMn^O'* + 21J*SO« + 5C*11*0« 

' fWnanganic Oxalic acid, 

acid. 

r the samo circumstances, oxalic acid docomposcs peroxide of manganese, atom 


2MnS0‘ + 

M.iiiKanoiit 

sulphate. 




MnO« + H^SO* + - MuSO* + 2U*0 + 2CO*. 


"^1 


the amount of peroxide of manganese in an ore may bo estimated volumoiri- 
^hy allowing it to act upon a known volume of a standnixl sohition of oxalic atud, 
jfis added in excess, and then estimating the amount of undocomposed oxalic at'id 
Irtandard solution of permanganate. 

!^e standard solutions rt'cpiired are: 1. Oxalic acid . — 1 cub. cent, of this solution 
cqp^lns O OGSgrm. of oxalic acid, and corresponds to 0 0 12 ^rm. peroxide of manganese. 
-457 Permanganate . — This solution cannot be preservwl without decomposition, tuul is 
therefore not standardised once for all ; but a moderately strong solution is im pared, 
and its exact value determined before each op<*ration. This is romlily done ny means 
of :th# standard solution of oxalic acid. 6 c. c. of tho latter are diluted to 200 c, c. ; 

4 c. c. of strong sulphuric acid are added ; and the permanganate solution is 
intrt^uced, drop by drop, from a burette. The dark colour produced by tho perman- 
ganate disappears slowly at first, but more rapidly as the operation procteds ; the 
operation is terminated when a faint rose tinge is produced, which remains pennaneiit 
for^a short time. Suppose, for instance, 29 c. c. of the permanganate solution are ro- 

qi^id: then 1 c. c. of this solution corresponds ^ ^ OT724 c, c. of oxalic acid. 

Tho analysis is conducted as follows: —The ore having been finely powdered and 
completely dried, 2T grms. ar<! treated witli about 30 c. c. staudaiNi oxalic add. and 
4 c. c. of concentrated sulphuric acid; when tho evolution of carlxinic nnhydrida 
slackens, heat is applied till no more gas is evolved. If any of the ore remains tmde- 
composed, 5 or 10 c. c. more oxalic acid must be added. Wlicni tho ovoluliuu of gait lias 
quite ceased, the clear solution is decanted into a graduated cylinder, and the residue is 
treated with 2 or 3 c. c. more oxalic acid, and a few drops of sulpliuric acid, mid again 
heated. When tho decomposition is complete, the solution (residue and all^ is washed 
into the cylinder, and the whole is diluted to a known volume. The mixture thus 
obtained is never clear ; but it need not be filtered, unless it is dark-coloured. A 
known volume of it is measured olf, diluted, acidulated with sulphuric acid, and tho 
amount of non-oxidised oxalic acid is cstimaU*d by the permangaiiato solution, ns 
above ; from the result tlius obtained, the amount of iion-oxidisijd oxalic acid in tho 
whole mixture is calculated. The number of cubic centimetres of oxalic acid oxidisin], 
i^liltiplied by 2, gives the percentage of jxToxide of manganese in the ore. hor pxaniplo, 
c. permanganate solution = 0*1724 oxalic acid. Weight of ore taken 2*1 grms. 
^ Itflial volume of oxalic used - 48 c. c. Tho mixture being diluted Ui 300 c. c., 100 c. c. 

B 4 c. c. permanganate : hence, the whole 300 c. c. require 1 2 c. c. permangana(>e, 
correspond to 2*07 c. c. oxalic acid. 48 - 2*07 - 46*93 c. e. oxalic acid, oxidised 
^Joodde: whence, percentage of peroxide =» 46*93 s 2 91*80 per cent, 

u instead of 2*1 grms., any arbitrary weight of the ore is taken, the amount of 
peroxide is calculated by the proportion 100 : 4*2 «>= number of c. c. oxalic acid used: 
amount required ; the percentage is then calculatnl as usual. 

3. By the evolution of Chlorine from Hydrochloric The ota (the moisture m 

which v» first estimated) is heated in a flask with excess of concentrated hydrochlom 
acid, and all the chlorine evolved is conducted into a known volume of a ston^id 
acid or alkaline arsenious solution, or into excess of iodide of potiwsium, or into 
a solution of a known weight of ferrous sulphate, that salt being in ex<^, wd 
the amount of chlorine is estimated by one of the chlorimetnc prwesses described 
wider CHumnni, Estdcation of (i. 904). The amount of peroxide of matlgau«s^ 
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eoerosponding to a given weight of chlorine, is calculated by the proportion CS^iMmaO* 
« 71 : 87. 

Each c. c. of the acid arsenious solution (i. 904) corresponds to 0*010 grm. chlorine 
and to 0 01183, peroxide of manganese; hence 50 c. c. correspond to 0*5 grm. chlorine] 
and to 0*5916 peroxide. If the ore is rich, about 1 grm. is sufficient for the analysis; 
if it be poor, from 1*5 to 2 grm. should be taken. 

Each c. c. of the alkaline arsenious solution (i. 904) corresponds to 0*00355 grm, 
chlorine, and to 00042 grm. peroxide; hence 100 c. c. correspond to 0*42 grm. per- 
oxide; and if 0*42 grm. be taken for analysis, the number c. c. of arsenious solution 
which is oxidised by it gives at once the percentage of peroxide. {Coninffton's Hand- 
book of Chemical Analysis, p. 247.) 

AKAIfOAIffiSSy OXTCBXiOllXDB OX*. The perchloride of manganese de* 
scribed by Dumas (p. 805) is perhaps an oxycliloride. ^ 

MABGAIorSSS, OX'TSVX.PHXBB OF. MnSO.-This compound is produced 
when manganous sulphate is ignited in a stream of hydrogen, or, together with 
sulphide of manganese, when an oxide of mangaTiese is ignited in contact with sulphur. 
It is a green powder which does not alter at ordinary temperatures, but takes firo 
when heated, and burns to luiarly pure nianganoso-manganic oxide, especially if 
strongly heated at the last. It dissolves in acids as easily as sulphide of mangaiioso 
prepared in the wot way. ( A r f v o d s o n . ) 

niASTGASiTSSB, PB08FBXBB OF. Obtiiined by exposing an intimate mixture 
of 10 pts. of pure ignited dioxide of manganese, 10 pts. of white-burnt bones, 5 pts. 
of white quartz-sand, and o pts. of ignited lamp-black lor an hour in a closed hessian 
crucible, to a heat sufficient to melt cast iron; or by strongly igniting 10 pts. of 
ignited pho.sphate of manganese, 3 pts. of ignited l.amp-black, and 3 pts. of calcined 
borax in a crucible lined with charcoal, 'i'ho product is a very brittle, crystillino 
rogulus of the colour of grey cast iron, and of specilic gravity 5*951. It is permanent 
in the air, glows when heated in contect with air, burns with an intense light when 
heated with nitre. It appears to contain and is probably a mixture of Mn*P* 

and Mn^P'^, the latter of which compounds is left behind when the substiinco is treated 
with hydrochloric acid, while the former dissolves, with evolution of non-spontencously 
inflammable phosphorottod hydrogen. (Wohler, Ann. Ch. Pharm. Ixxxvi. 371.) 

Schrottor (Jahresb. 1849, p. 247), by heating finely divided manganese in phos- 
phorus-vapour, obbiined a phosphite having the composition Mn'‘P'^, of specilic gravity 
4 94, insoluble in hydrochloric acid, easily soluble in nitric acid. 

XBABOABBSB, SXXiICXBE OF. The effect attributed to small quantities of 
sUicium in altering the physi<*al properties of metallic manganese has alrtnidy been 
mentioned (p. 802). Wohler (Ann. Ch. Pharm. cvi. 54) has further examined the 
question by preparing manganese containing larger proportions of silicium. A mixture 
of about equal parts of Hiioride of manganese, water-glass, cryolite, and stKiium, pressed 
into a hessian crucible, and covered with a mixture of chloride of potjissium and chloride 
of sodium, then heated and exposed to a higher temperature, yielded a well fused, bard, 
brittle regulus containing 11*7 per cent„ silicium, exhibiting a somewhat lamino-crystal- 
line structure on the fractured surface, but without visible separation of free silicium ; the 
action of hydrochldric acid upon it was considerably impeded by the separation of 
oxide of silicium, very dense but not crystalline ; the hydrogen gas evolved at the same 
time contained siliciuretted hydrogen, and deposited amorphous silicium when passed 
through a red-hot glass tube ; hydroduo^c acid dissolved it, with evolution of fetid 
hydrogen gas. A mixture of fused chloriddHJf manganese and sodium, fluor-spar, water- 
glass and sodium yielded a well fused, veiy brittle regulus, containing 13 per cent, 
silicium, and exhibiting a few cavities filled with steel-grey prismatic crystals. A mix- 
ture of fused manganous chloride, fluor-spar, silico-fluoride of potassium, and sodium 
yielded (after somewhat quicker cooling) a nearly silver-white, very brittle regulus 
containing 6*5 per cent, silicium and having a conchoi'dal strongly shining fracture. A 
mixture of manganous chloride, sodium, fine quart^s-sand and cryolite (Uie two latter 
in the proportion of 22 : 26) yielded a yellowish regulus containing 11*4 ^ cent, 
silicium, with indications of laminar structure. From these results Wohler is in- 
elined to believe that even a small quantity of silicium is sufficient to account for the 
peculiarities of the metallic manganese obtained by Brunner’s method. 

MEitBGABSSB, BBB, Native carbonate of manganese, also called Diallogite 
(i. 788). 

IBAirOABrBSB, SmUPBZBS OFi Manganous sulphide, MnS, which is the 
only known sulphide of manganese, occurs native as Manganese-blende or AWnindwe, 
in the gold mine of Nagyag in Transylvania, sometimes crystallised in cubes 
and regular octahedrons, with perfect cubic cleavage, but more generally granu- 
larly massive. Hardness = 3*5 to 4. Specific gravity =» 3*95 to 4 814. It has sub- 
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metallic lustre and iron-black colour^ tarnished brown on exposure. Streak grectw 
Fracture conchoidal. Before the blowpipe it melts only on the thinnest ed^. 

The same compound is produced artificially in tlio dry way, by heating the peroxide 
with sulphur. Sulphurous anhydride is disengsiged and a green powder remains, 
which dissolves in acids, with evolution of sulphydric acid. The same compound is 
obtiiinod in the hydrated state by deeumposing curtate of manganese with sulphydric 
acid, or any manganous salt with sulphide of ammonium. 

A crysUdline sulphide of manganese is obtained by passing the va|)our of sulphide of 
carbon over hydrated mangjuiic oxide ignited in a porccdain tube. The crystals are 
iron-black rhombic prisms, having a tinge of green and yielding a dingy green powder. 

Artificially prt'pared inanganous s»dpliidest>on turns brown by ox idatiou on exposure 
to the air. When ignited in tlie air, it oiisily gives olf all its sulnlmr as sulpliurous 
anhydritle, and leaves mangaiioso-mangaiiic oxide. Heated in hydrogen gjis, it gives 
oflf •ulphydric acid. It detonates when heated with nitn*. Chlorine acts but slowly 
on it, forming chloride of sulpliur. The hydrated sulphide boiloil with |)otash, yields 
sulphide of potassium and manganous hydrate. 

Manganous sulphide dissolves very easily in acids, even in acetic acid ; sulphurous 
acid converts it into hy[X)sulphit(‘ with sejmration of sulphur. When the prt»cipitate is 
mixed by agitation with neutral metallic solutions, e. y. stilphate of ciulmium, acetate 
of lead, ferric chloride, nitrate of silver, sulphate of coppi r, dc., tliese metals unite with 
tho sulphur, and the manganese is taken up in their place. 

Manganous sulphide forms detimto com{K)unds with tlio sulphides of potassium and 
sotlium. — Tho potassium-salt, K-S IiMnS or Mn*K^S*, is pr* ‘pared :-—l. By tiising 
anhydrous manganous sulphate with > of its weight of lamp-black, and '.i times ita 
weight of cnrboiiato of p)t^tssium and sulphur. A gontle heat is aj»plio<l at first, till 
tho carbonic anhydride is expelled and sulpliide of potassium fornuMl ; aft4'PWMn.ls 
tho heat is raised to bright retlnoss. On C(M)ling, a perlectly fused mass is obtained, 
which, alter the excess of sulphide of potassium has been removed by cold waUir pre- 
viously do-aer.it/ed by boiling, leaves large dark rotl se.iles collected t4>gothor in tnasses ; 
thoKo masst^y may bo readily split, like inie.i, into thin, transparent, dark red lamina-. 

—2. By substituting peroxide of manganese for the manganons sulphaUi, a siinihir 
compiiund is obtained, but of less brilli.iiit t-olour.-* fhe scales, when moist, aro rapi<lly 
o.xidiscd in tlio air, becoming black and ojimpni ; bnt, when perfectly dry, they nunain 
pernianont for a cajiisiderabic tine-. I'hey are m-arly insoluble in water, alcohol, and 
ether. They dobmate viol, lit ly with nitre. Aci.ls di.ssolve them, with rapid evolution 
of sulphydric acid gas. Wheti heated on platinum wire, they hccoine covered with a 
green ixiwder of oxysulphide .»f niangain st). They an; gradually dissolved by water 
containing (air, into sulphate and sulj)iiide of ])ot/aHsiuni, and manganous hyposulphite, 
W’hich dissolve, and an insoluble inixlnro ot sulphur an<l manganic oxide. (Vcii kor, 
Ann. Ch. Pharni. lix. 35.) 

The sodium-salt, Mn*NabSh obtained in a similar manner to the potassium coinpfnind, 
fofms small, shining, light red nee<lle-Khaj)od crystals, r.'seinhling those of sulphide ot 
manganese and j.'*)tassium in most of tlieir jiroperties, hut more readily oxidisahle. 
Wlien treated with distilhxl water, l ln-y rapidly Ims-oiim- opatpie and dark-coloured. Jf 
in this state they are placed over oil of vitriol in a vacuum, they rapidly absorb oxygen 
as sixm as they become moderately dry ; and tho ahsemption is attended with so violent 
a disengagement of heat, that the crystals tro.jueiitly take fire, and hum like a pyio- 
phorus. (V biker.) 
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0M2II*0, found 


BIAXrOASrB8B«A&irM. Manganico-potassk sulphuk, Mn'" 

K. 

native on tlie shores of the Great Halt Uko.— A ^ur/u/anrse-magnesi urn alunu hivs been 
found in the Canton Uri in iSwitzerland. (See Siim'IIATKs.) 

MAirOAJrBSS-BBIlirDB. Native manganous sulphide (p. 816). 
MAVOAirB8B--aBAfrCB, Hyn. with MANOANKSK-KLKNnB. 

Syn. with UiALLOGiTK. Native carUmato of manganese. 
IMCABrOAJrZC ACZB8. Two oxygen-.'icids of manganese have long IsfCn known, 
Tiz. manganic acid and permanganic acid, the potassium-salts of which are 
represenUid by tho formulae ; 

Mangaiiate of potassium 

Permanganate of potassium ^ 

Manganic acid cannot exist in the free slate ; but permanganic acid, Mn'HH)', haa l/cen 
obtained as a liquid, and appears to lie cafwible of existing in the S4>lid state. The an- 
hydrides corresponding to tlicse acitls, viz. MnO'' and MndP, have not been obtained. 
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Recent experiments by Qorgeu (Ann. Ch. Phys. [3] Ixvi 153) appear to show 
that dioxide of manganese, MnO^, is capable of uniting with alkaline bases, and 
forming salts which may bo called manganites. They appear to have the compo- 
sition R*0.5Mu0* (R denoting a monatomic metal). The potassium-salt is soluble 
in water; the calcium-salt is a brown precipitate, obtained by adding a solution of 
manganous nitrate to hypochlorite of calcium. 

Maiiffanates. MnR'-^O^. — These salts are isomorphous with the sulphates, selon- 
ates, and chromates. Only three of them have, however, been obtained, viz. the 
bariunv-, potassium-, and calcium- salts* They have a green colour, but are very 
unstable, especially in solution, being quickly converted into permanganates, with 
separation of manganic oxide: the decomposition is accelerated by the presence of 
acids, and retarded by alkalis. 

Manganate of Barium. MnBaOh — This salt is obtained by igniting peroiiido 
of manganese with nitrate of barium, or better, by adding the peroxide in fine powder, 
and by small portions, to a mixture of hydrate of barium and chlorate of potassium, 
heated to fusion, and afterwards dissolving out the chloride of potassium by water. 
It is a green powder, insoluble in water. It may, however, bo obtoined in the 
crystalline state by mixing a solution of permanganate of barium with baryta- water, 
and leaving the liquid to stand in a loosely -covered vessel. (Mitscherlich.) 

Manganate of Potassium, MnK‘-*0'. — When dioxide of manganese is strongly 
ignited with hydrate or carbonate of potassium in excess, manganic acid is formed, under 
the influence of the alkali, together with a lower oxide of manganese. Ignition in open 
vessels, or with an admixture of nitrate of potassium, increases the pro^luction of the 
acid, by the absorption of oxygen which then (X’curs. The prtjduct has long been known 
as mineral chameleon, from the property of its solution, which is green at first, to pass 
rapidly through sevcnvl shades of colour. A more convenient process for preparing 
manganate of potassium is that recommended by L>r. Gregory. He mixes intimately 
4 pts. of dioxide of manganese in fine pow<ler with .Sj p^s. of cldorato of potassium, and 
adds the mixture to h pts. of hydrate of potjissium dissolv('d in a small quantity of water. 
'ITie mixture is evaporated to dryness, powdered, and aiterwards ignited in a platinum 
crucible, but not fused, at a low red heat. The ignited mass, digested in a small quan- 
tity of cold water, forms a deep green solution of the alkaline manganate, which may 
bo obtained in crystals of the same colour by evaporating the solution over sulphuric 
acid in a vacuum. 

Manganate of potassium is not soluble in water without decomposition. When 
water is poured upon the crystals, they are resolved into permanganate of potassium, 
and a black crystalline compound of potash with peroxide of munganese (manganitc 
of potassium) which almost immediately gives up its poUish to the water, and leaves 
pure hydrated peroxide of manganese. (M i t s c h e r 1 i c h. ) 

3MnK^O« + 2YPO = MnH^()« + IKHO + MnO*. 

Manganate. Permanganate. 

According to Gorgeu (/oc. ci7.), when carl)onic anhydride is passed through a solution 
of potassic manganate till the alkali is completely convortetf into carbonate, perman- 
ganate of potJissium is formed, together with a vellow hydrated precipitate containing 
mangauite of potassium, iC'^O.AMnO^, or Mn^R^O". 

Manganate of potassium dissolves without decomposition in water containing free 
alkali. If potash be added, not in too great excess, but still sufficient to form a 
green solution, this solution sometimes t^rns red when warmed, and remains so after 
cooling ; but if briskly stirred, it turns ^Wbn again. 

When a very strong solution of pr^tasslc manganate is exposed to the air till the 
pfUnsh has absorbed carbonic acid, crystals are sometimes formed consisting, according 
to Mitsclicrlich, of acid manganate of potassium, MnKHO*. 

Manganate of Sodium.' — Obtained by igniting peroxide of manganese with caustic 
soda, it is so very soluble in water, that it cannot be obtained in the crystalline state 
(Mitscherlich). According to Gentele, however (J. p. Chem. Ixxxii. 58), man- 
gnnate of sodium is obteined in nearly colourless crystals resembling Glauber’s salt, 
and containing MnNa*O*.10H*O, by heating equal parts of finely-pulverised peroxide 
of 'manganese and nitrate of sodium in a muffle to a bright red heat for 16 hours, 
boiling the pulverised black mass with water, and leaving the solution to stand in a 
cold place. The crystals dissolve in water with slight decomposition, yielding a green 
solution. According to W6hler (Ann. Ch. Pharm. cxix. 375), on the othelr hand, 
this process does not yield a trace of sodic mang^inate, because the nitrate of sodium is 
decomposed before the temperature required for the formation of the manganate is 
attaint ; in fact, the decomposition is so oomplote, that the process might bo used for 
the preparation of pure hydrate of sodium.’' {But why does not this hydrate of sodium 
act on ^e peroxide of manganese so as to form sodic manganate and a lower oxide ?] 
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Mn*RK)*.-~-The86 sulto are more stAblo UiAn th® 
and are, in fact, produced by their oxidation. They are isomopphoua with^o per- 
rhloratoa, GIRO* ; a fact which affords a strong argument in faTour of the diatomicity 
of manganese, inasmuch as if the metal bo regarded as monatomic, the formulm of 
the permanganates and perchlorates do not exactly correspond, the one containing 
2 at. Mn, whereas the other contains only 1 at. Cl. 

Permanganate of Ammonium. Mn*(NII*)*0*.— When ^rmanganato of silver 
is triturated with an equivalent quantity of sal-ammoniac and with water, a purple-red 
solution is formed, which, when decanted from separated chloride of silver, yields by 
evaporation, crystals corresponding in composition with the above formula, and not 
containing any water of crystallisation. They are trimotric, and similar in form to the 
potassium-salt, but with somewhat different angles: a: b : cs=0*8060 : 1 : 0*6619. 
ooP : ooP = 77° 40'; Poo : Poo =78"^ O'. When dried by heat, they quickly decompose. 

Permanganate of Barium. Mn*BaO“. — This salt may be prepared by passing 
carbonic anhydride through water in which impure manganate of Wium, obtained 
by calcining peroxide of manganese wnth nitrate of barium, is suspended, till 
the salt is completely decomposed, then decanting, boiling for a while in orrier 
t4) decompose the resulting acid carbonate of barium, and evaporating the clear 
solution to the crystallising point. Or permanganate of silver is docomposeil by an 
(*<l[uivalent quantity of chloride of barium dissolved in water, and the solution is 
evaporated. 

Permanganate of barium forms black prisms, permanent in the air, and isomorphous 
with anhydrous sulphate and selonate of sodium (Mitscherlich). When the rod 
solution of this salt is mixed with baryta-water, it acf]uiro8 a violet colour, loses after a 
while its alkaline reaction, and yields by evaporation crysUvls of manganate of 
barium. 

The permanganates of calcium^ cojyper^ magnesium, sodium, strontium, and einc are 
prepared like the ammonium-salt : they are deliquescent and difficult to crystallise. 
'The lithium-salt crystallises more rapidly. 

Permanganate of Hydrogen, or Permanganic acid, Mn*JI*0“, — This 
acid may be obtained in the state of aqueous solution, by decomfjosing tlu^ barium-sHlt 
with sulphuric acid. As thus obtained by Mitscherlich, the free acid appeared to be a 
l)ody not more stable than peroxide of hydrogen, being decomposed between 30'^ and 
40°, with escape of oxygen gas and precipitation of hydrated peroxide of manganese. 
It bleached powerfully, and was rapidly destroyed by all kinds of organic matter. 
Hiinefold, on the other hand, obtained permanganic acid in a state in which it could 
be preserved, evaporated, redissolved, &c. He washed the manganate of barium with 
hot water, by which it is resolved into dioxide of manganese and permanganate of 
barium, and then added to it the quantity of phosphoric acid exactly neccs 8 ai 7 to neu- 
tralise tlie baryta. The liberated permanganic acid was dissolved out, evaporated to 
dryness, and by a second solution and evaporation, obtained in the form of a reddish- 
brown mass, crystalline and radiated, which exhibited the lustre of indigo at some 
|>oints and was entirely soluble in water. When the dry permanganic acid was fused 
m a retort with anhydrous sulphuric acid, and afterwanls distilled at a higher tem- 
perature, an acicular sublimate of a crimson red colour was obtained, which appearf^l 
to bo a combination of permanganic and sulphuric acids, nkraolius’ TVaiti, i. 622.) 
When monohydrated sulphuric acid is poured upon a somewhat considerable quiintity 
of crystallised permanganah^of potassium, the salt is decomposed, with great evolution of 
heat, red flames bursting out, oxygen being mven off, and manganic oxide being set 
free in dark-brown flakes and shreds like spider-lines. The red flames seem to show 
that permanganic acid is gaseous at the high temperature produced by the reaction. 
Its volatility has been furtlier demonstrated by 'Terreil (Bull. 8oc. Ghim. de Paris, 
1862, p. 40), who makes use of this property to obtain the acid in the pure state. For 
this purpose, permanganate of potassium is dissolved in sulphuric acid (IPSO*) diluted 
with 1 at- water ; and the gre^'nish-yellow solution is distilled over the water-bath at 
60® or 70®. The apparatus then liecomes filled with viohd, vapours, which condense 
to a soluble greenish-black liquid, not containing either chlorine or sulphuric acid, but 
consisting of pure permanganic acid. It is difficult, however, to prepare a large quan- 
tity of the acid at once in this manner, inasmuch as, at a certain moment, as soon as 
the quantity of the distillate has become somewhat considerable, it decomposes spon- 
taneously, with slight detonation and separation of manganic oxide. ^ ^ ^ 

Permanganic acid thus obtained is a thick, greenish-black, metallic-shining liquid, 
which i^pears to be capable of solidifying. It greedily attracts moisture ; its solution 
has a Tiolet colour, and, if protected from dust, may, when dilute, be preserved 
with tolmble facility. When quickly heated, it detonates ; but if slowly warmed, it 
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Tolatilises in violet vapooM, Having a peculisir metallic odour. It poesesMS very gmt 
oxidising power, instantly setting fire to paper and alcohol, the latter with explosion. 
In contact with fatty bodies, it detonates with violence. When a few d^ps of aqueous 
sulphite of potassium are lot fallen permanganic acid, a vcr>’ brisk reaction Ukes place; 
part of the acid is carried forward in vapour, and the vapour decomposes as it 
diffuses through the air, depositing a shower of brown flocks. Pcrmaiiffinic acid dis- 
solves to a certain extent with green colour in strong sulphuric acid. Iho solution in 
acid containing 3 at. water, is violet ; a difference which seems to indicate the existence 
of ah anhydrous and a hydrated permanganic acid. (Terreil.) 

Permanganate of Lead, Mn'-^PbO", is formed, on mixing a solution of nitrate 
of lead with prmanganato of potassium, as a brown precipitate, soluble without residue 
in nitric acitl. 

Permanganate of Potassium. Mn^KW.-This salt may bo prepared l^ tho 
following processes:—!. One pt. of peroxide of manganese is ignited with 1 pt. of 
hydrate of potassium (or 1*8 of nitre); the re.siilting mass dis.solv^ in wab^r; and 
tho red solution decanted and evaporated, rapidly at first till small needles appear 
afterwards cautiously, so that the crystallisation may go on regularly (C h e v 1 1 1 o t ami 

Edwards). 2. Chlorato of potassium being kept in a state of fusion over a spint- 

lamp hydrate of potassium is first added to it, and then an excess of finely -divided 
peroxide of manganese, which immediately dissolves, forming a splendid green solution. 
The mixture is then heated till the whole of the chlonito is decomposed; and the mass, 
when cold, is boiled with a small quantity of water, whereupon the green ca^lonr of Mie 
solution changes to red ; finally, the liquid is decanted from the iKTOxide of manganese 
while still hot, and set aside to crystallise by cooling (W ohler, 

(Ircgory (J. Pharm. xxi. 312) adds a solution of 10 pts. (3 at.) of hydrate of potas- 
sium in a very small quantity of water to a finely-divided mixture of 8 pts. (3 at.) of 
peroxide of manganese and 7 pts. (1 at.) of chlorate of potassium ; eyaiwrates to dry- 
ness during which a small quantity of mineral chameleon is formed; ignites the finely 
powdered mass in a platinum crucible over a spirit-lamp, till the whole of the chlorate 
of potassium is decomposed (for which a low red heat is quite sufficient) ; reduces the 
semi-ftiscd mass to coarse powder; Ixiils it in a larger quantity of water ; allows the 
insoluble portion to sulisido, and decants ; evaporates the clear solution rapidly ; again 
decants from the freshly precipitated peroxide of manganese ; and leaves the solution 
to crystallise by cooling. The crystals are then washed with a small quantity of cold 
water; dissolved in the smallest possible quantity of boiling water ; and the solntMMi 
is left/to crystallise by cooling. In this manner needles are obtained three-quarters of 
an inch in length, and amounting in weight to alxiut a third of the peroxide of nianpi- 
nese employed. If it be desired to filter the solution, in order to avoid the loss arising 
from decantation, a funnel may be used, having its neck filled with asbestos. 

The salt crystallises in dark pnrple-red needles, having first a sweet, and aflerwar s 
a rough taste; it does not redden turmeric, and is pi'rmanont in the air. The crystals 
HTV trimetric; a 0-79623: 1:0-6478; «P ; »P = 76° 69'; P® : P=o = 78“2( . 
They are prismatic, exhibiting the combination ooP . Poo , the latter often predominant , 
frequently, also, with oP and other faces. The salt dissolves in 16 pts. water at 15 . 

The crystals decrepitate when heated, evolve 10*8 per cent, of oxygen gas, and are 
converted into a black powder from which water extracts mangaiiate of potassium, 
leaving 64 per cent, of black manganic o^ide. When heated in an atmosphere of 
hydrogen gas, they become red-hot and diminish in bulk, at first rapicUy, afterwanls 
slowly, with formation of a green mixjlwre of hydrate of potassium and protoxide o 
manganese. The salt, when triturated ^ stUphiir, produces a senes of small detona- 
tions. Mixed with an equal weight of sulphur and heated to 177°, it explod^ with 
flame Phosphorus produces a m«ch louder detonation when triturated with it, also 
when heated with it to 70°. Charcoal, arsenic, and antinwny likewise take fire when 

heated with the salt. , , , ^ i « 

A solution of permanganate of potassium containing perchlorate, deposits crystals con- 
taining the two salts m the same proportion as the solution. In presence of a very 
large excess of perchlorate, they are red ; but if the proportion of permanganate amounts 
to one half, they appear black. 

Permanganate of Silver, Mn*Ag*0", is obtained, according to Mitscherlich, on 
mixing warm solutions of nitrate of silver and permanganate of pobissiiim, the elu- 
tion as it cools depositing the salt in large regular crystals, which require 190 times 
their weight of water at 16® to dissolve them. In warm water they are much more 
soluble, but they cannot sustain a boiling heat without decomposition. 

Tho manganates and permanganates, especially the latter, are used as oxidising 
agents for a variety of purposes. A solution of permanganate of potassium is quickly 
deoxidised, aud consequently decolorised, by^jinlphurous acid, by neutral soluUons ol 
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folpliidM and ^tathionates, and acid solutions of sulphites, hyposu^hiU^ tetm* 
thionates, sul^ocyanates and nitrites; more slowJy by trithionates. Acidulated 
solutions of mercurous, ferrous, stannous and antimonious salts, and acid solutions of 
arsenions acid, likewise rapidly decolorise a solution of a permangmiate. A solution of 
permanganate of potassium constitutes a test-liquid of groat use in volumetric analysis, 
us we have already had occasion to notice (see i. 263; ii. 69 ; iii. 384). 

The manganates and permanganates likewise act very rapidly on organic matter, and 
may therefore be employed as disinfecting agents. Solutions of these s^ts have, in fact, 
lately been prepared on the large scale for this purpose l>y Mr. Condy. Putrid water 
from stagnant pools is rapidly deodorised by these solutions. Their freedom from 
odour and perfectly innocuous character render them available for many purposes for 
which other disinfectants cannot b(‘ used, as for application to wounds and foetid 
sores: they may also l>e advantageously used for the purification of tainted provi* 
siofts. On the other hand, their fixed character renders them less adapted for punfying 
infected atmospheres than the hypochlorites, which evolve a gas capable of acting on 
the organic matter in the air. (StM? Hofmann’s Rtyort on Chemical Prodftets and 
Vrocpsfu's in the International Exhibition of 1862.) 

BiAVOAJrZTS. Native manganic hydrate (p. 810). 

BKAJrOXFXSA OABOWBSTSXS. The tree which yields the so-called Dika 
bread (ii. 330). 

WVBKBB. See Beta (i. 682). On the changes which take place 
in the composition of the plant during its growth, see R. Hoffmann. (Bull Soc. 
Chim. de Paris, 1864, p. 393.) 

MASrCM>8TXBr. (P®H**0“. (W. Schmid, Ann. Ch. Pharm. xciii. 83). — A sub- 
stance contained in the husk of the fruit of Garcinia Mangoetana (ii. 771). To obtain 
it, the dry husks are boiled with water to extract tannin, then treated with hot alcohol, 
and the alcoholic extmet is left to evaporate, whereupon it deposits man^stin as a 
yellow crystalline substance, mixed with a large quantity of yellow amorphous resin. 
To remove the latter, the whole is dissolved in alcohol, and the solution is mixed with 
sufficient water to render it opalescent; it then, on cooling, deposits, first the riwin, 
afterwards the mangostin in small yellow laminae. For further purification, the alco- 
\\(A\c wAntioxv is pTec\\)'\laled with basic acetate of load ; the washed precipitate is 
RUHpend(*d in water, and decomposed hy snlphydric acid ; the fthrat© is mixed at tho 
l>oiling heat with water, till it becomes milky ; and the mangostin which sepamt-es 
from it on cooling is finally purified by crystallising it several times from dilute 

alcohol. . 1 • i. 

Mangostin thus prepared forms thin golden-yellow laminae, destitute of taste and 
smell. It mclte at about lOO^, without loss of water, to a dark-yellow liquid, which 
solidifies to an amorphous mass; by a stronger heat, the greater part of it is decom- 
jKised, the remainder subliming unaltered. It is insoluble in water, but dissolves easily 
in alcohol and in ether, forming neutnil solutions. Warm dihtte aride dissolve it 
without alteration ; by heating with strong nitric acid, it is converted inU) oxalic acid. 
AlkaUe dissolve it with yellow or brownish colour. It reduces the noble me^U from 
their solutions: with ./erne chloride^ it forms a dark greenish-black solution, the colour 
of which disappears on the addition of acids It is not precipitated 1^ any metal he 
salt, excepting 6astc acetate of lead. The yellow precipitate thrown down from the 
alcoholic solution by neutral acetate of lead and a little ammonia, 

100°), in one experiment, numbers agreeing nearly with the formuhe 40 Jl O .oroU. 

BLAVXBOTXC ACZD. An acid said to have been obtaincfd from tho root of 


Jatropha Manihoi \ it crystallises in prisms, having an acid taste, and forms, with 
baiyti,lime, and magnesia, neutral, easily fusible salts, erystalliHing in n<xlules ; but its 
existence is not well established. (Handw. d. Clicm. v. 113.) 


OVM. A resin of unknown origin, resembling Cooal and Dammara 
resin. It dissolves for tho most part in alcohol of 90 i>cr cent., and melts easily, dif- 
fusing an odour like that of the resin of the Conifer*. (Buchner.) 

IKABnoC. The Indian name of the nutritious matter of Jatropha Manikd, from 
which cassava and tapioca are. made in the West Indies. It has been analysed by 
Payen. (Compt reni xliv. 401.) 

BtAJnrA. A saccharine juice which exudes from certain species of ash and other 
plants. It has a strong smell, a sweetish, slightly nauseous taste, and acts as a mild 
purgative, but is also more or less nutritions. e u 4 h^ 

The trees which yield the manna of commerce are two OTiecies of ash gro^ng m the 
wanner patta of Europe and in the East, viz., Fraxinn* Linn., whi^ jm)WB in 

the SontE^ Europe, in mountainous silfepations, especially in Calabna and Sicily ; and 
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FtaHnui reiu/ndifoliat Lamarck^ or Omus rottmdifoUd^ ^Persoon — ^tho roaod-leaved, 
flowing, or manna ash, which ^ows in Calabria and in the According to 

Pecandolie, it is from this latter tSe that manna is chiefly obtained. The manna flows 
natnrallf from the trees, and attaches itself to thoir eides in the form of white trans- 
parent drops; but the extraction of the juice is facilitated by incisions made during 

finest kind of manna is called flake manna {Manna cannvlata\t\ caruUata). 
It is white or yellowish-white, light, porous and friable, the fractured surface exhibit- 
ing a number of small capillary crystals. Its odour somewhat resembles that of 
honey ; its tastOi^ sweet, but afterwards rather acrid. 

Inferior sorts are: 1. The Sicilian manna, which is the commonest in English com- 
merce, consisting of small, soft, round fragments of a dirty yellowish-brown colour, 
intermixed with particles of dark flake-manna : this kind conteins many impurity. 
—2. Manna in sorts {in 8ortis\ which may be subdivided into : a. Gerace, which 
approaches most nearly to flake manna ; and, i3. Cajpace, which comprises not only 
that from the district so called, but also that of Cinesi and Faberetti in Sicily ; it is 
fatty, sticky, and hard, though clearer in appearance than the last. — 3. Manna calabrina, 
which stands between the last two (a and i8), but is now of rare occurrence in com- 
merce.— 4. An inferior kind, known as Manna communis, is found in the Neapolibin 
province of Capitanata, on the declivities of Mount St. Angelo. It is not fatty, but 
very damp, and is chiefly consumed in Ibily, and sent to the Levant The yearly pro- 
duction of this kind of manna amounts to more than 200 tons. 
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Mannite .... 
Sugar . . . . . 

Mucilage, with some mannite, 
resinous and acid matter, 
and a small quantity of nitro- 
genous substance 
Insoluble matter . 

Water 

Ash 
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According to Buchols.* 

Mannite . . . 60*0 

Fermentable but un- 
ci^stallisable sugar, 
with colouring mat- 
ter (purgative bitter 
matter ? ) . .6*5 

Sweetish gum . .1*5 

Gummy extractive . 0*8 

Fibro-glutinous mat- 
ter .. . 0*2 

Water and loss . 30 0 
980 

There are also several varieties of saccharine exudations, known under the name of 
manna, not produced by the ash. Of these Landerer enumerates eight, viz. : 1. Manna 
larieina, from the leaves of Larix euroyaa ; also called Brian^on manna. According 
to Berthelot, it contains melezitose {q.v.).—2. Manna cedrina, from the branches of 
Pinus cedrus. This variety is brought from Mount licbanon, and has great repute in 


40-8 

0- 9 
130 

1- 9 
i04-5 


421 

3-2 

111 

1- 9 

105-3 



the exudation of S^sarum Alkago, a plant indigenous m Arabia, and growing also 
in the maritime districts of Greece. This Ioanna is supposed to exude from the Hedy- 
sarum, which covers extensive plains in Arftbla and Palestine, as a result of the wounds 
produced on the plants by the browsing of sheep and goats. It is used as nutriment 
by the Arabs, as well as by those who form the caravans which cross the Dewrt. 
According to Landerer, it is this variety, and not the produce of the ash, which corre- 
sponds to the mel ex aere of Pliny, and the humor melleus of Theophrastus.— 8. Manna 
tamariscina, call^ also Manna IsraUitarum, and believed by Landerer to be the manna 
mentioned in the Old Testament. He informs us that this exudation is produced by 
the puncture of Coccus manniftrus, an insect inhabiting the trees of Tamarix mannifera, 
which grow abundantly in the neighbourhood of Mount Sinai. The manna exudes as 
a thick transparent syrup* covering the smaller branches, from which it flo^ It is 
collected by monks of the district in the month of August The collection takes 
place very earlv in the morning, at which tiiue, owing to the cooing of the night, the 
aaccharine juice has become to some extent ^ngealod. The tamarisk man^ w eaten 
in Palestine, and in the district of Sinai, as a Oelica^, and is said to be efficacious in 
diftftst m r of the ch«rt% - It is soluble in water and alcohol, aoA^ the aqueous solution 
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i^adily 


: yields lias a peeaHiuP 


5 per cent. 
Kurdistan 


gfooea fementation. The* alcohol yrhich n yiuius uw « p«cHtt«r 

Ming that ftom the fruit of Ceratonia sUiqua, \rtiich <»ntiviM butyric 11* 

thotefcre contain fermentoblo sumr, in fWe of mamitc [or ^th^ wth 
ths luttarl ( Pereira’s Materia Mediea, 4fh eu. vol. ii. [1] p. 673.) According (O Be r> 

JhVlotTconipt rend. liii. 883), the tamarisk manna from Sinai contains 68 narMnt 
cane-sugar. 26 inverted sugar (ii. 863), and 20 dextrin. &c ; manna from 
Sntili^i per cent, cane-sugar. 16 6 inverted sugar, and 22-6 dextrin, &c. 

I See the next article, p. 825. 

aCANHXTASr.) 

usAVirXTB* Stiqar of Manna, Sugar of Mushrooms. --This sahstance 

wJsdis™” by Proust (Journal f. ciiem. u. Phys. v. Gehlen ii. 83X and has W 
investurated by many chemists, including, among others, Liebig, brimy, ^rechcr, 
BerdiXt, Wanitlyn, Erlenmeyor, and Linnemann. (For references, see Gimitn a 

^T^foUowlng plants and parts of plants contain mannite ready formed: the roots 
at Aconitum NtmUua; of celery, from Apium. grawolem ; of Meum athamantwum; 
^ manthe ci^ta; of PolyjHdium vulgare ; of Soorsonera /fwpawica ; the root- 
bark of Tunica Qranatum fconstituting LatouFs Granatm] ; the roots of 
rrvens. The bark of Canella alba contains about 8 per cent, of mannite; tlwt of 
/tTfmnMS contains manni^^^ The leaves and young twigs of Synnga 

aaris contain mannite [which, mixed with LUai in, constitutes Benny s Sgnngm. alw, 
the leaves of Liguatrum vulgare ; celery-leaves ; the foliage of Cocos ntteifcra . t e 
fruit of Laurus Persea, of Cactus opuntia. Coffee-beans contain niannite, acconliiig 
irDobereiC Ergot one year Contained mannite. that of another year mycose. 
Many / mw^* contain mannite. On alga there is often found an efflorescence 
whic^ acc^ing to Stenhouse, may also be obtained from the dry alg» ; according to 
Phi^rmSnite does not exist in fresh algm. but is formed from vegetable muciiago 
by f^entation. It is formed very abundantly dunng the viscous ^ 

suirar and to a greater or less extent during fermentation generally In the trans- 
fection of staiS into glucose by boiling wiSi dilute sulphuric acid, it i*! also form^ 
^T^nL^roduct.® Finally. Linnemann (Ann.^^h. Pharm. cxxiii. 136) has 

obtained it by the action of sodium-amalgam on glucose. , | ^ 

Mannite w usually prepared from manna, which is treatwi with boiling alcohol, and 
the alcoholic solution kwed to crystallise. On 

purified by recrystallisation, and appears to be very easily obtainable in a high state 

^^ffanmte crvstallises in thin four-sided prisms, which sometimes grow to a consid<|r- 
able size ^e of the characteristics of mannite is the ease with which it may bo 
Sjlbed Its in water or in alcohol The crystals contain no water 

of cjystam»tion.^and^^^^^ At .80. 1 pt. of mannito 

dissolves in 80 pts. of alcoM (specific gravity 0-898), and in 1,400 pts. of "''“•“fj" 
alcohol In boilinff alcohol it is much more soluble. In eltur, it does not dissoUo at all 
“ An aqueous sZtion of mannite does not become syrui-y on 

svaportted; in this respect it differs strikingly fr<..n a so u ion of sugar It is only 
slieklv sweet to the taste. It does not exert any action on lailarised light. 

TSifte^Ss frem sugar in its power of resistance to the “‘’'^of heal^ m^^^^ 

K„^^ri«ivo iRfto. about 200° it begins to Iwil, and mi^ be ilisuuea wnn 
ve~ul dec^Josition, even at the oidinary atmospheric rressure 1“ ^ 
it ^ bear a heatof 260» without suffering much decomposition , at higher tempera 

*Ti:r;^tpWe^pt under V 

bUK of a bsau'Jifu^lue.pun.le solution iimU^ 

K may ^fb^ vrinolntion of poU.h without imparting a brown colour to the 

(Chmae organigw fQ0^ kIT mixture of mannite with diffletent acidu to » 
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^e denee^ A&d Imn previously diseover^d by Flores Doniik^ mi iS^^tS^847), snd 
then iojAtig^ted by Strecker. 

The oonnec^on bc^een mannite and the bexylic group #im «2ioiite Waiiklj^n and 
Erlenmeyer in 1861 , by the conversion of mannite into iodide of bexyt, by means of 
bydriodic acid ; * 

C*H»(HO)« + llHI - C«H«I + 6H*0 -h 61* 

Mannite. 

By this transfomation the formula of mannite, which up to that time was doubtful, 
was fixed with^oortainty. 

The ohemi(^ character of mannite is that of a polyatomic alcohol: it is a hex-atomic 
alcohol: 




Or, it may be regtu^ded as hydride of hexyl in which 6 atoms of peroxide of hydrogen 
replace 6 atoms of hydrogen : 

C‘‘H*(HO)‘» : type, 

It is closely related to the sugars, glucoso becoming mannite when acted upon by 
nascent hydrogen, whether that hydrogen be a product of fermentation or of the action 
of sodium-am5gam on water: 

. ^ + H* « 

Olucoie. Mann*te. 

Glucose is probably derived from the hydrocarbon being C*H*(HO)* 

On being heated to a temperature of 200*^, mannite loses water and passes into 
maunitan (Berthelot): 

C»H'*0* - 11^0 » 

This conversion seems to be partial. Mannite is likewise converted into mannitan 
by prolonged boilii^ with strong hydrochloric acid. 

When mannite is oxidised with m'tnc acid, it is converted into saccharic acid, 
and not into mucic acid : on pushing the oxidation further, oxalic acid is obtained. 

Fusion with caitstic poia/tA^auaeB disengagement of hydrogen, and production of for- 
mate, acetate, and propionate of potassium. Distilled with iime, it appears to give 
acetone. 

With fuming nitric acid, or better with a mixture of nitric and svlphuric acids, it 
gives nitro-maii nit 0 , C"H‘‘(NO*)®. 

With sulphuric acid it gives a coupled acid, sulpho-mannitic acid: 

Heated for some hours to a little over 200® with organic acids, it forms salts which 
bear a considerable resemblance to the fats. (Berthelot.) 

When it is heated with bromide of ethyl and potMsh, it furnishes ethyl-man n it e. 

According to Berthelot, when it is kept for several weeks in contact with water, chalk 
and cheese, or other protein-compound, at a temperature of 40®, it gives rise to alcohol, 
carbonic, lactic, butyric and acetic acids, and hydrogen : at the same time there is no 
production of yeast, and no fat, nor glycerine nor sugar. If a slit testicle be employed 
as a ferment^ then there is production of sugar. 

Inasmuch as glycerin has been produced artificially from a derivative of propylene, 
viz., from C*H“Br*, there is reason to expect that mannite will be made from a deriva- 
tive of hexylene. Up to the present time,%twever, the synthesis of mannite has not 
been realise. - * 

Salts of Mannite . — In Berfhelot’s Chemie organiq\ui, ^c., a number of organic 
salts of mannite are described, i. e., acetate, butyrate and dibutyrate, palmitate, 
stearate, oleate, benzoate, an^ tribenzoate. They are prepared in general by heating 
mannite or mannitan with the add to a temperature ranging between 200® and 250® 
for from 12 to 15 hours. At the end of this process more or less of the salt is found. 
In order to purify the salt, the crude product is treated with excess of an dkali 
(baryta or carbonate of sodium) which oombines with the add that has not .been used 
lip by the mannite or mannitan, but does not attack the organic salt which has been 
produced. Ether is then added and dissolves the salt The ethereal solution, on being 
evaporated, yields the salt, which is an oil or a fot according to add employed. 

Of the salts above mentioned fke but^te appears to be Uie easiest to prepare; but 
in all cases only a portion of the mannite or .mnnitan undeiapee oonvenmn into a 
salt There is tlie dosest resemblance, both | fe| ; wq|^ aad’^liimicaUy, between the 
salts of £dy<^|^ a^ ^ese ^ts of mannite. v? 

OH'H)*. 





^ . ^ .these salts as derivatives, n^iL 
ijfoaa^ulB (given under Sanssm, li i 


bufenl mannitan, 
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ll^uuildAi » C^**0* — 2HK). — Discovered by Bertbel<^ iv!^ oStalmid 

it by acting apon mannite with butyric acid. It constitutes a i^yrup^ wh^ iii At fikst 
sweet to the taste, and afterwards bitter. It is veiy soluble in water and In ahsolute 
alcohol, even in the cold. 

A remarkable circumstance connected with it is its volatility. It is sensibly volatile 
at 100®, and evaporates rapidly at 140°. 

It Is highly deliquescent, passing gradually into mannite when it is exTOsed to a 
moist atmosphere. Exposed in an open vessel to the air in the usual state, it 
absorbs as much as 40 per cent, of moisture, whilst in air saturated ilHth moisture, it 
will sometimes take up as much as 80 per cent. 

Mannide is not an ether, but a derivative of the hydrocarbon O^**, ?»., 
C*H‘(HO)<. - \ 

%Sannltaii. C*H‘*0^ — Discovered by Berthelot Obtained^ but only in small 
quantity, by heating mannite to about 200®. A better method of prepaMti<m is by 


give mannitan on sapouitication, the munnitau passing subsequently more or less 
completely into mannite. 

Mannitan is a syrup with a slightly sweetish taste. It may bo very readily 
distinguished from mannite by its solubility in absolute alcohol, which thus affoids a 
moans of effecting a separation of these two substances. It is very soluble in water, 
but insoluble in ether. 

On being exposed for a length of time to the atmosphere, it undergoes a very partial 
conversion into mannite. Boiling with alkalis or dilute acids accelerates this change. 

When heated above 140®, it partly volatili8<;8. 

With respect to its rational constitution, it appears to the writer of this article that 
mannitan is not an etlier of mannite. It would seem rather to be derived from a 
lower hydrocarbon : 

Mannite being derived from 0«II'S i. r., C*H"(HO)*. 

Mannitan „ from «. ft, 

The ease with which hexylic compounds pass into hexylene is again encountered in the 
mannite compounds, which arc hexyl-comijounds that have suffered replacement of 
hydrogen by peroxide of hydrogen. (See Iiexyl-compounds.) 

Kltro-mannlte. C®H“(NO’)*. — Prepared by treating mannite with the strongest 
nitric acid and sulphuric acid. It forms beautiful fine white acicular cpystals, insoluble 
in water, but soluble in alcohol or ether. It cxplo<li*s very vioh iitly on being struek 
with a har<l substance. If carefully heated, it may l>e decom posed without explosion; 
but when it is suddenly heated, it explodes, but not witli great violence. It'Seeins to 
suffer spontaneous decomposition qn being kept for a long time. 

It has been proposed to use nitro-inannito for charging percussion-caps, but 
apparently without success. 

A reaction of nitro-manuite wliich is of considerable theoretical interest is that with 
sulphide of ammonium, by which reagent it is coiivert<*d, not into a nitrogenous 
organic base, but into mannite. 

Siilp]to«maiiiittio aoid (C*n'*0'’3SO*). A kind of mannite-sulphovinic acid, is 
formed by the action of strong sulphuric acid u|)on mannite. A barium-salt, 
C*II"Ba*^3SO*, and other salts of this jicid, have been obtained. J. A. W. 

MAmrxnc ACXB. CIl'-'O*. — An acid produce<l, together with maiinitose, by 
the oxidation of mannite under the influence of platinum-black ; it was first observed 
by Ddbereiner, and more completely investigated by (J oru p-Besanez (‘Ann. Oh. 
Pharm. cxviii. 257). To prepare it, mannite is mixed with twico its weight of pla- 
tinum-black ; and the mixture, moist^jnod with water, is exixised to a temperature not 
exceeding 30® or 40® at the utmost, as long as it contains any undecomfiostjd mannite 
(about three weeks for 20 or 30 grains of mannite). The mass is then exhausted mth 
water; the solution precipitated with basic ac(‘tate of lead ; the well- washed precipi- 
tate deeomposed by sulpnydric acid ; and the solution is evaporutod, first over the 
wateivbath, then in the cold over sulphuric acid. 

Manoitie acid is not crystallisable, but forms a gummy mass, soluble in water imd 
in alcohol, nearly inscduble in ether. It reduejes cuprous oxide from an alkalioa 
cupric solution, and throws down metallic silver from the nitrate. 

The manhitateatsive not yet bed! obtained in the crystalline fbrro. The com^ 
siiion of the salts nTnilJitd Ivr <«fl|^WManez corresponds with the formula 
The calcium^, i|^|^jpitated from its aqueous setotitn by alcohol. 

a amorphous miMS aqnem 
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The lead-salt, OH’^Pb^O’, separates on cooling the a^i 
r mannifcic acid with lead-oxide. The siltfer-sdt, 

enfrafArl oaK.** ^ > 


H solution is evaporated. 

11911 obtained by boaing 1 . . , 

,sepMat€8 as a gRemsh-yellow precipitate on muung a concentrated solution rfthe 
(aJeinm-salt with nitrate of silver. 

MAHVrrOSS. OTT'W-A kind of sugar, isomeric with glucose, pwdnced 
. mermlticacid ill the oxidation of manmte under the Muence of phtinm- 

^(STrup-Besanea, U cti.). It is fermentab^ but does not act on ^krised 
liiht It exhibits, with alkalis, alkaline cupnc solubons, bmc nitrate of hmnth, 

A'nate of sodium, and other reagents, the same behaviour as datro-gluerae (. 1 , 860), 
bat does not units with chlorids of sodium ; its alcoholic solution mixed with alco- 
holic potash containing 11 ‘27 per cent potash, forms a semiduid yellow precipitate, 
corresponding with the formula K^0.2C«H>W (Gmolin’s Handbook, xv. 339.) 

mCAlOiniSi Dunger. Engraia.— This term, in its widest signification, is appli- 
cable to any material used in agriculture and horticulture for the purpose, and nith 
the effect, <5f accelerating vegetation, or of increasing the production of cultivated plants. 
In a usual and more limited sense, it signifies the accumulated refhse of the dweU- 
ings, stables, and cattle-yards of a farm— including animal excreta, decaying remains of 
planta, &c. (See Voelcker, 1866 - 9 , Journal of the Boyal Agricultural Society of 
England, xvii. 191; xviii. Ill; xix. 112; xx. 134; On the Composition of Farm- 
yard Manure.— Lawes, 1862 ibid, xxiii. 46.) Burnt lime, marl, clay, gypsum, &c. 
are also commonly used as manure. i « 

In addition to these kinds of manure which are produced upon the form as t lie 
result of its internal economy, or obtained in the immediate neighbourhood of the land 
to which they are applitnl, a variety of other materials are employed for the same pur- 
pose, under the name of artificial manure. These materials aro chiefly obtained hy 
the farmer from extraneous sources, and sometimes from considerable distances, accord- 
ing to their value. They comprise guano (ii. 962), bones (i. 619), prepared phosphatic 
minerals (Apatite, i. 348 ; Coprolites, i. 82), ammonia-salts, nitrates, the refuse of 
slaughter-houses and of various manufactures ; fish, sea-weed, &c. ; the refuse of towns, 
in the form either of night-soil or sewage ; and artificial saline mixtures. (See Ure’ s 
Dictionary of Arts, Manufactures, and Mines, iii. 36 et seq. ; also Way 1849, Joum. 
Boy. Agric. Soc. ^g. x. 196— Composition and Value of Guano, 1851, Ih. xii. 204— 
On Superphosphate of Lime, 1856, Ib. xvi. 633 — Value of Artificial Manures.— 
Voelcker, 1861-2, Pnd. xxi. 360; xxiii. 277--Cheraical Composition and CommcJ- 
cial value of Phosphatie Manures and Artificial Manures.) 

The fertilising influence of manure is a fact which has been established by universal 
experience wherever the cultivation of plants has been pmctised. In agriculture- 
considered as that branch of industry which is concerned in the manufacture of food 
for man and domesticated animals, and therefore the most important art of civilised 
life— manure may be regarded as being, to a great extent, the raw material employ<^. 

A complete knowledge of the causes to which the efficacy of manure is due, and of the 
mode in which it acts, would comprise the whole chemistry of agriculti^. The right 
manag('ment of the manure naturally re.sulting from systematic agriculture is 
basis on which rests the profitable pmctice of the art, the fundamental principle which 
should regulate all the operations of the farm, and determine all their details. It is 
only by means of such knowledge that it can be possible to modify and improve the 
method of culture, or to make a right selection and use of other materials, besides the 
natural manure of the farm, with the object oLaugmenting, artificially, the produce of 
land, by rendering effective, in a higher degree, the natural sources. of fertility. 

The principles involved in the action offmanure are to some extent deducible from 
that knowledge of the general phenomen»"iof vegetation which has been acquirc'd 
chiefly within the present centuiy, and has begun to assume consistency and system 
only within the last five-and-twenty years. The data upon which ^at know- 
ledge is foundeti were contributed chiefly by the successive researches of Priestley, 
Ingenhoiisz, Sennebier, Woodhouse, Saussure, and Davy. But though 
they afforded materials for a view of the chemistry of vegetation, more con^t t^n 
that which considered decaying animal and vegetable substances as the chief food of 
plants, they were hut little regarded; and though the researches of Saussure were 
conducted with special reference to agricultural practice, still the humus theory of 
plant-nutrition held its ground, and was adopted by Davy in his lectu^ on the 
“Elements of Agricultural Chemistry,” delivered before the Board of Apicultnro 
betwoed 1802 and 1812. In those lectures he did little more than state the geneml 
problem to be solved in the application of cbemistiy to agriculture, and insist upon the 
mportant relation between the science and the art ; but they afford some remarkable 
iUustndloDS of the correct appreciation of natural ihcts wbich 1*8 characteristic of his 
(Priestley, 1772, BkU. 7yans.72; IxiL 167-2W.— Ingenhonss, 1779. 
mU <m Vcge4abUs,^€.; 1782 f>kU, Thtns.; 1784, Sur rEoonomie de V4g«- 
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tnvLX, Jour. Phys, xxiv. ; 1798, Essay on the Eood of Plants and the RmoeoHon if 
V^.i-^Hassenfratz, 1792, Jour, Phys, xiii., xiv. Sur la Nutrition de« VigA- 
tttttx — Kirwan, 1794, Trans, Boy, Irish Acad, v, 123. What* are the manures mQ|t 
ftdvantiureously applicable to various sorts of soils, and what are the causes o# the bene- 
ficial e^ct in particular instances? — Sen neb i or, 1800, Physiolitqie viajtale^ #c.— 
Woodhouse, 1802, Nicholson's Journ.—SunsHWrc, 1804, Rccheirhes chMques sut 

la VSgkatum,--l)iiyy, ColltcUd lVori\H, xil, xiii.) .... 

Following in the track of Saiissuro’s researches, Boussingault entered upon 
the study of the same subject, conducting his cxperinieuts on a inuch larger scale, and 
with a more direct relation to agricultural practice than Invil hitherto been attempte^ 
In tliis country, Lawes was also led, by the suggestive work of Saussure, to study 
tlie effects of various earthy and saline substances u^kui the growth of differont plants, 
aiKl the researches of both have been continued to the present time. Boussingault s 
first inemoi 1*8 on the subject were published in 1836, and in the year 1839 he had made 
known results of his investigations, which — besides establishing the composition of 
the most important kinds of agricultural produce; the efficacy of various niatonali m 
feeding animals, and the general relations betwi'eu the composition of tho crops obtainea 
and the manure used in the ordinary routine of practice in his locality— had led him to 
•idont tho conclusions, that tho carbon and niti-og«*n obtained in tho soveral ci-ops com- 
prised in a rotation, amounted to much more than was contained in the manure supplied 
within tho same time; and consequently, that those constituents must bo derived in 
some way from the atnn)sphere during vegetation ; that those idlernations of cropa 
which admitted of accumulations of carl)on and nitrogen being gathortai fi*om the 
atmosphere, and conserved upon the farm most largely, in the form of manure, were 
tho m^t advantageous; that certain plants were l)etter fitted for tins purpose than 
others* and that tho value of manure wjis, to a great extent, indicated by the amount 
of ammonia or nitrogen which it contained. (See Boussingault, 1830, Ann, Chtm, 
Hus • llecherches sur la quantity d’Azoto contenu dans les hourmges, et sur leur 
]‘>mi*valens, Ixiii. 225-244, 1838,lxvii. 408-421 ; Examen C()mparatif (les Circonstauces 
nn^t^orologiqiies sous losquelles vegMent certHines Plantes alimentaireH, A 1 
HOU8 la zone t«mpirA, ib. ■.Vil-bbS ; 18:)7. Das InlluonooN .nAl^oroloBiqm* mir la Culture 
do la Viune Ixiv. 174 ; M^-moiro sur la quantity do (lluten contenuo dans les Marines do 
plusieurs csp^ces de Froment cult iv6es dans le mfune sol, Ixv. 3()1 ; Do 
valour relative des Assolcments par I’analyst* elenmntairo Compt. rend. vti. I H9 , viii. 54.) 

Ingcnhousz and Saussure had alremly adopted the opinion that the carbon of 
plants was, to a great extent, derived from the atmospheric carbonic ,acid ; and the samo 
liuwlmd been put forward by 

as more probable than the humus theory. (Krongniar^ 18W, ryrf., Oon 

sidirations sur la Nature des V/gdIaux qm out couvort la surface do la Torre aux 

diverses ipoques de sa formation, v. 40.1-419.) , • nnfntinn 

But it wiw not until the year 1840 that a comprehonsive theory of plant-nutntion 
was propounded hy Liebig, with m.ch perspicuity and force m to 
attentioiT The fundamental proistsition ot that theory was, that the food of pUnts, 
the materials from which the chief rnassof their siibstanco is produced in ??"• 

sists solely of carbonic acid, water, and ammonia. The chemical 
this view was supported, in opposition to the prevailing opinion, that plants 
their wbZhytSUn, oxygin. and nitrogen from humus, and from other vegetablo 
and animal substances, were conducted in such a convincing and logical manner, tlmt 
Liebig has been generaUy regarded os being entitled 

establiehment of this theory of plant-nutrition, as if the data <>“ ^hich it was b^^ 
had itocether originated with himself. Liebic’s rest^rehes on the pheiionmna of the 
fW Smal and vegetable materials afforded, fogetherwitli the existing knowledge of 
Sph^om^of animal life, the most conclusive evidence that the ultimata products of 
those orJccssos were carbonic acid, water, and ammonia, precisely those materials 
constitutimr^e chief food of plants. Moreover, these siibstanem cannot bo com- 
bined* ta tny way, so as not to contain a far greater iiinouiit of oxygen 
substances of which plants collectively consist, and winch are produced in vegclat on. 

sl^ow.^ threliminalion of oxygen was a necessaiy feature of vi^etat.on 
and threw an e^irely new light upon the known constitution of the atmwphere a^ 
♦V. ej nf «irlionio acm by growing plants ; at once CBtablinhing a mozt 

the ^ the phenomena of vegetation and of animal respiration, and 

Z±re«nX inta^ of theV^ of animal and vegetable We. 

From the that the food of animala ia provided exclusively by the vogeta^ 

kinmtom either directlv in the form of com, roota, fruit, &c. ; or inmrec^, throng 
kingd^ either di T. herbivormia animals, the importanc® of » 

the » reference to the cultivation of planU aa 

Coaa.^uently, Liebig*, exposition 
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luB theory of plant-nutrition bad especial reference to the practice of ngriculture, just 
as the researches of Saiissure, Boussingault, Lawes, and others, had been prose- 
cuted in the same direction ; and it was developed, in its application, into a theory of Hgri- 
<Mltnre. (Liebig, 1840, Chemistry in its Applications to AgricxUture and Physioloij,,) 

In order to illustrate fully tho chemistry of manures, and the principles involvt‘(i iu 
their use^ ds well as in the general routine of agricultural practice, it will be necessary 
to give a brief statement of the general features of the chemistry of vegetation, con- 
sidered from an abstract point of view, so far as the present knowledge of that subject 
will permit ; then to describe the conditions which exercise the chief determining 
influence uix>n vegetation, in regard to the object appertaining to agriculture generally, 
and the different means adopted for tho attainment of that object, according to the 
modification it receives by the various special circumstances under which the iirt is 
practised. ^ 

The ultimate result of tho growth and development of plants consists in the pro- 
duction of a number of oxygenated and nitrogenous hydrocarbon com [)Ou iid s starch 
sugar (ii. 855), gum (ii. 953), lignin (i. 818), fat (ii. 616), albumin (i. 69), gluten 
(ii. 873), legumin (iii. 568), fibrin (ii. 643), &c., which, in some form of subordinate 
modification, are universal constituents of all plants ; and a great variety of other 
analogous substances, which arc special constituents of particular plants or of particular 
plant-organs. 

The chief mass of the solid portion of plants consists of these substances; it is the 
main function of vegetation to produce them, and thus to provid(‘ food for animals. 
(See Nutrition.) 

These constituents of plants wore formerly termed, in a chemical sense, ** organic ” 
substances, in conformity with tho opinion that they could be produced only by tho 
plant-organism, under the influence of vital action ; and that they were totally distinct , 
in their chemical nature, from tho compounds producible artificially, and from those 
belonging to themineral kingdom, which were termed “inorganic” to distinguish them 
chemically from tho proximate constituents of organised lx)dies— either'’ plants or 
animals-~and from tho derivatives of those compounds. Modern chemistry, however, 
has discarded that opinion, and with it the use of the terms organic and inorganic, as 
expressive of a distinction which no longer ri^presents a recognised dilference ; but 
tho term “organic” is still conveniently applied to the constituents of plants and 
animals without involving such a distinction. (G orhardt, 1853, Traitc dc Chimic 
organiqne, i. 1-6.) 

The materials from which tho proximate constituents of plants are produced in vege- 
tation are few. According to tho present state of knowledge, carbonic acid is the prin- 
cipal source of the carlxin ; but in the case of some plants, a further portion of carbon 
may possibly be derived from other carbon-compounds. (See Humus, iii. 76, and Ulmin.) 
Water is tlie source of hydrogen and oxygen, while nitrogen is derived chiefly from am- 
monia; to some extent also from nitric acid ; possibly from nitrogenous substances ana- 
b^ous tx) humus, and from tho elementary nitrogen of tho atmosphere; but whether 
di^ctly or indirectly, or oven at all, hj\.s not been ascertained. The preponderance of 
evidence is in favour of the opinion that elementary nitrogen is not direct Iv assi- 
mi]atc<l by plants. See on this subject; Saussure, 1804, liechcrches &c.— Davy, 
Collected Works, vii., viii. ;— Boussingaulb 1838, Chim. Vhys. Ixvii. 1-54,’ 
Ixix. 353-367 ; Recherches chimiques sur la Vi^^etation, entroprises dans le but dVx- 
uminersi les Plantes prennent dc I’azotc a ratmosph«!;re, 1854 [3] xli. 1-60- 1855 
xliii. 149-223 ; 1856, xlii. 1-41 ; 1858, Conx^, rend, xlvii. 807 ; 1838, Cmnpt. rend xi 
129; 1839, vii. 889.— Liebig, 1840, ClumiOfy, #c.— Mulder, 1845, The Chmistry 
of Vegetable and Anhnal Physiology.— Ct. VI lie, 1853, Uech-rch s t a^pkr. sur la Vhi- 
tatim; 1856, Comjd. rend. xlii. 679; xliii. 85, 143, 612.— M^*ne, 1851, Compt. rend. 
xxxii. 180, 770. — Roy, 1854, Cmnpt. rend, xxxix. 1133. — Cloez and Gratiolet* 
1860-5, Cmnpt. rend. xli. 775, 935.— De Luca, 1856, Ompt. rend, xliii. 865 — 
Hartiug. 1855, Compt. rend. xli. 942.— Petzholdt, J. pr. Clu'm.lxv. 101-105 — 
Lawes, Gilbert, and Pugh, 1862, On tho Sources of Nitrogen in Vegetation, Phil. 
Trans, for 1861, p. 431 et seq. and, 1863, Joum. Chem. Soc. (2) I. 100.— Lehmann 
Mysiological Chemistry, Cavendish Soc. iii. 178.— Mohl, 7'hc Vegetable CeU bv 
Henfrey, pp. 77-88. 

^ongthe substances above named, carbonic acid, water, and ammonia constitute 
the chief materials of plant-food ; and since it is from them that the oiganic constitn- 
enta of plants are principally produced in vegetation, they have been sometimes called 
toe "oigamc maten^s of plant-food” {Quarterly Peview, Ixix. 336; Schleiden, The 
Plant, p. 178). Under nigral conditions, these substances are constantly supplied to 
plants by w atmosphere (L 437--439X which contains them in sroaR proportion but in 
laige aggregate quantitv, continually replenished by the process of animal life (see 
RvffiPiBXTiOK) ; by the decay of dead animals and plants (Ebemacxusis, ii. 497); hy 
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natttwl phenomenR of the mineral kin^om (i. 770, ii. 836) ; by industrial and 
economic operations (Combustion, i. 1096; Fuel, ii. 722); by min, dew, and the 
evaporation of water fiom the ocean, lakes, and rivers (see Water and Ammonia, 
i 182). It is immateriid whether these substances are supplied to plants exclusively 
the atmosphere, or whether they are derived from other sources as well ; in either ctM 
their value in regard to vegetation is the same. They may, therefore, be termed 
collectively the air-food of plants ; and the organic substances pixxiuced from them in 
veffetetion may bo designated the air-derived eonstitneiits of plants. 8o far as relates 
t^he merely abstract view of the chemistry of vegetation, it is a matter of indiflForence 
whether the materials, constituting the air-food of plants, are derived exclusively and 
directly from the atmosphere, or whether they an> to .some extent derived from other 
sources also, and indirectly; as, for instance, by the decay of humus or nitrogenous 
animal or vegetable substances contained in the soil, «)r supplied to it as manure. The 
casoris different, however, when vegetation is n*garded from a j)mctical |X)intof view— 
as the means of producing food for animals artificially— and when the objects and cir- 
cumstances of the practice of agriculture have to be ineludod in the consideration of 

that subject, the difference is of the highest importance. 

But there are also other materials eoncerned in vegetation besides the carbonic acid, 
water ammonia, &c., from which the plant eonstniets its chief substance. In almost 
all plants, and in every organ of a plant, then* are c rtain substance's- indestriictible 
which remain as jishes when plants are perfectly burnt. (.See Ash, i. 41() seq.) 

The ash of all plants contains ^wtash, soda, lime, magnesia, phosphoric acid, siUr 
pliuric acid, sUica, iron. &e., which, in the case' of land-plants, an. derived ('xdiisively 
from the soil on which tlie plants grow. The relative profx^rtions ot these substances 
vary considerably in different plants, and in the dittcrent organs of the same plant ; 
sometimes also, though in a less degree, aeconling to the eharaeter of tin* soil on which 
the plant grows ; but most of them are, in greater or less amount, constant constituents 
of plants, and are therefore to be regarded as necessary to th(>ir I'Xistence and essential 
to vegeStion. (See Kirwan, 1794. (f. cit. 146, 148- Saussure, 1804, lUchncheB 
t'himiqu£6 8ur la Vegetation ^ pp. 261, 269.) . i 

In connection with the chemistry of agriculture, these substances have been commonly 
culled the “minerar’ or the - inorganic” constituents of ^dants; mineral.* in accor- 
dance with the recognised classification of natural objeots, info rninera , vege able, and 
animal, because they are earthy in their nature, and are likewise derived from hcM'arth; 
inorganic, to distinguish them fnmi the organic mistituents of plants, 
duced in vegetation from carbonic acid, wait*r, and ammotiia. (IL Ihivy.hlernrnh oj 
Aqncultur^ Chemistry, 1827, Collected Works, viii. 40 , H. M,q . ; l.i(*big, Chemistry m 

its applications to Agricidture and Physroloyy, IHAi), p. n et seq ) . , , . 

ThTcondition in' which the above substances are found in the ashes of nlants is 
doubtless very different from that in which they e^xist in the jilants ^ 

very little is known as to what that may be. Ihe functions they perform in vegetation 

• Thi. Ii.!. of thP pnlthet “mineral” to denote thoae con«tltuent» of plant* which are not diiiipat^ 
b, r™r:enV.\V&u'i:'r.m frUth. other 

€ft$e$~~IntematiomU ExhihiUon, IS62, Cla«i II. ihai any real or *uppo»«fd 

chemlatry of agriculture i. a c\Z of. 

ronfuilOT. whether ottermn, ol the ter.n “ mineral.” .ub.tautlng for it 

I ahaiMn lubmitaion to that authority, aiuuin iroin am earthy are derired exc u» vely from 

theauil; and ahall follow the aame rule , .u ,,1 material of plant-food— carimiiic 

by th. .oil, in “ f '• I .L. tho u« of L unn •• .olm.l.” 

JbemlM. : and will yenttire to auicgeit that ihere 
which ia now wndemn^. haa ‘j"* fr^.m 1 f.at line of the term which haa iHjen rui- 

la no reason, beyond ob^lenw to authority. f<>r an*w ^ ^ ‘•..qually to «// the eletnenia, 

doelVoniy m ^ Natural HutorJ aenae. not aa aynoiiymmi* 

“organic.’^ Nor 

with the chemi^l ter... enre to the cheml.try of agriculture. Imhso auch aa to 

haatheoaeof the term “mineral, m apetiai reierci « .. .* ttaed in Ita tiue chemlrai 

indicate ^uiyalence to, or in reference to that , object, during the la*t 

ewae. On m,. r^iion of thTaab-coo.t.tuenta ol pUnta: ami during the laat 

fiayyeu-a at ieeat, for the ‘ inoriranlc” material* of plant-f«*od— cariKinlc 

thirty years, to diaiingtilah .. M (rr»M to the Atricunuritit Great Britain, 

acid, water, and ammonia. Tb‘* i* aptjy l.iehlg-Lirerpm;!. IMS. 
explaining the PrmcipUt and Une qf Artificial M nurcs^y rr ne.aor j " * by We ; and, 

p. slbylL deacriptU, “ They a;e ‘"‘"‘''•f r'^urtlie^ or of their part..” ( Hee al«» 

cooa«<)uently. remain as aahe* after .nmeral *' *0 uM-d, baa a real alivanUge, In being 

Schleidea, Tke P- J" S?l»‘lr*^Jard in wme'inaUncea.by Liebig and other*, for tlw 
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are also little understood. The amount of them contained in plants is 

rorrsmiill; but those which are constant and easenfi^ constituents of parfiXph^ 

M^noce^ to vegetation, must bero^edasmdiBpensablecon^^ 
food. (See Kir wan, op. cit. 149, 157 — Saussure, op. ctf. p. 261.) This is erident 
'from the fact that plants will not grow to maturity under conditions which exclude a 
supply of the ash-constituents found in them under ordinary circumstances. The 
necessity of the ash-constituents in vegetation is rendered still further apparent by the 
fact that the fluids and organa of animals contain precisely those asb-constitnenta 
which are always found in fully-developed plants. (Bile, i. 587; Blood,!. 609; 
Bone, i. 619; Chyle, i. 961; Flesh, ii. 663; Oastbic juice, ii. 822; Musculab 


tissue; Nervous tissue.) 

Moroovop, the functions of tli(‘se ash-constituents in the process of animal life, have 
been so fhr traced, that tln*re cannot be any doubt of their being essential to it, both in 
tlie growt h of animals — when they partly remain in the body, contributing Ii its 
incr(‘ase — and during the life of mature animals, when they no longer remain and ac- 
cumulate in the body, but are eliminated, either directly or indirectly, in common 
with the rest of the daily food, in the excretions, after having performed their quota 
in the chemical process of animal life. (See Nutrition.) 

The ash -constituents of plants have, therefore, a two-fold importance, being essentially 
concerned both in vegetation and in animal life. Since they cannot be derived fnun 
the atmosphere, it is evident that tlie soil on which plants grow Iim a far more impor- 
tant share in vegetation than that of atFording merely mechanical support: that it is 
likewise the source of an essential portion of their food. (See ante, p. 829.) 

The mode in which the materials of plant- focal are taken up jnto the organism of 
the plant is twofold : partly by means of the leaves, and partly by the roots. The 
absorption of carbonic acid by the leaves and green parts of plants, first observed by 
Priestley(1772, P/iil. Trans. Ixii. 1 66), and more fully demonstrated by S a u s s u r e and 
Sen neb i or, is one means by which plants may appropriate carbon, and perhaps water ; 
but whether they obtain nitrogen in the same way, has not been proved (see Mo hi, 
The Vegetable Cell, p. 86). The ash-constituents of plants am be introduced into their 
organism only by the roots, and the structure of plants justifies the omnion that they 
are taken up in the state of solution in water (Mo hi, op. cit. p. 65). But, besides the 
ash-constituents, other food- materials are taken up by the roots, especially in cul- 
tivated plants — carbonic acid, ammonia, or other nitrogenous substances, resulting 
from the decomposition of humus, and perhaps also carbonaceous compounds other than 
carbonic acid. (See Mohl, op. cit. pp. 80, 81. — Mulder, Chemistry of Vegetable 

arid Annual Physiology, pp. 142-188. — Trinchinetti, Sul Facolta assorbente della 
Radici, pp. 6o. — Boussingault, Rural Economy, p. 41 et seq,) 

Scarcely anything is known as to the precise influence exercised upon the growth 
and development of plants by the relative amounts of air-food supplied by the atmo- 
sphere and from within the soil, or of the modifications of growth which may re.sult 
from such infiuciices; though there are numerous facts, established by agricultural 
ex{)erience, which apparently indicate that this circumstance is in some cases of especial 
im[)ortance in detennining the character of the pi;*oduce. (See pp. 841, 844.) 

Nor are the special functions of particidar materials of plant-food in the growth of 
plants any better understood, though experience appears to indicate that they are use- 
ful in some other way than by directly contributing to the increase of mass in the 
plant ; and it is far from being established that either the kind or amount of the sub- 
stances of which plants consist afford a qjiiintitative indication of the food-materials 
which are necessary in their growth. Thiais especially the case with cultivated plants 
which are frequently grown with 8p<'eial ojfejiscts, requiring a disproportionate develop- 
ment of particular organs and constituents. 

Tlu^o circumstances render it very doubtful whether the requirements of plants 
during their grow th, can be correctly measured by a knowledge of theil* composition 
alone, any more than it would be possible, in the case of animals, to determine tlie 
quantities of ftx)d ro(^iiired during their existence, merely from a knowledge of the 
qualitative and quantitative composition of the animal at any period of its life. 

The various materials concern^ in vegetation as plant-foe^, are all equally necessary 
for the growth and development of the great majority of plants. No one of them can 
be replaced by anything else, not even by an increas^ amount of some other of them. 
All must be supplied together ; in the absence of any one, the rest, however abundant, 
are wholly incapable of supporting vegetation, and deficiency of any one limits the 
effect of the remainder. 

the relative proportions of the several materials of plant-food requisite for 
reflllllll^re n absolutely constant for all plants : on the contrary, they vary to some 
ai^^^^BpIfferent plants, or families of plants: some plants drawing more laigely 
i^^^^HP-food than others ; some requiring a greater proportion of asb-constituenta. 
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Among the former, some produce the nitrogenous constituents in larger proportion 
than others; while' some produce chiefly the corresponding non-nitrogenous constitn* 
ents. Among the latter, some i^uire alkalis, some phosphoric acid ih preponderating 
amount^ others require chiefly lime, silica, Ac. 

The special conditions under which plants grow also exercise a conwderablo influence 
in moditying their requirements as rt'gards the several food-materials, and in deter- 
mining the size of particular organs, as well as the r<dative proportion of the nitroge- 
nous and non-nitrogenous constituents produced. Many plants become, under culti- 
vation, totally different^ both in structure and composition, from what they are in a 
state of natural vegetation; but tlio extent to which this influences is, or may 
exerted, is far from being sufficiently known, nor are the conditions which determine it 
fully ascertained. Climate and season, the pliysical condition of the soil, tlie ^ater or 
l^s facility with whioli some or all of the food-materials may bo obtainable by plants 
in particular cases, and the copious or scanty supply of certain ftxid-materials, are all 
doubtless influential in this respect, and this subject still offers a wide field for obser- 
vation and research. , . i 

Among those conditions of vegetation which are neither chemical nor climatic, tno 
physical characters and state of land exercise great influence upon tlie amount of pro- 
duce. Soils differ naturally, in this respect, according the relative nroixirtions of 
clay, sand, gravel, &c., which they contain, and th(‘y differ, perliaps still more widely, 
in regard to the texture they posse ss, or are eapable of acquiring by tillage. (See Soils, 

and Bouhh in ganlt, 1845, pp. 268-308.) i rr 4 

The essentially chemical conditions of vegetation consist then, in a supply of food- 
materials: they comprise the existence in the soil of the nxpiisite ash-constitiients in 
a state fit for ivs.similation by plants, and a supply of the requisite air-food. 
Wlierever those conditions obtain in due proportion, together with the conditions of 
climate, &c., required by particular plants -whcther perennial or annual— those planU 
will grow, attain inatnrityi «tnd perfect development. 

So far then as relates to the purely chemical conditions of vegetation, other condi- 
tions being the same, the quantity of plant-sul>stance produced within a given time 
on a given area of land -the amount of produce-will bo <leterrninod, within certain 
limits, by the quantity of plant-food supplied; and it will be limited by the available 
(inantity of that constituent of the food which is supplied meanwhile, in least amount, 
relatively to the general requirements of the particular plant growing. 

Since the very striking differences recognisable m vegetation at different places, or 
on different land, and manifested in the unequal amount of produce, cannot bo ascribed 
to the atmospheric supply of air-food, which ia always constant. 
same, it becomes necessary to seek in the soil for the chemical cause 
in the degree of fertility as represented by the amount of prcKlnce. Tlie soil ^>"8 
only source of the ash-constituents of plant-food, the capabi ity of perform ng its share 
in tiio chemical conditions of vegetation must necessarily depend upon its containing 
the requisite ash-constituents, in sufficient amount, and in such a state, as to be avail- 

When^it m considered that soils have been fonned by the mechamcal and ®**^JP*^ 
alteration of rocks possessing the most varied composiMon, that 
disintegrated debris of granite, basalt, clay-slate, limestone, 

evident that their chemical constituents must vary very wnsiderably “^cording to tko 
particular rocks from which they have originated, jnst in the same manner as they differ 
in being sandy, enJeareous, loamy, or argillaceous. 

Thetotalamountoftheash-con«titiiont« TOnc. rn(Hhn vogptation will 

diff..rent in different «oiU. Moreover, the different chemieai nature ™ 
tntinir flic rock* from which ooila have oriKinatial, and the un<^iiivJ,«<<'<«epfV ‘V‘? 
minerals to decomposition under atmoapherie intlueneea, give riac to wide differeiici. 
iKitwcen soils in r^ard to the chemical eondition the as i^onstiluenU they contain. 
Itoth these eircurnsran^s ^ 

whi h rSof hefXdLLment of the roof, are „1«> conducive to 

rheter,:rEtTonofmincral. 

air and the consequent decomposition of insoluble alkaline silicates. lh( lertuising 
nf td W uDon land especially when it conUins a large proportion of clay, 
influence of tillag P® , . ’ P ^ b«lievod to be a substitute for raanuring. 

a^^riToto. framihich W) much advantage waa 
has not Wn found so Useful as had been supposed in r^d to a^cultffl^|^^ 
MrtftblA nf fiffWrdinir anv trustworthy indication as to the composition of|M||M||4heir 
dX^a ta^fllotbg statement of the moat pnmiinent featuraa of 

anllyaf4 soils, made hy several chemists under the direction of Magnus, ^ 



give gome idea of the variation affecting the most important constituents, phosphoric 
acid and potash, &c., existing in such states as to be soluble and insoluble in dilute 
hydrochloric acid, (Magnus, 1846, Ann. der Landwirtkschaft^ xiv. 2: Bericht iibor 
^rsuche betreffend die Erschopfung des Bodens, welche das Konigliche Landes 
Ookonomie-KoUegiura veranlasst hat.) 



Percentage amount of ash-constituents in soils. 

Quantity per 

Soluble in dilute acid. Insoluble in acid. 

iicre at a depth 
of one foot. 

Average. Maximum. 

Minimum. Maximum. 

Minimum. 

Average. 

Lime . • 

0-896 . . 

. . 


35,794 11)8. 

Magnesia . ^ 

0-260 . . 


. . 

10,180 ♦ 

Potash 

()-221 0*530 

trace 3*406 

trace 

8,983 

Soda . 

0*161 




Silica . 

0*448 . . 


. . 

17,920 

Phosphoric acid . 

0*172 0*651 

trace . . 

. . 

7,581 

Sulphuric acid . 

0*154 




Ammonia . 

1 

. . . . 
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The extent of the resources of land in ash-constituents is still further illustrated 
by the following table calculated from the results of experiments conducted by Lawes 
and Gilbert at Rothamsted, in which wheat was grown every year on the same land 
without any manure for 20 years. The land was a heavy loam, resting upon chalk. 
The average amount of produce in the neighbourhood at the time when the experi- 
ments were commenced was under 22 bushels per acre, and wheat w'as grown only 
once in five years. When the experiments were commenced in 1843, the land was in 
such a condition that, according to the ordinary routine, it required to be again 
manured with farm-yard manure : for since the previous application of manure, four 
crops had been removed from it, viz. barley, peas, wheat, oats. See Lawes and 
Gilbert — 1847 — oj>. cit. viii. — Agricultural Chemistry — 18G4 — Ibid. xxv. — Report 
of Experiments on the Growth of Wheat — 1'''67 — Chefn. Soc. Qu.tl. x. 1. — On some 
Points in the Composition of Wheat Grain ; its Products in the Mill and Bread.) 


Aiih-roniitituentg remove<l from l.iiid by wheat. 



In 20 consecutive yctirs. 

in average annual crop. 

Total 

produce. 

Corn. 

Straw. 

Total 

produce. 

Corn. 

Straw. 


Ibt. 

lbs. 

lbs. 

lbs. 

lbs. 

lb«». 

Total osh-constituonts . 

2241-00 

364 00 

1887-00 

112*00 

18-00 

94-00 

Silica .... 

1229-77 

3-54 

1226-23 

61*48 

0-18 

61-30 

l^hosphoric acid . 

262-56 

177-10 

75-46 

12-62 

8-86 

3*77 

Potash 

360*94 

106*26 

254*68 

18-04 

6 31 

12*73 

S(^a .... 

9*43 


‘ 9*43 

0-47 

. . 

0-47 

Lime .... 

106*49 

ii-ie/ 

94-33 

5-28 

0-56 

4*72 

Magnesia . 

77*40 

39-67; 

37-73 

3-87 

1-98 

1-89 

Sulphuric acid 

51*88 

. . 

61-88 

2-59 


2 69 

Chlorine 

37*73 


37-73 

1-89 

1 

1-89 


The soils in which the fertilising effects of tillage are most marked, are generally of 
a clayey nature, and aw therefore capable of furnishing a larger supply of Mh-consti- 
tuents under the influence of atmospheric decomposition. But there is another 
characteristic which such soils possess in a high degree, viz., the capability of absorbing 
ammonia from the atmosphere. (See Faraday-— 1826 — QuarteHy Journ. of Science^ 
xix. 16 et seq.) By reason of this capability, they store up, during the period of fallow, 
the ammonia conveyed to them from the atmosphere by rain and otherwise, wid thus 
provide an increased supply of this air-food to plants requiring it (See Lawes and 
Gilbert, Op, cit. xvii. 293 et scg.) 

The ahgoipfcive. power of soils is not limited to ammonia, but extends likewise to 
most of t&iinportant ash-constitnents of plant-food which are soluble in water. This 
fact observed by Thompson (1860, Joum. Ray, Agrie, Soe. of Enghnd, 

and was afterwards invesstigated by Way {Ibid.xi. 313.; xiii. 123), It is 
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highly probable that the condition in which substances arc thus retained by soils, so 
as to be gradually supplied to the roots of plants by the medium of carbonic acid and 
water, is of great importance in regard to the nutrition of plants, and to the relatiro 
fertility of land. (See Son.s ; Way and Vo el eke r, Op. cit; Liebig, The Natural 
Lam of Husbandry, p. 66 et seg.) 

In considering the chemical conditions which determine the relative fertility of land, 
it will be convenient to examine, in the first place, how far this is determined l»y the 
ash-constituents. So far as these alone are concerned, the degree of fertility of land 
- -its capability of contributing to the growth of a greater or less amount of produce — 
would be, in a strictly chemical sense, proportionate to the available amount of ash- 
constituents it was capable of furnishing within the period of growth ; but the amount 
of produce would not vary in the same ratio, because the ash -constituents of land 
CiUinot bo useful in vegetation, except in so far as they cun co-operate with a due 
projfcrtion of air-food. 

If the sources of air-food, available during the period of growth, werti limited 
to the constant atmospheric supply, the amount of produce would be proportionate to 
t he capability of assimilation by the plant, under the other prevailing conditions of 
climab', season, &c. 

Ihit if other sources of air-food were available within the perioil of growth, in addition 
to the atmospheric supply, and together with an abundant sunply of ash-constituents 
by the land, the amount of produce would bo lai^ely augmented under conditions other- 
wise the same. 

I Thus plants growing upon land affording only a scanty supply of available ash-con- 

stituents might be, on that account, incapable of assimilating air-hxid to the full 
•‘xtent of th(j atmospheric supply, and the amount of produce in such case would be 
small. Ily the death and d(>cay of these plants, their ash-constituents would* be 
n st 4 )red to the land, so as to become capable of siTving for a succei'ding growth of 
plants, and the pnaluction of humus, attlie same time, would provide in the soil itself 
a further source of air-food in addition to the atmospheric supply. Still the amount 
of |)rr)duce from the succeeding growth would bo small, if the available supply of ash- 
eonstituents remained as scanty as before. In this way V(*getation might continue in- 
<lefinitely without alteration, affording sustonanco to numerous animals, ns in the 
steppes of Central Asia, the prairies and pampas of America. 

Jhit if a larger amount of ash-constituents became available, in the interval Ixdweon 
the successive growths, by the decomposition of minemls in the hind, the conditions 
might become such as to ensure assimilation of air-food not only to the full extent of 
fin* atmospheric supply during the period of growth, but also from the further supply 
provided ny the gradual decomposition of humus in the soil ; and in such ease the 
amount of produce would be projX)rtionally increased. 

'Phe greater or less amount of available ash-constituents is, therefore, not the only 
(‘•uidition upon which the amount of produce or the fertility of land depends, even in 
* a strictly chemical sense ; another essential condition is the amount of air-food capable 
<if being supplied from within the soil, during the priisl of growth. Land, however 
rich in available ash-constituenU — however well adapted in all other resiiects for 
prolific vegetation, would still afford but scanty produce without an ample supply 
of air-fowl during the period of ^owth. The increased supply of air-fwxi proviutid 
l»y the decomposition of humus in the soil may be regardeil, in this rospi'ct, as the 
,'iccumulated atmospheric supply of several successive periods of growth ; and the capa- 
bility of land to furnish such a supply is, in a chemical sense, as much an element of 
itx fertility as the available amount of ash-constituents it contains. 

The roquirementa of different plants for such an augmented sujiply of air-fwxl. in 
regard to the amount of produce, differ very widely, and the capability of different 
plants to assimilate the air-food thus stored up is also very different. The adaptation 
of the capability of one plant, in this respect, to provide for the rerpiirements of another, 
and the development with tliat view of particular habits and conditions of growth 
ill regard to certain crops, constitute the basis of the modem sysUm of agriculture. 

Having thus far described the general features of the chemistry of vegetation, in its 
simplest form, they must now be consider«*d in their relation to agriculture ; and it will 
lie desirable ftwt to examine the conditions affecting the supply of ash-constituents, as 
wt‘11 as their influence under different circumstanc^-s. 

In the cultivation of plants as a source of food for animals, and for other pnrpos/s, 
the ash-constitnents requisite for vegetation are removed from the land in the produce ; 

[ and since they are not replaced in the same manner as the atmospheric supply of air- 
t fi)od, the successive growth of a particular plant, year after year, would in procew of 
time so far exhaust the land of available ash-consfituents, as to render it incapable of 
suppor ting further growth, or of yielding such an amount of produce as would h% 
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^orth the troubh and coat of caltmtion. Hence arises the necessity of periodicsfl, 
Ktam^g to land under cultivation the ^h-constitnents thus mtbdram from i 
HeL the practice, intuitively adopted in the rudest state of agriculture, of applying 
to land the excreta of animals fed upon its produce and toe doping reftso of the 
plmta grown upon it Such a system of cultivation would be sufficient to prevent any 
decrease in the annual produce of the land, inasmuch as the materials applied to it as 
manure, would restore whatever had been removed in the plants serving as food for 
animals, or for other purposes, and thus render the land capable of continuing— with 
the aid of the atmospheric sources of plant-food— to support vegetation. (See Kirwaii, 


Op. cit. p. 160.) 

If there were absolutely no export of produce, in such a case the restomtion of the 
ash-constituents would be complete, and the capability of production would continue 
undiminished, so far as relates to the ash-constituents only. It would, in 
increase year by year, so far as ash-constituents were concerned ; for the available 
amount of them would be gradually increased by tillage, and by the consequent decom- 
position of minerals in the land. The improvement of the land by tillage is doubtless 
referable in some degree to such an unlocking of its natural resources, and the increase 
of wbat may bo regarded as ita floating capital in ash-constiluents. 

Where the population of a country is small and thinly distributed, and where land 
is of little value, as in many remote and uncivilised localities, all requirements may be 
fulfilled by such a system of relying upon the natural produce, without the need of any 
effort to increase it. But, even in such circumstances, it is seldom that the natural con- 
ditions of fertility are relied upon exclusively, or that the means adopted for maintain- 
ing the amount of produce are limited to the internal economy of the farm. Whatever 
fertilising materials can be obtained from external sources, at a cost commensurate 
with their capability of augmenting the produce, are generally employed as manure even 
in the rudest practice of agricultura Guano has long been used for that purpose by 
the natives of South America (Humboldt, Fourcroy,und Vauquelin, 1803, .<4 
Chim. Ivi. 258-268). Fish, seaweed, &c., have been used from time immemorial as 
manure by the peasantry of seaboard districts ; and wood-ashes, soot, &c., have been 
applied to the same purpose inland. Most of these materials would add to the amount 
of available ash-constituents in the land, and would in so far increase its capability 
of production. 

Where, on the contrary, the population of a country wa** chiefly concentrated in cen- 
tres, and a portion of the corn grown was annually removed fi*om the land for the supply 
of food to towns at a distance, or under circumstances not admitting of the correspond- 
ing excreta being returned to the land as manure, the soil would be gradually 
deprived of ash -constituents, in a degree proportionate to the export of food. The in- 
ternal economy of the farm would then no longer ensure the full restoration to the land 
of all the ash-constituents of its produce; it would no longer ensure the maintenance of 
the degree of fertility obtaining before the export of the produce commenced, or the 
capability of production corresponding to the amount of ash-constituents originally con- 
tained in the land. On the contrary, as the yearly export continued, and the abstrac- 
tion of ash-constituents from the land progressed, the quantitative relation between 
them and the atmospheric conditions of vegetation at any place would be progressively 
changed ; for while the atmospheric supply of air-foqd remained constant, the quantity 
of ash-constituents in the soil would diminish from year to year, until, eventually, 
vegetation might be no longer possible, in consequence of the deficiency of one of its 
essential conditions. / 

Even before that time, a point would ba'f^ached when the amount of produce would 
be no longer limited by the supply of airifood available from the atmosphere within 
the period of growth ; when, on the contrary, the assimilation of air-food would be 
limited by the available amount of ash-constituents in the land, and when the amount 
of produce would be so small as not to be worth cultivation. 

This exhaustion- of land, or reduction of the degree of ffertility* by the growth of 
successive corn-crops, and by the export of the produce, without any supply of manure 
from extraneous sources, would take place sooner or later, according to the nature of 
the land and the extent of its natural resources ; sooner in the sandy or chalky soils, 
known as light land, than in the loamy or clay soils, known as heavy land. So far as 
the ash-constituents were concerned, the exhaustion of land might m retarded, under 
such circumstances, or the capability of production revived, by allowing it to remain at 
intervals vrithout growing a crop on it for one or more years — % practice adopted under 
the name of bare- fallow. (See Kirwan, 160.) 

During the interval of r^ a fresh supply of available adi-constituents would be 
provided fbr a future crop of com by the decomposition of minerals in the land, thus 
compensating, either wholly or in part, for the abstraction resulting from export 
of produce. The amount of produce obtained, when a com crop was grown, might io 
this way remain constant, or suffer Jbut inappreciable diminutioii daring long periodc, 
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in the case of rich soils. The rate at which the restoration of the ratio- pre- 
existing ^tween the supplies of available ash-oonstitueuts from the soil and of 
air-foM ftom the atmosphere— took place, would depend upon the nature of the land, and 
its tillage, and would determine the interval to elapse between the growth of two crops 
of com. 

The same result might be attained by a rotation of crops, or the alternate growth of 
different plants, occupying different ranges in tlie soil during their growtli, oriH>quiring 
different ash-constituents, such as corn and grass, or potatoes; so tliat, in either 
case, the ash-constituents contained in the land might be distributed among the dif- 
ferent plants, and thus rendered available during a longer period. If the crops grown 
in the intervals between the corn-crops were consumed on the f^m in feeding cattle, 
they would contribute to the production of manure ; and, even if some of the cattle 
wore exported, the greater part of the ash-constituents of the fallow-croM on which they 
haAbeen fed, would remain upon the farm, and be returned to the land in the manure. 
However, the ultimate result of exhaustion would still be the same ; and it has been 
long reg^ed as an established fact, that “ the exjxirt of grain from a countiy, unless 
some articles capable of becoming manure are introduced in compensation, must iilti- 
matelv tend to exhaust the soil Some of the spots now desert sands in Northep 
Africa and Asia Minor were anciently fertile. Sicily was the granary of Italy; and the 


quantity of corn carried off from it by the Komans is probably the chief cause of its 
pn^ent sterility. In this island our commercial system at present has the effect of 
affording substances which in their use and decomposition must enrich the land. 
(Davy, Op. cit. viii. 78. — See Kirwan, Op. cit. p. 160. — Liebig, EinUitung in (ltd 
Naturqedctze dea Feldbauea, pp. 106-109.) ... . « . • 

For the successful practice of agriculture, therefore, it is as lu'cessary to maintain 
fertility as it is to obtain a sufficient amount of produce. Land from which corn is 
exivjrtiHl requires, in most cases, a constant supply of manure from extraneous sources, 
capable of replacing the ash-constituunts which may have been rendered deficient lu 


capable 

amount. 


An idea may be formed of tho extent of the exhaustion of land from which com 
is exi«rted, by assuming that, in tho countrios which arc the chief sources of corn, 
the aWunt of produce is at the rate of 16 J>“"hcl8 I)er acre, and th^^^^ 


me amouui ui uiwuv;u lo ci- vwx. . i ...j' « 

grown every other year. The quantity of ash-constituents removed from the land per 
acre in the crop, would be about as shown the following table 


Aah^conatitmnta of Whfat^ Barley ^ Oata. 


Amount of produce per acre 
Total ash-constituents . 

Phosphoric acid 
Potash 


Comprising 


Silica 


Total produce. 

('orn. 

Straw. 

2260 lbs. 

92 

11 

14 

8 

61 

16 bushels 
16 lbs. 

8 

4 

2 

0 

1333 lbs. 

77 

3 

10 

6 

61 


l»eing the substances which are least abundant in land, it is necessary th t 


acre. These 
they should 




.lw«y.*po«««m., in-addition to 

S'uaTI^ the operation, of tillage in tho manner 

al^ydescribea ash-constituents, though mn- 

myaCT^mch nppV S 

^ f^ mi the l-^^t^^nTxKiWe under aSy. system. of .gri- 

the restoration cl 
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ash-COMtituentg to land It is also due to its capability rfitMiahiag a laiger snppi,*, 
Z.fcod to Mure crops, daring tbeir pmod of growth, than they could obtm ® 

Zl%e atoospAem This J 


the growth of fallow-crops for feeding cattle. The advance of bare-fallow ia ^ 
some extent, due to the accumulation of air-food m the Boil, in virtue of its absorptive 
power. (See ante, p. 831, and Soils.) i ^ • j 

Since the available ash -constituents of land can be effective in determining an in- 
creased amount of produce, only in so far as they can co-operate with a proportionate 
supply of air-food, during the period of growth, it is evident that the supply of this con- 
dition of fertility, by manure, must be of especial importance when it is necessary to 
obtain a large amount of produce. 

The total resources of the generality of land in ash-constituents, preponderate so 
largely over the constant chemical conditions of fertility at any time available in tho 
atmosphere, within the period of growth of ordinar}" crops — the latent resources o^tho 
land so easily admit of the liberation, from time to time, of fresh supplies of ash-con- 
stituents by the operations of tillage, that, under a good system of farming, the 
probability is rather in favour of the ash-constituents available at any particular time, 
being in excess of the supply of air-food directly available from atmospheric sources 
witlnu the period of growth, and of that provided by manure resulting from the in- 
ternal economy of the farm. 

In some cases, the gradual unlocking of the latent resources of the soil by tillage, 
&c. may far exceed the yearly abstraction of ash-constituents. This chemical con- 


dition of fertility in land may increase from year to year, and, instead of rtitaining a 
constant oroDortion to the supplies of air-food from the atmosphere and from manure, 


constant proportion to the supplies of air-food from the atmosphere and from manure, 
it may preponderate over them ; so that the amount of produce of the land in corn, might 
be increased, if the other chemical conditions of fertility were accessible in tho same 
proportion within the period of growth. But though tillage, in such a case, would 
increase the fertility of tho land, so far as the ash-constituents wore concerned, ii 
would not be attended with an increase in the amount of produce, unless it were accom- 
panied by an increased supply of air-food during that period of the rotation when tho 
cr(m, for which the liberated ash-constituents wore most required, was growing. 

The extent to which the accumulation of available ash-constituents in relative excess, 
may take place, is well illustrated by the experiments made at Rothamsted, on the 
growth of wheat, upon land which had boon reduced to such a condition, in thoonlinarv 
routine, as to yield only half the average amount of produce in wheat. By the us(; of 
manure containing only the ash-constituents of wheat, on a plot of this land, the 
amount of produce obtained in 1844 was not greater than on the unmanured land. In 
tho following year, the application of 336 lbs. per acre of mixed ammoniacal sulphate 
and chloride was attended with an increased amount of produce, amounting to double 
that obtained in tho previous year from the unmanured laud, or from that supplied 
with ash-constituents only. By continuing to grow wheat upon this plot of land for 
nineteen consecutive years with ammonia-salts only as manure meanwhile, the amount 


of produce obtained in each year continued to excec^d that from the unmunured land; 
ana the average amount of produce thus obtained, during the whole period, was only 
one-fourth loss than it was in the first year, notwithstanding tho very exceptional and 
continued drain on the ash-constituents of the land. (See Lawes and Gilbert — 
1847-64. Op. cit. viii. 226 xxv.) 


Manure. 

1841 ! 

i 

[ Unmanured 
[ Ash-coustituentfi 

1845 ! 

{ 

1 Unmanured 
[Ammonia-salts . 

Average of 1 
19 years, 
1845—1863] 

[^Unmanured 
^Ammonia-salts . 

Total in 1 
19 years, 
1845—1863] 

^Unmanured 
^Ammonia-salts . 



Aih in Produce per Acre. 


Corn. Straw. Total. 


m 175 
202 232 


96 114 

128 153 


1,824 2,162 
2,440 2,905 
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In tbete temtlts the infla^ee of season in &toQring or impeding the growth of wheats 
was mani^ted by a certain variation in the amount and quality of produce under con* 
ditions otherwiae similar ; but this was not sufficient to obscure the oiffexenoee refeiuble 

to other cahi^. 

The quantity of ash-oonstituents removed ftom the land during this period, without 
any sucn return as would have been made in ordinary practice, by the supj^y of ffirm- 
yard manure, affords still farther evidence of the immense resources of the land in this 
particular, additional to that aheady referred to in the case of the unmanured land. 
(See ante^ p. 831.) 

Moreover, the absence of anv increase in the amount of produce obtained in 1844 by 
applying to the e^austed land manure consisting only of ash-constituents of wheat, 
and the increase in the amount of produce obtained in the following year by using only 
ammonia, as compared with that on the unmanured land in 1846, are together most 
con&usive PJ^f that, although in 1844 the chemical conditions of fertility were collec- 
tively insufficient for the growth of a full crop of wheat, still there was no deficiency 
in that element of those conditions which appertains exclusively to the soil— viz., tlie 
available amount of ash-constituents. Those results also prove, on the contrary, that 
in 1844 the available amount of ash-constituents in the unmanured land was far in 

excess of the other chemical conditions requisite for the growth of wheat viz., the 

amount of air-food supplied, by the atmosphere and by the soil, during the period of 
growth. Consequently, the system of cultivation under which the land baa Womo 
exhausted in regard to this crop, had admitted of a large accumulation of surplus ash-' 
constituents, which would have remained useless in the land without a corresponding 
supply of air-food during the period of growth. The exhaustion consisted in the 
relative deficiency of air-food capable of being supplied from within the soil ; and, 
therefore, increase in the amount of produce could only be effected by an artificial supply 
of air-food, additional to that furnished by the manure of the farm. 

The practice of agriculture in many localities does not require that the amount of 
produce obtained should bo very largo : the only thing necessary, in many instances, is 
txj maintain the degree of fertility, and the natural amount of produce is quit<* suf- 
ficient to be remunerative, as in those countries which are the chief sources of the 
supply of com. In such cases, the manure productni by the inttTiial economy of the 
farm may suffice to provide an ado(juato supply of air-food from within the soil. 

In countries, however, where the population is dense, and land is of high value, agri- 
culture assumes a very different character. Its object then is not merely to maintain 
a certain degree of fertility, but to produce, year by year, in the most profitable 
manner, and on a given area of land, the largest possible quantity of the materials of 
food for man and animals; to increase, by artificial means, the amount of produce upon 
an area incapable of yielding as much under natural conditions. (See Liebig — 1843 — 
Chemistry in its Af)plications to Agriculture and Physiology^ 8rd edit. p. 112; 
Lawes and Gilbert— 1847— Journa/ of the Royal Agricultural Society of England^ 
viii, 227, xii., xvi. &c.) 

Hence arose the idea of employing artificial manures — of augmenting artificially the 
chemical conditions of fertility. For the practice of apiculture under these circum- 
stances, so utterly distinct from those of agriculture conducted only with a view to the 
produce of natural vegetation, the problem to be solved by the chemist for the guidance 
of the farmer is, what substances to supply as plant-food from extraneous source^ in 
order to obtain, year by year, a remunerative pi^uce. 

The question is mainly one as to manure : its solution, however, involves the con- 
sideration of conditions and reqirements other than those obtained in natural vegetation, 
not differing in kind, but quantitatively diff<*rent Still, the knowledge of the general 
phenomena of plant-nutrition must be the guide in the endeavour to solve this problem. 
Since it is established that the various materials of pUnt-food must bear a certain 
proportion to each other in order to be in the highest degree effective, and since the 
amount of produce is known to be limited by the quantity of that food-material which 
is present in least available amount, relatively to the requirements of any particular crop, 
the desideratum, in regf^ to the art ificial means of increasing the amount of produce, 
is to ascertain what food-material becomes deficient, relatively to others, under the 
circnmstances attending the growth of that crop. The deficiency may lie in the source of 
cariwn or of nitrogen, in the supply of water or of available ash-oonstituents, or of some 
oneof them ; but whichever it lx?, the amountof produce will be limited by the deficiency. 

The determination of that point will indicate, therefore, what food-material it is most 
necessary to supply artificially, in order to rendef effective in the highest degr^ those 
food-materials which are available in grea^t abundance, relatively to the iqqairemente 
of the crop in question. The food-materials least available abundantly in the same 
relation would be, in that particular case, the manure to be sunpHed artificially in 
order to obtain an increased produce. This is the fundamental principle of ** nigh 
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fannina" wMdi reaHy ocmmste in augmenting the acre^p^uee-obtainui^ year by 
y^S^pa i.i yn. than could be obtained under natural conditiona— by rendering more 

eflbctire^ exiating natural conditions of fertility. t 

This object may be attained in part by the right selection ^tfiaal manure, so as 
to accumiate on the farm the materials of plant-food which are naturally niMt 
deficient, in regard to the whole of the crops grown m a sen^ of years ; and by 
Opting the of cultivation so as to store up during part of the rotation, the 

of plant-food which are relatively most deficient as re^s a particuto crop, 
grown at intervals, and to make that accumulation semceable for increasing the 

™irSVot*b^rXtitutr4 for ^e manure product^ ^ the interaal economy of too 
fam some one or other of its constituents, that this object is to be attained ; but by 
Buppiementing it with what is most wanting, either naturally, or as the ronseqiiracc 
of tLit branch of industry which is the business of the farmer— the manufacture of f<»pd. 

Practically there is a limit to the incr^e of produce, besides that natural limitation 
which is due to climate and to season ; it is the necessity that the degree of fertility 
Sliced and maintained should be remunerative. This pu^y commercial n^.ty 
introduces into the subject an important complication, involving the ronsideration of a 
number of circumstances which cannot bo entered upon here, but which will readily 

sufirsest themselves to the reader. a- • *i • 

In order to obtain such an amount of produce in com as to bo remunerative in tins 
case it^ necessary to supply during the period of growth a larger quantity of nitrogenous 
air-food than would be toished during that period by the atmosphere alone, or pre- 
vided, in addition to that, by the internal economy of the farm, when no other crop but 
meadow-erass was grown besides corn. , . • e 

This i^ht be eflfected by the nse of ammonia-salts as manurej but this source of 
ammonia is too limited to be alone sufficient in agriculture, ^ourse is therefore 
had to the accumulation of ammonia from the atmosphere, by the growth of plants 
which possess the capability, under certain conditions, of appropriating nitrogen from 
that so^, to a much larger extent than either wheat, barley, or oats, and which can be 
employed as food for cattle so as to produce meat— a marketable commodity equivalent 
to com— and, at the same time, a larger supply of manure than could be obtaiiiisl 
if the land remained in bare Mlow, or were converted at intervals into meadow-land. 

The manure so produced by the mternal economy of the farm would contain the greater 
part of the nitrown collected from the atmosphere by the crop intervening between the 
rom-crops, and ^ed in feeding cattle, and would serve during the growth of corn to 
furnish toe augmented supply of nitrogenous air-food necessary for obtaining a largo 

™*¥he^bSs which are cultivated mainly with this object may be represented by the 
turnip, since it presento a striking contrast to corn-crops, in reg^ to the «?“<iUioii8 
most favourable to increase in the amount of produce, as well as in reg^ to its capa- 
bilities and requirements, though it is inferior to leguminous plants in the power ot 

awiiniilating nitrogen from the atmosphere. - . 1 n ♦•o/wi 

The amount of produce obtained under the system of agriculture generally practised 
in this country is considerably higher with regard to all crops than it is in many other 
countries : and though there is a tofference in this respect as to particular Iwahties, the 
accompanying table may be taken to represent a fair average statement of the quan- 
tities ofthe several constituents of the difosrent crops grown alternately in what 
timed a “four-course rotation,” when a^-crop of turnips, beans, or clover intervenes 

***T^^wth ofthe turnip as an agricultural cron so as to obtain a large 
priueffo far more liable to be influenced by differences of sc^n th^ is t^^ 
Sito ^eat. In the absence of rain, at a particular stage of growth the greater 
number of toe plante may die, and the acreage-p^uce become venr small; but rf t^ 
rondWons of season be favourable, the amount of produce obtained may be as high as 

^''it'hM Wn supposed that the influence exercised by toe cultivation of the turnip M 
a&Uow-crop, in restoring and augmenting the fertility of limd, and in condnang to to 
increase of toe wheat-crop, was referable to its comparatively greater ca^biUty ^ 
1 loswwsk lAaf.aiipftuxk the atmosoheric suddIv of air-food, 


materials from tne sou. 

That this is not the case, is eyident ^m the amount of 
in toe turnip, as shown in refei^ to; and it is 

tonnMfkt to Oil full 1 1 III iim hf Lawes and Gilbert (p. 840), 

the amount of turnips for three years eonsecutively 

on the same plot of land mani^. 
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OmposiHon qf the Acreage Produce of Different Grope, 


Crop 

Amount of produce 

C 

«orn Crops. 

Root Crops. 

Leguminous. 

Whest. 

80 bush 

Barley. 

40 bush 

Oats. 

44 bush 

Turnips 

10 tons. 

Swedes 

13 tons. 

Mangel 
16 tons. 

Beans. 

84 bush. 

Cluver> 

huy* 

5,(4k) 

lbs. 



lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 


Crrain or bulb 

1,800 

2,080 

1.672 

22,400 

29,120 

36,840 

2,180 


Fresh 

Straw or leaf 

3,000 

2,600 

2,600 

8,960 

2,912 

fi,376 

2,400 


crop 

« 

Total produce 

4,800 

4,680 

4,172 

31,360 

32,032 

41,216 

4,680 

6,090 


' Grain or bulb 

1,630 

1,716 

1,438 

1,792 

3,203 

4,301 

1,809 


Dry crop 

Straw or leaf 

2,620 

2,176 

2,076 

1,165 

379 

637 

1,968 


Total produce 

4,060 

3,891 

3,613 

2,967 

3,682 

4,838 

3.777 

4,160 


' Grain or bulb 

31 

46 

47 

134 

144 

369 

60 


Ash-con- 

Straw or leaf 

161 

126 

137 

146 

42 

91 

132 


stituonts 

Total produce 

182 

in 

184 

289 

186 

460 

192 

373 


Grain or bulb 

32 

33 

37 

36 

64 

90 

86 



Straw or leaf 

19 

17 

19 

41 

16 


27 


Nitrogen 











Total produce 

61 

60 

66 

__ 7 7 

79 

90 

113 

124 


Grain or bulb 

16 

16 

10 

13 

14 

18 

20 


Phos- 

Straw or leaf 

8 

6 

6 

7 

3 

6 

9 


phorio 










acid 

Total produce 

23 

20 

16 j 

20 

Jl 

23 

29 

28 


f Grain or bulb 

9 

11 

8 

60 

43 

100 

24 



Straw or leaf 

20 

19 

23 

29 

7 

21 

28 


Potash - 











[Total produce 

29 

30 

31 

89 

60 

121 

62 

76 


^ Grain or bulb 

1 

1 

2 

16 

16 

13 

4 1 


Lime • 

Straw or leaf 

8 

11 

10 

44 

12 

8 

28 



Total produce 

9 

12 

12 

60 

28 1 


32 

112 


Grain or bulb 

3 

4 

3 

3 

4 

9 

6 


Magnesia - 

Straw or leaf 

3 

3 

6 

1 

1 

7 

6 


Total produce 

6 

7 

8 

4 

6 

16 

n 

32 


Grain or bulb 

1 

13 

22 

1 

2 

9 

1 


Silica * 

Straw or leaf 

101 

76 

68 

2 

1 

2 

6 



Total produce 

102 

88 

90 

3 

3 

11 

6 

11 


The immediate object of the cultivation of the turnip being the production of food 
for cattle, it is not required to reach maturity, as is the case with wheat ; end it is 
desirable to obtain the utmost possible development of the fleshy root, so as to aifoid 
a food-material containing both niti^enous and non-nitrogonous substances in fitting 
proporti^ for that purposa During the early stage of growth, the young leaves of 
the turnip are liable to be attacked by insects, and it is therefore necessary to forward 
their development as rapidly as possible until tb« {^1ni% become suflicienily strong to 
resist this dkitmetive influence. The number tcre is theremre an im- 

portant indication of the efl!ca<gr of the 'mannrli|'5ftp» 'wfe* 

The land selected fbr the experiments was loam, not of the best 

mneter fiir the growth of ttmips ; and three mmt-^whliC clover, and wheat— had 

V0L.11L aa V 
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been grown upon it since it was manured. The variety of txanip gwwn was that 
known as Norfolk white. To ascertain the capability of appropriating the atmospheric 
food, and the relation which the turnip bore to the soU which was exhau^ for wheat, 
a plot was left each year unroanured. On this plot the amo^t of produw was very 
small even in the first year, and in the third year the bulbs did not weigh more th^ 
two ounces each; so that in regard to the growth of the turnip, ^e resources of the 
soil are soon exhausted, ’and some supply of manure is evidently requisite ^ the 
growth of the turnip as a fallow-crop. (See Lawes and Gilbert— 1847— O/i. cit. 

^ Effect of various Manures on Growth of Turnips, 


QuanUae* of Manure per acre. 


Unmanured .... 

12 tons farmyard manure 
&6 lbs. ammonia.8ulphute 
728 Iba. rape-cake 
504 lbs. superphoaphate . 

280 lbs. superphosphate. 420 lbs ) 
V rape.cuke . . . - / 

Mixed phosphates, 551 tbs. 

Unmanured 

12 tons farmyard manure 
Superphosphate, 560 lbs. . 
Superphosphate, 448lbs., rape-cake, i 
448 lbs., ammonia. 15 lbs. . j 
Mixed phosphates, 448 ilM. 


Unmanured 

Toik * ^ 
dressing 


1,120 lbs. rape-cake 
” )S. amm.-sulph. 
mixed 


r A. 1,120 Ibi 
) IV 33(3 lbs. 
{ A and B m 


12 tons farmyard manure 
™ ( A. 1.120 lbs. rape-cake 

lop- ) u 33^, Ujg, amm.-sulph. 
dressing \ ^ g 


Sutierphosphatc, 1,232 lbs. 

1 A. 1,120 lbs. rape. cake 
1 op- 1 0 33Q II, g amm.-sulph. 
dressing ) ^ „ ,„lxed . 

Mixed phosphates . 

^ ^ (A. 1,120 lbs. rape-cake 

1 op- 1 3, 33(i ibg. amm.-sulph. 

dressing) A and B mixed 


Number 
uf plants 
per aete. 

Areraue 
weight 
of bulb. 
Iba. 

Amount of 
produre. 

1 

1 

§ 

«. j 

Frean 

bulb. 

Iba. 

Fre^h 

leaf. 

Iba. 

A amount 
in bilb. 
percent. 

NHroien 
[>«r cent. 

A^. i 

l»er^t. 

17,940 

0*52 

9,382 




1 

( 

15, .571 

1-36 

21,233 

A 



1 

14,996 

1*03 

15 509 

£ * 



) 

17,043 

1 08 

18,464 





18,446 

1*47 

‘27,280 

S a 




16,096 

1*69 

•27,153 

25 




19,642 

1*36 

26,600 

ii 




13.736 

0*36 

4,9.56 





•20,096 

1 19 

‘24,lOX 





21,205 

0 81 

17,332 





10,320 

1*29 

13.328 

Q 5 




18.6‘24 

0*68 

1 ‘2,7 1-2 

Pm M 




13,*296 

0*11 

1.536 

1,600 


8*31 

4-22 

24,944 

0*67 

10,816 

10,832 

8*68 

•2 17 


1.5,4.56 

0 07 

1,03*2 

744 

8*7V 

2*98 


•24,160 

0 50 

l‘2,800 

10,752 

8*29 

2*58 


23,731 

161 

38,170 

16,550 

7*83 

1*56 

3*24 





7*92 



23, KM 

i-45 

33,472 

23,392 

7*30 

2*54 






8-86 



24,352 

1 17 

‘2ft,43‘2 

9.856 

8-24 

1*.58 

6*99 

‘23, .544 

1*38 

31,416 

13,440 

7 83 

1*89 

7-21 

23,424 

1 06 

24,736 

15.744 

7*36 

2*89 

8*24 

‘23,93(; 

1*17 

28,088 

14,416 

7-38 

2 44 

8*08 

24,448 

1*16 

•28.'288 

7.568 

7*95 


6*99 

23,404 

1‘13 

31, *216 

12.576 

8*36 


7*2l 

•24,448 

1 18 

•28,778 

13,600 

7*42 


8-24 

•23,39*2 

1 25 

29, 3-22 

1.5,*296 

7*77 


8 08 


With farmyard manure, which may be considered as supplying all the constituent .s 
of a large crop of turnips, the number of plants in each year represents the influen(*o 
of season during the early stage of the growth ; and the avt-rage weights of the bulbs 
represent the influence of season during the stage of bulb-formation. 

Ammoniacal salts operated in most instances prejudicially during the earlier stage of 
growth, especially when placed near the seed ; when used with farmyard or other 
carbonaceous manure, the development of* bulb was in some instances considerable, 
and the development of leaf was much iawased ; but the amount of dry substance in 
these bulbs was generally less than i^^thers, and the amount of nitrogen in the 
substance was greater— just the opposite^of what happens in the ^wth of wheat. 

With a considerable supply of ammonia, the vigorous growth of the plants was 
accompanied by a less rapid advance towards maturity in the bulb, and a condition 
less fawurable for providing a supply of root-food than for the production of seed by 
further growth. In this respect the influence of artificial supply of ammonia upon 
the amount of produce of the turnip-root and of wheat, presents a striking contrast ; 
and it is evident that in the cultivation of the turnip for feeding purposes, and as a 
fhllow-crop for obtaining a supply of manure, it is capable of appropriating nitrogen 
^m the atmospheric supply during its period of growth, or from within the soil, to 
enchant j - i-i » n- - 

Theiv_ . _ _ 

well indicated in each year by the number of plants, 
other manures ; but it is only during that sta^ of the growth that they oontribnte to 
increase the amount of prUdilce in bulbs, as will be seen by the small average weight 
of the bulbs grown with phosphates only supplied as manure. 

In the plots supplied with manure capable of furnishing a oonaidenible amount of 
eaxbonaoeoua aix* food, the ( 



azx^-tpr-'''' manure ." 
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«« nmell iio#e «oB*iderible than in any oth« eaae, exeept wh«» wkWa 
^ ^ in the first year, and where the exceptional result was prpbablv referable to 
rjrf«o^ns substances in the soil. The influence of a supply of air-food ffom withm 
?he »il upon the development of bulb, is stUl more stoikingly illustrat^ by the con- 
liTsT^tX® the second and third year’s results. Though with soluble phosphates 
.l^eor with other manure, the number of planU was always considerably grjwter ^an 
in ttoir absence, the average weight of bulbs was very small ; while on the plom where 
! 5 ,™n-hates were used together with a carbonaceous manure, the average weight of the 
ffiiu^toe a much la^r bulb-developmeut. That, together with a greater number 

of nlants. gave consequently the largest amount of produce. , . . 

The necessity for the presence of carbonaceous substances capable of supplying food- 
material from within the soil, is rendered more strikingly evident by the r^ulU of the 
SLmd year : for although the .season was, on the whole, more favourable than that of 
?Kiediug year, and though the numlHT of plants was greater, the amount of 
nroduce was generally less, in consequence of the slower mU' of growth and bulb-fomia- 
tion In the third year, also, the deficient bulb-doveloi>ment within 
crrowlh on those plots where phosphates alone were used, iis compared with the r^ulta 
^aintd where carbonaceous manures were also supplied, shows the iiiniorlaneerfpro- 
Tiding that source of plant-food in order to insure rapid growth, and to obtaua^^rgo 

*"Thrinflu^ce'e»<‘““»d upon the composition of the bulb by the ratio existing 
betw^*en the supply of carbonaceous and nitrogenous air-food from wi Inn the soil, is 
weU indicated V the differences in the amount of nitrogen in the dry subslanco of 
the turnips grown with farmyard manure and r-Hie-cako alone, and with mldition of 
ammonia*^ md in those grown without manure and with top-dressings containing 
different proportions of carbon- and nitrogen-yielding niati-rials. 

farbonMCOTS manures, however, are serviceable only in the later st^o of ^wth by 
aftWing a supply of food-material for the development of bulk ; and in the mirlier 
Btaire o/growth tL-y may even be prejudicial if placed near the seed, as mditalel 1 V 
I 11^ V mv. rtf nliintii in the first two vetirs when thirst' niiiiiuros wi>rci drilled with 
t rd Try'rtf rr^Lt^ -r: to be omy withn. rmnh of the young 

nlant when it has developed its accumulative organs under the influence 
^1, It should bo nlaced as near as poKsiblo to the seed. Ihe advantagti 

of Zng m is illustrated by tie greater number of plants in the third year, when iheso 

Torrfo^ZetXwi&Sy^ 

iStoir:rreK‘t:irr;«^^^ 

& hrih^t^nSeS^fo"®^^^ k^er “than”thai in the whlaleropT direct supply of 
wa^y^po^ible to avoid the conclusion that it exercisea some imporlaiit and essonlml 

found to exercise any favourable it expected that this 

i'fVh: zzp’c.ri .zijzs: 

'monantityof notash removed fi^m ‘»>® 

exhaustion of the ash-constituents , ♦..-nin in feeding live-stock, they aro 

export^ in the m^ f^’l^^heCanurr^ and if artifeial phosp^ato-maiiuros la* cm- 

r n returned to the land in the maiiur ’ . ^ this constitufut from the land 

by the export of to show that the cultivation of the turnip is 

The facte already described of which nitrogen is stored up as part 

a part of the economy of ^ ^ having served intermediate purposes, 

of the floating capitel of the result of increasing the amount of produce 

is made to contributo to % IhraTm^phcric supply nitro- 

in com. It is^ ^'^rSh the JSm-emps,^ during Z(r period of 

"jtS* o^thly conld ntbowme obtain directly from that «n.«. 

own nimidod capabiUty of appro^tion- 
3 H * 
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Tbomb the turnip has here been referred to aa aplantj^ntag, ia tbetanm. 

Btuncea of its cultivation, a strong contrast to corn -crops, it is cbieffjr by the growth of 
leguminous crops — such as clover, beans, and that nitrogen is directly appropnated 

from the atmosphere. In the cultivation of the turnip as a\ fallow-crop an artificial 
supply of nitrogen over and above that provided by the farm manure is not generally 
requisite; but it draws largely upon the aupplies of nitrogen from within the soil; and 
in this respect it tends to render an artificial supply of nitrogenous manure more 
necessary for the succeeding corn-crop (Lawes and Gilbert, (^, cit, xviii. 454; 
Jowm. Chem. Soc. [2] i. 100). Leguminous crops, on the contrary, appear to render 
land richer in nitrogenous supply, and thus to augment its capability of gelding large 
crops of corn. The influence of clover in this respect has long been known. (See 
Kir wan, Op, cit., p. 166.) 

In the cultivation of land under such circumstances, supposing the amount of pro- 
duce sold during 4 years to be 30 bushels wheat, 35 bushels barley, and the live-we^ht 
produced from 10 tons turnips and 5,000 lbs. clover-hay, or 1,600 lbs. beans, without 
unported food, the quantity of ash-constituents removed from the land would be, at the 
l^tmosl^ as shown in the following table: — 


-W 


Quantities of Ash-constituents per Acre abstracted from Land, in Produce sold off the 
Farm during Four Years. 


Amount of produce. 

Ist Year. 

2nd Year. 

3rd Year. 

4th Year. 



Live- 

Weight 

from 

Turnipi. 

10 tons. 

Barley. 

35 bushels. 

Live>we 

Clover-hay 

5,000 lbs. 

ight from 

or Deans. 

1,500 lbs 

Wheat. 

30 bushels. 

Are 

Quantity 

in Four 
Years. 

rage 

per Acre, 

per 

Annum. 

Fresh produce . 

1 

22,400 

1,820 

5,000 

1,600 

1,800 



Dry produce . 

2,464 

1,629 

4,200 

1,260 

1,630 



Nitrogen . 


30 



32 



Total tish 

2.46 

40-6 

3T3 

1*58 

31 

76 

19 

Phosphoric acid 

0-98 

134 

105 

0-6'3 

15 

30 

7-6 

Potash 


975 

016 

009 

9 

19 

4-8 

Silica 


11-4 



0-6 

12 

3 


It now only remains to consider the means of maintaining the supply of carbon- 
aceous material requisite as one of the conditions of the production of the full amount of 
produce in turnips. In the feeding of animals there is a loss of carbon, due to respi- 
ration, amounting to nearly one-half of that contained in the food. It is therefore 
necessary to increase as far as possible the quantity of manure produced by the internal 
economy of the farm, by the use of imported food-materials in feeding cattle. This is at 
once a profitable mode of converting those materials into a more valuable commodity, 
and of obtaining a larger quantity of manure for the cultivation of crops ; thus main- 
taining, or even increasing, the fertility of the land, by bringing upon the farm ash- 
constituents — which compensate for the expol't of corn—and materials containing nitro- 
gen and carbon in a form capable of becoi!^^ available in the cultivation of crops as 
supplies of air-food, auxiliary to those furfiished by the atmosphere and by the mrm- 
yaro^manure resulting from the crops grown. 

. On a farm cultivated under such a system, the exhaustion of the land is altogether 
" precluded ; and although the existing system of disposing of town-refuse invmves h 
total loss of the phosphates and potash contained in the exported produce, it is probable 
that, as regards the extent of land at pr^'sent under cultivation, tnere may be anffident 
available sources of those substances in the mineral kingdom, to counterbalibidl 8u<^ a 
loss for a long time to come. Still, the disposition of town-refuse in such a mmnMf 
to be available in fertilising land, and to be useful rather than a source of and 

annoyance, is a requirement whi<^ is every day more urgently demanding atteotmn. 

Having thus considered the nature of the differences obtaining, on the one 
between spontaneous vegetation altogether unaided by art, and natural vegetation 
aasisled by tillage — on the other, between agriculture conducted onW with a view to 
obtain^ the natural amount of produce, and agriculture involving an uiereaeed p^nce 
by artiflciBl means, it is now neceesa^ to consider what applusationa have been 
of the general knowledge of the chemistiy of vegetation, or of the tiewa whidi have 
been entertained with regard to it. 
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Lielig» in applying to agriculture the theory of plant-nutrition which he eon^ 
Btructed fiom the materials furnished by Sau 8 sure, Davy, Sprengel, and Bous* 
sing suit, adopted the fundamental proposition, that plant -food consists solely of 
carlwnic acid, water, ammonia, and the ash-constituents. In endeavouring to tiscertain 
the causes of the efficacy of manure ; the mode in which it acts ; the circumstances 
upon which different metluxls of culture depend ; and to establish rules for a rational 
system of agriculture,— he addressed himself first to the questions, “What does the 
soil coutai^ What do the materials called manure contain?” questions whoso 
determination constituted the starting-point of rational agriculture (Che-mistry, &c., Ist 
edit, p. 139). lu this enquiry his attention was mainly directed to the ash-constituents 
of plants, and to the comparison of these with tlie constituents of soils and of manure. 
Observing that all cultivated plants contained potash, phosphoric acid, and other ash- 
conajtituents ; that the presence of these sub.stancoH was constant in particular plants, 
and parts of plants; that every productive soil contained the same substances; that 
the repeated successive growth of a particular crop on tin* same land rendered it less 
capable of producing that crop until an int(*rval of some years had been allowed to 
elapse without growing it, — he came to the conclusion, that the capalnlity of land tgf' 
produce crops, was due to the presence in it of tin* ash-constitiicnts of plants th* 
assimilation of carbon and nitrogen was dependent upon tln^ presence of the ash-eon- 
stituents in the soil, and limited by the available amount of them : ironsequently, thaf 
the amount of produce was proportionate to the available amount of ash-const ituents 
in the soil (Op. cit. 3rd edit. pp. 113-123). From the same data he concludeti that 
the decrease of produce observed when a particular crop is raised year iiftor year on 
the same land, was due to the abstraction of ash-constituents from the soil. (Op, cit, 
pp. 118, 164.) 

Observing, further, that animal excreta and the plant-remains in farmyard manure 
contained the same ash-constituents as the plants which had been consumed as food; 
that this manure exercised a fertilising influence upon land naturally unproductive, or 
exhausted by the cultivation of crops, — he couclude<i that the efficacy of this nianuns 
which might be regaixled as the ashes ot tin* food burnt in tlu^ bodit*8 of animals, was 
due to the ash-constituents it contained ; that its peculiar action consistc^d in and wjis 
limited to the supply or rest/oration of the a.sh-constitin'nts, which the land was either 
destitute of or had Wn deprived of by previous crops. (Op. cit. pp. 176-187 : Ad<ln»$ 
to the. Agriculiurists of Gnat Britain^ pp. 7-12.) 

From the well-known facts that tin* piNslucfi of land could be increased by manure, 
and that in many cases the crop is dir«*ctly proportionate to the quantity of manure 
used, he concluded that this effect was referable to the amount of ash-constitin*nts 
supplied to the land ; that if the supply of those constituents were greater than the 
quantity taken away in the previous crop, the amount of uroduce would bo increaH«*d ; 
that if the supply of them were less tlian that, the produce would be reduced ; and 
that if it were just equal to the quantity removed, the produce would remain constant, 

(iIrfrfreM, pp. 7-12.) t - t.- 

Adopting these conclusions as axioms to be observed in practical agriculture, Liebig 
also taught that the production of the organic constilu* nts of [ilants from carlxinic 
acid, water, and ammonia was determined by the presence of the ash-const ituenU pro- 
per to the plants cultivated (Chemistry^ &c., pp. 196, 204) ; that its extent was limited 
by the available amount of them in the soil (Op. cit. p. 203); that the efficacy of 
humus in augmenting the amount of produce, by furnishing a supply of carbonic acid . 
additional to that afiTorded by the atmosphen*. was subject to the same limitation 
(Op. cit. p. 197) ; that the amount of produce was hi entin ly indejiendent of the arti- 
ficial supply of ammonia, that if only the ashe.^ of solid and liouid .*xcretM weresuppli^ 
as mMuw, the crops cultivated would derive their carbon and nitmgi*n from the athl^ 
sphere ( Op. cit. pp. 181, 203-204) ; that the ammonia of the atmospliere, exceeding the 
r^uirem?nts of wild plants, was fully sufficient for all the objects of agmculture, even 
fo?that most important one, the production of nitrogenous const, tu.mts of plants to 
serve asipod^for man and animals. (Op. cit. pp. 54, 211.) 

The prtd^ion of these eubetances was repr.-senl«l by Liebifj as depending upon 
the in the aoil, of phosphate., which enabbid planls to denve 'h-' 

nitrogen ftoi the atmosphere-a source where the abstrsetjon of that element was 
smXeodsly compensated by the ammonia ‘‘‘X, 

pWts, and irha^from other sources (Op. cU. pp. 147, 212). Hr also 
^ of the ^atSt importance for agriculture to know with 
fleial nrpply of ammonia was unnectesary and sum^uo™ for the 
cnltivaM mants. and that the value of manure could not be estimated, accorffing to 
the rale K^^ed in Ranee and Germany, by the amount of mtrogenoua substances 

"^^^wHUj^ilerpro^r.cotohis opinion as to the superfluity of nitrogenou 


M4 


MANUSf!': 


manure, Liebig instanced the large quantity of nitrogenous substances produced-a« 
J/Mjr, milk, and £esb—on grass-land without any supply of mtrogemus manure, and 
contrasted that fact with the smaller produce of nitrogenous constituents produced, 
within the same period — as corn and roots — on land to which nitrogen had been sup- 
plied ‘as manure in greater quantity than was contained in the produce. He also 
referred to the export from Egypt of ammonia, obtained by burning animal excreta ; to 
the proverbial fertility of that country, where only the ashes of excreta, and the Nile 
mu(C containing little nitrogen, had been used as manure for ages ; to the export of 
choose from Holland and Switzerland,— as rendering it perfectly certain that the pro- 
dution of nitrogenous constituents of plants was not proportionate to the quantity of 
uHrf)gen supidied to the laud in the manure ; that the export of nitrogenous produce 
wa« not exhaiLstive ; because it was not the soil, but the atmosphere, which yielde<l 
‘ ^nilyogento plants: that it was impossible to augment the produce of land bv the 
Supply of highly iiifrogenous manure, or of ammonia-salts alone; but that, on the 
contrary, the capability of land to produce crops increased or diminished in direct pro- 
portion to the ush-constituonts supplied to it in the manure. (Op. oit. pp. 210, 211.) 

The logical consequence of the opinions thus formed, was to regard the asli-con- 
jAtituentS'ftS the essentially, if not the only, effective portion of manure (op. dt p. 202). 

was insisted upon as a point of especial importance for the practical farmer not to 
deceive himself concerning the cause of the efficacy of manures (Op. dt. p. 187). In 
this respect the ash-constituents were compared by Liebig to the quinine of cinchona- 
bark, the iodine of burnt sponge, or the active principles of opium (Op. dt. p. 187). 
Consequently, the ash-constituents of manure W(^re the niaterials which, according to 
his view, it was essential for the farmer t/O supply to land artificially, in order to increase 
the amount of produce. (Op. dt. p. 203, 211.) 

The fundamental principle of rational culture, according to that view, was the perfect 
restoration of the ash-constituents removed from the land; and whether that restitution 
were made by applying excreta, or ashes, or bones, was regarded as a matter of 
mdiffiTenco (Op. dt. p. 187). Tlie particular kind of a-sh-coiistituents to be used as 
manure, was to depend upon the kind of produce required ; alkalis for the production 
of substances analagous to starch ; phosphate s for the production of nitrogenous sub- 
stances (Op. dt. pp. 193, 142, 144, 148). By the exact determination of the amount 
of ash in cultivated plants, and by the analysis of the ashes, the quantities of tho.so 
substances removed from land by crops was to be ascertained. Thus the farmer was 
to be enabled to keep a debtor and creditor account, for each of his fields, of the several 
ash-constitnents removed from the land, year by year; and to determine, according to 
the kind and quantity of the crops raised upon it, what substances and what quantitie.s 
of them were to be returned to the land, in order to restore its original condition of 
fertility, or to be able to express exactly how many pounds of one or other constituent 
was to be supplied to the land in order to augment the amount of produce. (Op. cit. 
pp. 213, 214.) 

Extending this view of the chemistry of plant-nutrition to the explanation of the various 
operations of the farm, the practices of rotation, fallow, &c., Liebig, still concentrating 
his attention upon that particular aspect of the chemistry of agriculture in which the ash- 
f <Mi8tituents of plants, soils, and manure are concerned, a.scribed the influence of fallow in 
tendering land again capable of supporting tlie growth of com, solely to the liberation of 
the ash-constituents requisite for that crop, by the deeonqxisition of alkaline si licates in t he 
land during the interval of fallow (Op. dt. pp. 118, 130-133). The similar influence 
’ hnrnt Ume and burnt clay on some sojjis, wa.M ascribed to the same cause (p. 136). 
^lljlwpresented the advantages of rotatiofi^-pf crops as being, to some extent, due 
^^Sroduction of liumus in the soil, but chiefly to the unequal requirements of 
Jfferent lUternating crops for particular ash-constituents, and to the consequent 
imulation, daring the greater part of the period of rotation, of those ash-constituents 
in least available amount in the soil, and requisite for the growth of one crop 
larger amount than for the growth of the intervening crops. (Op. dt. pp. 150-161, 
169, 172 ; Berzelius — 1844— xxiv. 333.) 

This theory of the chemistry of agriculture was applied by Liebig in the production 
of artificial manure ; and a patent was obtained by M us prat t for the method of manu- 
facture, as a communication from Liebig (ImproveraenU in the Manufacture of Manure, 
1845, Specification No. 10,616). These artificial manures were intended to jrapply to 
the land exactly what was wanting for the growth of any particular crop, and thus to 
effect an economy which would be impossible while manure, was applied indisenmi- 
nately— the useful and the unnecessary constituents together. But the chief advantages 
which these artificial manures were to secure, were to render the rotation of crops and 
following unnecessary and superfluous, and to admit of one and the same kind oi 
crop b^'ng grown, year after year, upon the same field — of a perennial wheat-crop 
without the necessity either of fallow or of a rotation of crops, which was regarded by 







Tiehia as a mtriction tesd^ding all that science might be able to teach {PHncipUi^ 
'^ 47 ? These manures, which were intended to effect such an entire revolution in 
Srricuituml practice, consisted chiefly of compounds of potassium-carbonate, with cal- 
mm-curbonate or phospliate, potassium-silicate, gypspi, bono-carth, and salt, and 
about 4 per cent, ammonio-magnesian phosphate, equivalent to rather less than 0’2fl 
T^r ceut ammonia in the manures. The following table contains analyses of these 
manures as manufactured by Messrs. Pfeiffer, Schwarzenberg, & Co m Cassel (Pabst 
-Landwirthsc/uiflN^'he Erfahrungen vcm //oAetiAefw?, p. 13). For the sake of 
comparison, the calculated composition of the manures, according to the directions <» 
the specification, is added 


Cofnposition of Liehig'n Artificial yianurrs. 


r Ammonia 
Potash , 

Soda 
Lime 
Magnesia 
Ferric oxide . 
Phosphoric ivcid 
Sulphuric acid . 
Chlorine . 
Carbonic acid . 


For Ceieali. 




028 

930 

40-32 

1000 

4-72 

21-20 

9-16 

3-75 

0-64 

5 06 


6-60 

GOO j 

1008 

3-72 

1-04 


9 82 

7-66 j 

1 24-30 

26-00 


3-00 1 

100-04 

100-00 1 


For I.<*aua)(iioiis 
CropK. 


K<i..l.Cro|... 



0-24 


0-40 

11-38 

26-28 

14-60 

19-10 

13-70 

13 20 

4 02 

16-73 

26-23 

16-20 

32-20 

20-06 

1 67 

064 

1-56 

1 06 

1-48 


1 3Ci 


1 60 

9-76 

2-37 

1 14-20 

9 17 

372 

6 70 

' 3-00 

116 

2-40 

lfl8 


14-33 

16-48 

26-20 

i 21-60 

18-39 

8-32 

i 9-08 

1 

1 


2 96 


1 4-60 

98-01 

100-00 

j 98-76 

100-00 


Tho proper composition of manures for otl.er plants, w,.s n 1„. aseertaiin d by bum ng 
the olmitH and analysing the ashes, and tln-n combimntf ibe manure nceording to the 
anXsis(‘‘S»««/.” P- if lin*' '•^7). In the Addnio to /(vncw/tHmts, oiplaiiDng the 
analysis t. ‘JP ^ ’ j Li eb i tr stated liin view that “ the exhaustion of the 

Toir by Subsequent crops— its (b’crease in fertility— is producad by the gradual remov^ 

of the^raineral elements, in a soluble statr, which are necessary for t he 

our cultivated plants. Uy a supply of manure they he mmov.4 

suited to serve as nourishment to a new vegeUt.nn ^ 

elements of the soil, by means of nianuiv bo suffl.uent, if th ^ “ 

restoM the original fruity reuppe^^ 

p.^^'wa«*ttfy proportional/ to tho available quantity of ash-constituentj^ 
mS substance Vhich, - as such, are ind. struct jble by 6re. and con equently rMi^ 
as ashes after the incineration of the plants, or I'"**- jP; ) 

Consequently the agriculturist was to confine himself to supplying t^o 
to his Sd, anS giving it the proper physical condition, "? ■*" ‘j’ ^ 
inciewm, the assimilation of carlsmic acid ami ammonia " ^rth rorr^^J 

received with enthusiasm in England and America, * nhortlv after the IBP 
beldU weU represented by ri^^^^ 

ducUon of the "•*”“'“7, " be wn^ill 

o plants in /he inorganic cmfstituenlH ; so that, in putting 

^em. and, consequently, must ^ 1“ es^ntially quite the same if it were first burnt. 
faTm.DuiuiTe upon land, it would lx CTwm y q ^ efficacy can only iw duo to iU asli- 
and only the ashes strewed ”1"". “"f; i, principle aptdiid to agriculture, suddenly 

con^tuents. It u to hitherto t,c..„ sought for 

^‘^f"^„i* itTeL.fto «S meadow-land can yield annually 

in vam. Wow, it i» ^y to ^ j » n«<>ft«i*arv Quantities of salte are 

great ijnwtitie. of hay withou ‘twXK» is abU to obtain 

convened to it in the water, I sand-drifts, if only a tiny rill from tto 

anow-pwlw of tile Andes idea of Liebig’s; but hundred* 

m^development and improvement for thnfc 
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simplification and security of agriculture which will be ^ inheritance of posteritj ; and 
we begin to find it natum that in England— where^«ccor^g to the standard hitherto 
known, agriculture stands'so high^Liebig should be eelebrated as the^founder of a 
rational system, in opposition to the previous purely empirical one ; and that he should 
be overwhelmed with laudatory demonstrations and marks of honour, in such a way 
as scarcely one, and certainly no foreigner, has j^yex experienced there.”— 
Schleiden, 2vis JR?an^, pp. 173-174. 

Under the auspices of the Royal Agriciiltur^J Society of England, an elaborate in- 
vestigation of plant-ashes was undertaken by Way and Ogston, with the view of 
0 hta|l|i^ data for the preparation of artificial manures according to Liebig’s mineral 
agriculture {Joum. Roy. Agric. Soc.). 

_^>0rienco did not realise the expectations which had been entertained as to the 
be obtained by the use of manure prepared according to the principles of 
oral theory.” Among other places, the wheat-manure was tried at Rothanftted, 
following results were obtained. (See Lawes and Gilbert, op. cit. viii. xxv.) 



m 

1%-k' 

t' 

Dressed 
corn 
per acre. 

Weight 

per 

bushel. 

Total 

corn. 

Straw. 

Total 

produce. 


1843-44 

bushels. 


lbs. 

lbs. 

lbs. 

3 

Unmanurod . . ... 

16 

68*5 

923 

1,120 

1,476 

2,043 

2 

Farmyard manure, 14 tons 

20i 

59-3 

1,276 

2,752 

4 

Ashes of ditto „ ... 

Hj 

68-0 

888 

1,104 

1,992 

10 

Superphosphate, 6C0 lbs.; potash-silicate, 

15i 




220 IbB 

62-0 

1,008 

1,112 

2,120 

17 

Mixed phosphates, amm.-sulph., 65 lbs. 

19 

62-3 

1,240 

1,422 

2,662 

19 


24i 

61-8 

1,580 

1,772 

3,362 


1844-46 






3 

Unnianured 

23 

6G5 

1,441 

2,712 

4,153 

2 

Farm-yard manure, 14 tons , 

32 

6G-8 

1,967 

3,916 

6,882 

6 

Superphosphate, 112 lb8.;aiiBaionia-sulph., 

28J 






1124b8. ; rape-cake, 660 lbs. . 

67-8 

1,871 

3,644 

6,615 

10 

Amm.-sulph. and chloride, 336 lbs. . 
1845-46 

32 

56*3 

1,980 

4,266 

6,246 

3 

Unmanured 

18 

63-8 

1,207 

1,613 

2,720 

2 

Farmyard manure, 14 tons 

j Liebig’s manure, 448 lbs 

) ,, „ „ amm.-salts, 224 lbs. 

27 

63-0 

1,826 

2,464 

4,280 

6 

204 

63-7 

1,400 

1,676 

3,076 

29| 

22| 

63-6 

1,967 

2,571 

4,638 


( » ,t >t rape-cake, 448 „ 

63-0 

1,634 

1,968 

3,502 

7 

j „ „ „ amni.-salts, 224 „ 

( & rape-cake, 448 „ 

31J 

63-4 

2,163 

3,007 

5,170 

10 

J Ammonia-sulphate, 224 lbs. 

27} 

636 

1,850 

2,244 

4,094 

) Unmanurod ..... 

17t 

63*8 

1,216 

1,466 

2,671 


the amount of produce obtained by the use of farmyard manure, with 
ineO where only the ash of an equal quantity of the same manure was uschI, 
it« that the use of this manure effects something more than the mere restora- 
fnstituents to the land : and this result jUone is sufficient to show the 
'* mineral theory of agricultiyfe.” 

ady been shown that the lanflf though exhausted in regard to the growth 
under the oidinaiy system of' cultivation, was still rich in available ash- 
its (see ante^ p. 837): wnsequently, the application of these only as manure, 
kttendi^ with any increase of produce over that obtained without any manure, 
licb may be regarded as the measure of the extent to which the natural supply of 
[r-food by the atmosphere and soil was available for the growth of wheat. But, 
wherever ammonfa^was supplied as manure, the produce was always much increased, 
even in those exce^onal instances where it was used alone. These results, then,^ are 
in direct opposition to Liebig’s mineral theory of agriculture. 

In the case of wheat, the capability of production does not increase or dimaish ia 
exact proportion to the ash-constituents supplied to land in manure, but thigpount 
of pr(^uce is proportionate to the supply of nitzog^ in the manure : the ca|MRmity of 
production may be increased by manure rich in nitrogen, and even ammonia-i^ts 
alone. (See Chatter ley — 1843 — Phil. Mag, xxii. 470 : Report expeAmeatB 

with saline manures, containing nitrogen.) 


It is, therefore, the relative deficiency of the supply of nitrogmos food i|i^ich must 
be regarded as constituting the principal feature of that exhaustion of landi in regard 
to the growth of wheat, which takes place in the ordinary routine of agricultural practice. 
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Similar ^r^ento to tho«6 aWe described Im^ made on the Ibht land of 
Koifolk and m Kent» and the same general results have been arrived at TSeo Law»H 
and Gilbert, Op. dt. xvi. 207. xxiii. 31.) ’ ^ 

These facts at once fomish a clue to the function of farmyard manure in tlie growth 
of wheat, over and above the mere restitution of ash-constituents, and they illustrate 
the importance of the accumulation of available nitrogen upon tlic farm by the cultiva- 
tion of fallow-crops. Moreover, they are conclusive proof that, so far as rtdates to 
increase of produce in wheat, the value of this manure is more essentially dependent ‘ 
upon the supply of nitrogenous material which it provides, than upon the restoration 
of ash-constituents removed by former crops ; though this Iatt«‘r is a necessary 
of the maintenance of fertility in regard to long periods of time, and one whi<£S|SvC 
obtains under a good system of farming. 

The striking contrast presented by wheat and turnips in regard to amount 
when grown year after year on the same land without manure, clearly indiSfi|B|3|p 
in the cultivation of the turnip, by which the exhaustion of land, by proviouiuffl|oF 
compen^ted for in ordinary practice, a supply of air-f«x>d from within the soil 
bo provided by manure. Though the produce of wheat-allowing for the iuimiM of 
season — was tolerably constant during twenty consecutive years, the produce of titttoe 
was reduced in three years to almost nothing. ConstM^uently, the capability ofi^Sa 
plant to appropriate the food-materials furnished by the atmosphen' during its period of 
growth, is not so great as has been supposed, and is, indeed, ^inferior to that of wheat. 

The different value of manure in regard to these' crops respectively, is also shown by 
the results obtained with phosphates, with ammonia-salts, and with farmyard manure. 
Superphosphates applied to wheat afforded no increase in the amount of produce 
over that obtained without manure ; but with turnips it always inen^ased the amount of 
products especially when there was an almndaut supply of carbonaceous air-food pro- 
vided, in addition to that furnished by the atmosphere within the p<Tiod of growth. 
Ammonia-salts applied to turnips, either with or without other ingredients of manure, 
and with abundant supplies of ash-constituents in the land, did not increase the 
produce, or promote a favoimiblo mode of growth; but with wdieat, under the same 
conditions, they often doubled the amount of produce Farmyard manurt‘ — containing 
Iwth phosphates and ammonia, or its equivalent, together with a large amouiit of carlion- 
acoous material — applied to wheat did not increase the amotint of produce more than 
60 per cent over that obtained witliout manure; but with turnips its use was 
attended with large increase in the avenigo weight of the bulbs ; and when soliiblo 
phosphates were also used, there was a very conside rable increase in the amount of 
produce per acre. The difference in these cases is chiefly rcfferable to difference in the 
n^uirements of these plants as th<‘y are cultivated; a eom[)nrHtively more abundant 
supply of carbonaceous fxxl and of phospliates being necessary for the turnip, while 
wheat requires a comparatively more abundant supply of nitr(>genouH food. 

The amount of produce obtained with Liebig’s wheat-manure, in the third year, 
was little above that obtained without any manure, and much less than that obtained 
with farm-yard manure; but when ammonia-salts were used with Liebig’s manure^ 
tlie amount of produce was increased nearly in proportion to the amount of nitrb^j 
genous material supplied either as ammonia-salts or rape-cake. I • 

Expc^riinents made before 1845 by Li o big himself, with these manures 
only of ash-constituents, did not furnish any indications of their efficacy; and^ tttjB^B 
quent trials upon poor uncultivated land at Giessen, the effect produced whew'^fo 
were used alone was veiy slight, comparwl wit h that wIj ere forest-earth or 
were used (Liebig, pp. 40-45). By cultivation, the fertility of 

gradually increased ; but as no data Iiave ln*en given as to the composition of 
♦he amount of produce, &c., by which an opinion c<juld be formwl as to whaf^ 
latent resources of the land — liow much of the result may l>e due to tfie influrii|oP;Of^ 
tillage, or to the manure produced as the result of cultivation only, and how little of,;^ 
that result may be due to the supply of ash-constituents to the land in the first year—* 
it is impossible to regazd the results of these e^rimemte as constituting any exciqition ' 
to the oWrvations made elsewhere as to the effect of manure oonsisfing wholly of ash- 
oonstituentit of plants. 

The fitllure Liebig’s wheat-manure, and the inolRcacy of the fish of farm-yard 
roanuxt |pve^ ascribed to their deficient solubility. (8ee Liebig, Kinleituruf in 
ffi A’inljifaiisi fir pp. ^OetBcq. ; International Exhibition, 1862, Reports f/y 

liSl.V Tliis opinmn may be ui^d as an excuw* in those instance's, but it 
has M to the other instances in which the constituents of the wbeat- 

tnanm of tip phes were used in a very soluble condition, and were nevertbeless 
eonally juefUrilti it tii augmenting the prodnee beyond that obtained without manure. 
The ttoto df sthsptioir could not, therefore, consist in deficiency of ash-constituents; 
•»d the rmlts obtained by the use of ammonia, even alone, or with those nianure% 
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dearly prove tflat the relatire defidencv of within the period of 

crowth. was the main feature of the exhaustion, we determining ^use of the small 

^oant of produce on the unmanured land, f ®“l«We ash^B. 

amount oi p farmyard manure iib and of lie big a manure. 

and fist, as 

of tbensb-constitnentso P . be adopted, of supplying 

i^^ganfe^iculWra pra^T^ , p , ^ rendeif^tte available resources of the land fully 

the om, _ b, wiici ^ 
i of cor? can be obtained year after year l^m ord.naiy knd But 
of ammonia-ealts at present available are inadequate for that pur- 
- ttll evident that a rotation of crops is an indispensable of * system of 

where the production of com is the chief object, and where it is neccse*y 
^Sa large amount of produce. The increased supply of nitrogen stored up from 
rti?wheric sirccs by the mltivation of fallow-crops, and made available by cat le- 
‘ fSifOT thTprodSction of com, must at the same time be supplement^ by the 
putchw, from extraneous sources, of nitrogenous manures, and 

L nractieaMe and profitable in particular instances. In the case of land nch in ash- 
con^tuents, the artificial supply of nitrogenous manure may be, to ^me extent, substi- 
te“S mtetion, and cattle-friing, so as to obtain larger and more frequent corn-crop. 

It appear^, therefore, that instead of reforming agriculture by his manures, Liebig 
caused^them to demonstrate the incorrectness of Ins mineral thmpr of agnci Iture 
S the failure of those manures, from the iippliciitiou of which farmers had been 
induced to anticipate such wonderful resulfs, naturally produced a revulsion of opin on 
wWoh wa^somefimes expressed in a manner not free 

mwaition to the views put forward by Liebig. Thus the President of tl>« ^ 
Amcnltunil Society of England, after remarking, in his annual address, that the 
theory hastily adopted by Liebi g, had broken down ; and that the doctrine of 
the inlireaBe OT dimimnion of crop being exactly proportionate to the J 

nittion in the quantity of ash-constitiionts supplied to them in manure Imd ‘ 

death-blow from the experiments at Eothiimsted,’' went on to state, that of t _. 
principles of manure, ammonia was specially suited for corn, .phosphates for turnip. 

' Thta^exoression of opinion W a practical farmer must be regarfed as^ allying 
chiefl^o the artiticial supplies of manure required for diiferent cultiyated plan , an< 
not by any means indicative of the idea that, in regard to the nutrition of plants con- 
sidc^ aprt from agriculture, any one or other ,,f 

special value independent of others. The erroneous estimate 
the opinions held in this country respecting manure, has no 
nositmn that such an idea has been entertained, or else the want of a due compwne 
of the farmer’s strictly technical view of this suliject being limited to the ‘ 

of materials to be provided over and above *hose supplies^ winch ^ by 

« ordinary p-actiee, either from extraneous sources or by modihcations of 'h®* 

T^Sxineous estimate has also given rise to much of .‘h® """'f ®P^‘ 

, Whi^iebig has manifested towards the conclusions arrived at by the , 

La««8 and Oilbert, though virtually adopting those conclusions, and materia y 
r ^SSJinrhis orriev^s in Jcooiance ^ith them It has alro l®d*>‘”‘® » ^ 
ttal-«n^ doctrine of plant-nutrition has been called in question. , '® 

SSbas this general doctrine ever b^ disputed, except m so far as rola^ to that 
fnmi of it adoDted by Liebig, according to which carbonic acid, water, and 
^^^rces of the organic constituents of pUnte. 
6 fSi^«8ure— 1841— “Sur la Nutrition des V^^taux.”— umv. 3 • 

» The oriirinalkv of that extreme view.was, indeed, disputed by Dumas, by whom it 

^ ilto ;jfo3about the sqme time. te^lZ^oCisil" 

nlmiiphirique dans la nature, et siir I’action qu il excroe sw tone Ics \ 

HtV.^(nUndu»t. vi. 228 , and C^ual and PhawhigiccU Baiance of 
Berselius, in criticising that doctrine, remarked that, while it 
by any experimental evidence, it Was to opposed to 
I that it co3d not even be regarded aaprobable ; though it 
apiration, and had been propounded with ^ 
by soundness of argument, to overcome the dwwts of those 

t^an to impress otheaw, less cogn^t of it, by stnfang manner«g™^B^WW|^ 
the most officieiit means of making precipit^wientiflc 
/ T/ik^jiherickt xxii 2*20). In reference to Liebig s views on 

tL the mode in which he h*d songht to dee^tt^io w oU he 
for that «t, had met with greater recognition, tte Wg perfecriy 
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tiiutwortb]r» thftn ^ oonsisteui inUi tlie state of knoni ledge at that time. Of 
Bousslngattlt/on the oontraiy, who had ^owed “the diiBeult and Uboriona oonnia 
of deeidii^ ever^r question by experimenti” he remarked, that “his answers, though 
not so rapid, were mostly tjnistworthy. - ^ (Jo auCl. 236, 238.) 

The difcrence thus early recognisad byBerselius between Liebig’s mineral theory 
of agriedture, and BpussingaultJ® viw on the same subject^ has b(*en fully con- 
Erined by the results of expenon^ '^^e former may be looked upon as a thing of the 
past, the error of which has been dehlliiiMikted by the entire failure of the attempts to 
wrry into practice its fundamental prSidlple as to fertility and manure. The latter, 
though modified in some particulars by their development, and by the progreha of^ ro- 
searmi, have been found in the main correct, and are supported by the extended rei^hl 
obtained by La we 8 and Gilbert, in the series of experiments they have coodueted 
upon a working scale, during the last twenty years, with a strict regard to 
pr4btice in the field, and in the laboratory, with all the refinement of modem mRliodt 
of research. > 

The difference between Liebig’s doctrine and the conclusions arrivc|j.- at by Lawes 
and Gilbert, as the result of their experimental researcln^s, does not’ relate to the 
abstract tbedjiy of plant-nutrition ; but it relates solely to the ordinary system of 
aigricultuml practice, and chiefly to that brjinehof the “ mineral theoiy “ of ^iculture 
])ropounded by Liebig, which comprises the principles of manuring. Liebig aiwri bed 
fertility and the efficacy of manure, solely to the amount of available osh-constituenta 
in land, and the advantages of rotation, mainly to the unequal requirements of 
different plants for those substances. 

Lawes and Gilbert, on the contmry, have shown that fertility is not proportionate to 
the amount of available ash-constituents in land ; that tlie (‘ffieacy of manure is not 
j)roportiouate to the amount of ash-constituents it contains ; that the exhai|Stion of 
land, in the ordinary practice of agriculture, consists cliiefly in a deficiency of nit^- 
gonous food-material; that the advantage of rotation consists mon* in the accumulation 
of nitrogenous and carlionacoous food-materials in the farmyaxd manure, than in the 
difference between the ash-constituents taken from land by coni and fallow-crops; and 
that the requirements of cultivated plants cannot be measured merely by the resuito of 
their analyses. . . 

The sterling value of the results thus obtaiiiuxl is not overrated by the opinion ex- 
pressed in the annual addre.ss of the President of the Itoyal Agricultural Socioty of 
ICngland, that “ during the last twenty-five years, there has not been any addition 
made to our knowh'dge, which approaches, in inqiortanco, to the insight intotfia true 
ju’inciples of cropping and manuring, obtained on the experimental farm at 
Kothamsted.’ ’ (T h o m p s o n — 1 HCi ~,Journ. Hoy. Agric. Soc. xx v. 4. ) 

The particular conclusion.s and geiicnd views which have been arrived at by these , 
researches have been vehemently disputed by Liebig, who has bought to maintain 
that they are at once totally erroneous, and perfectly confirmatory of his “minoral 
theory of agriculture.” (Liebig — 1851 — lyette.TB on (7Acwi'/<^ry, 3rd edit. ; ISSfi-— 
ciplca of Agric. Chimistry\ 1863— Aa^am/ Lawn of Jluafandrij, Einlvitung, &o.— ^ 
Hofmann, 0/). c/<. p. 160.) 

This parmloxical position has been arrived at by a singular process. 

It is contended that the “mineral theory” of agriculture comprised ammonj^nd it» 
salts, among the mineral substances which were considered to detorminti the mmUty Of 
land and the efficacy of manure, and which it was, consequently, nect^ssary to Ww tt or 
supply to land, in ordtT to niaintain or inenase fi rtility. (Liebig — 

<i/ Agric. Chetniatry, p. 90.) ....... • • i 

This claim, however, is quite inconsistent with Liebig s original expwitum W m 
views, and with the pointed antithesis constantly maintained in all his 
the atmospheric food of plants, carlsinic acid, water, and aiiimoniH, whether 
dinvtly by the atmosphere, or indirectly fi-om within the soil ; and those 
derirad exclugivcly from the «)U, which "arc mineral HuI*Unc.H, and a» »iich a« 
indestructible by fire, and, conseqnently, n-main as aslies alb^r the incineration of the 

■ It is also inconsistent with the general iuU'r|'r.tet ion rf 
jther writers on the sn^oct. (Sw Horsford— 1840 
i g s en bo r,n -1847-/Wr’s Maffaztne -Hch n 1 1 
nftrt 1849. — .Iohnston-^1848 — Jour. Hoy. Agrtc. aoc.iyfig.t 
IVaUi dca Amndmenta, ppr 423. 623, 624, 627, v 

ntie Hnralc, ii. 81.- Aorrt liritiah AgnctdiwruU Nor. 7. IWA) 
it, in the specification of the patent which wax the erobodl- 
1 theory ” in relation to practical agriculture, neither ammonta 
i* among the miner^ tubetanccs mentioned in the recipM and 

• The muinUir ef .««««»•. amoimtlu* V> lest ^ ***• tmiuoula- 

m«giie»t«nphoil^1l^ to the luaMurc, l« oi coor** con»ide»«a «• uoliwtwfUitt. 
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directions givpo fy him, for the preparation of matituw (^p. S45}» ^ In the " Address** 
alsOi tbouM ammoi^ was stat^ to hare been added to the manure in the first year, stUl 
the prospect of be® able to exclude it altogether was spoken of as probable ; and in 
the third edition oftiaele^^erson Chemistry, 1851, (p, 502), a whole letter was devoted 
to the argument, that aDUurtificial supply of nitrogen was quite a matter of indifference 
(p. 615) ; for though such a supply would exercise a favourable effect on vegetation, still, 
if it were not given, all the requisite nitrogen would be obtained from the atmosphere, 
(p.518. Qee also Allgemeine Zfdtung--lS57—^o. 157 .) 

In the criticism of Lawes’ and Gilbert’s experiments and conclusions, Liebig 
hasiMSumed that they have regarded certain substances as having a specific value as 
ma^rials of plant-food in an abstract point of view ; but this assumption is unfounded. 
Their experiments have only led them to consider that in a practical point of view, 
^nd in relation to the existing practice of agriculture, in this coiintiy especially, those 
materials of plant-food acquire a preponderating value us manure, which, like aramoftia 
in the case of corn, become relatively deficient ; or which are capable of determining a 
particular mode of growth, like phosphoric acid in the case of root-crops ; that they are 
the materials to be supplied artificially, not with the object of wasting the available 
resources of land, but in order to prevent these from lying idle. 

Herein lies a difference which Liebig has either failed to perceive, or studiously 
disregarded ; and it is a difference of the highest importance. The practical farmer 
accepts, in its full significance, the abstract theory of plant-nutrition, so far as it 
concerns hiift : he also looks for its application to the art in which he is engaged, and 
for rules by which his practice may be improved. There is probably no art in which 
suggestions for improvement have been more eagerly accepted during the past twenty 
or^hfty years than in agriculture ; but when sueh suggestions aw tested and found 
wanUng/the practical nature of agriculture demands their abandonment. 

So it has proved with Liebig’s application of his theory of plant-nutrition to agri- 
cullure. Looking only to the ash-constituents of plants, of soils, and of manure, ho 
has laid down rules for agricultural practice— he has prescribed manures, and written 
expositions of the various operations of culture, which in overy single instance 
bear the tost of experience. .... 


Kwh^ the enquiry into this subji'ct has been conducted in a more catholic spirit, 
1 hv a method at once more philosophical and more directly relating to the ruling 


condilpm^'of practical agriculture, as in the experiments of lloussingault, and of 
G-ilbert, the results obtained are calculated to afford materials for a legiti- 


mate ifidSstibn, by which principles of real value in relation to the practice of the art 

may be arrived at. , ^ . • 

The customary routine of agricultural practice, however defective it may be in par- 
'’iicular cases, has become established by observation and experience, and by the exercise 
of the same mental functions which are employed in scientific research. Though their 
exorcise may be limited by the practical object in view, there can be no doubt that, 
in reality, agricultural customs represent natural facts to a greater extent than science 
is yet competent to explain. To those who do not, like Liebig, consider the farmer to 
be “destitute of all understanding,” the prejudices characteristic even of the rudcct 
practice will, therefore, appear as the exponents of those piMiuliarities of climate, soil, 
and other circumstances, which lie at the root of the practice adopted. However vague 
and unintelligible such prejudices and empirical rules may appear, it is from the con- 
sideration of them, that a clue may be obfainetl to the scientific elucidation and 
improvement of agriculture. The 8cience;which is to be cf value in agnculture, and 
whose value will be rexjognisod by farmei^ir.must grow out of the practice of the art. 
and the patient examination of its various details, and not be a mere spe^lative 
grafting upon it. The accumulated data of ordinary experience must furnish the basis 
for iteconstruction, and its doctrines must rest upon evidence of reality, not upon mere 
probability. It may be a slow growth, but it must be a sure one. 

Meanwhile, it is no reproach to the fiirmer if he adheres to the system which he 
knows by experience to have brought him certain results, or that he refuses to adopt 
another system until he has sufiacient proof of its being more advantageous than th^ 
with which he is familiar. This natural conservative tendency has been stren^eni^ 
by the feilores attending the premature application of scientific doc^nes. This is 
really the reason why farmers are in many cases averse to the adimticm of im^ve^ 
ments suggested by science. It is not because they are “ destitute of m npdewitand iD^^ 
or because they pretend to deny the existence of any connectipO' 
doctrines and the phenomena concerned in agriculture, but becafi# it ipt 

aMe whether those doctrines really furnish the rfieans of imI«Ovem^t^^ ‘ F<)ir this 
reason they prefer to be guided by tradition and experience, rather than by unttj^ ^ 
cepts of sdentiite speculation. H there be an established and invariable conneca^ bo^ 
the piactica of rotation with cattle-feed^ and the profitable result of ferming— 




MARASMOLlTl^^MARGARIC Xpjf). 


mt 


Ijetve^ the uae of tuperphosphatee »nd the production of a Urge root crop— betWaan 
the use of nitro^ous manure and the increase of com>crops— those practiees wlU 
continue to be adopted, and thepr will constitute the scientiftc priei^ of agrieulture, 
quite independent of the questions whether superphosphate or ammonioMTe anj 


special value as materials of plant-food, or what b^mes thosejportions of 


anj 

-r ^ . Be porUons of them 

which are supplied as mauurq. and are not obtained m the erop. These are abstract 
scientific questions of high interest for the chemist, and of possible importance to the 
future of apiculture ; but they do not concern the farmer, whose business is to produce 
fo^ with such means as are at his disposal It would be a very iUogical conclusion 
that the facts observed as to the influence of artificial supplies of ammonia and super- 
phosphates upon the growth of corn- and root-crops should be disregarded because 
^enca is unable to explain the precise functions of those substances in vegetation ; 
and it is equally irrational to denounce, as a fully and an error, the application of those 
facfo so far as present knowledge will admit. B. IL P. 

MAHASMOUTB. Syn. with Blbmdb. (See ZiKO, Svlpuxob or.) 

SeeLiMBSTONB (p. 697).— Church (Chem. Soc. J. xvii. 879) has 
lately examined the colouring matter of the Blue Forest Marble, and has shown that 
the colouring material of the dark bauds which occupy the central portion of the various- 
sixed slabs into which the stone has naturally divided, consists of iron pyrites, while 
the paler yellow, brown, or buff tint of the outer parts of tlie slabs is duo to ferric oxide 
resultinff from the oxidation of the pyrites. It appears probable that the colouring of 
other blue and grey clays, rocks, and soils may also be due to the presence of iron 
pyrites ; and hence, perhaps, may bo explained the injurious influence which these blue 
and grey matters exert on vegetation. 

MAJlOikSXTB. White iron pyrites. (See Jeon, Sulfuidbs of, p. 402.)- 
MABCB&XVa A name applied to an impure variety of braunite (manganio.oxide) ; 
also used as a synonym of rhodonite (silicate of manganese). 

XBSCTZiZTBt A mineral having the aspect of tenorite cupric oxide), ftom the 

southern part of .Bod Hirer, in the nei^hourhood of Mount Wxtenita. }lnr^t 0 mgt 08 » 

Specific gravity « 4*0 to 4*1, In the fiame of a candle it melts, and acquires a 
green colour. On charcoal it gives off vapours of chloride of copper, and ttltimatoly 
leaves pure copper. In the pulverised state, it dissolves completely in ammopia. 
Contains 54*3 per cent, copper, 36*2 chlorine and oxygon, and 9*6 water, ^ (QvU* 
Shepard, SiH Am. J. [2] xxi. 206.) , 

MABBC AJrXTS. Syn. with PsAiasroNB. ^ 

MA&OA&XC ACZX>. C'W‘0» = (Heints, Pogg. Ann. di. 272.)— 

This term was formerly applied to an acid intermediate between stearic and palmitlo 
acids, supposed to be produced, together with others, by the saponification of solid 
natural fats ; but it is now restricted, for reasons presently to be mentioned, to an 
artificially prepared fatty acid of the series C"II*"0*, resulting from a definite reaction, 
a. Artificial Margaric acid.— This acid is produced by the action of potash on (^snide 
of cetyl (margorouitrilc) : 

C'’H“N + 2H*0 « + NH*. 

Cyanide of cetyl (oily, see i. 841) is continuously boiled with alcoholic potash, tiU am* ‘ 
monia is no longer given off, and the residue has become solid ; this residue is then 
decomposed by boiling dilute hydrochloric acid ; the separated fatty acid is shaken up 
with aqueous ammonia ; and the turbid solution is precipitated by chloride of barinm. 
The precipitate, after being washed with water and with alcohol, and repoatedW boiled 
with ether, yields to this solvent an oil, which solidifies in the cold, melts beW 40°, 
and has the composition of a mixture of cetylic ether and cetvlic aldehyde. The tin- 
dissolved barium-salt is decomposed by agitation with hydrochloric acid and ether; and 
by pipetting off the ethereal liquid, and distilling off the ether, crude vellowish numflo 
acid u obtained, melting at 66*6° and solidifying in scales and fine needles. Tliii 
acid may be resolved, by several crystallisations from alcohol, repea^ partial me- 
dpitadon from the solution of its sodium-salt by acetate of magnesium, and suose- 


of cetyl i 


0* formed from cyanide of sUtkgl, eontained m the <yamde 

[), whirii occurs chiefly in the portions first preciiritated by aeetats of 

byiceUte of magOMiiim yield meMuicMid, ylii^ 
•fter ha, been b/ reywted ayetollieetion to W y, m h iMU tlw 
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call b« obtahiA .. The acids fhtmerlv so called, obtaini^ hy saponifi^tion of 
natural w«^ Ij^i^res 0 $ stfaricacid with palmitic acid, or other acids of lower 

“ melting at Mf, and solWiiying in 

Wiilea on ewawgi:; ieaording to the mean of Heinta e analysee, 76 « to 7&-.)o 

|W cent. fo 12-67 hydrogen; the formula requiring 75-86 carbon, 

hare been prepa^. The barium-iaU, O^H^Ba O', 
Mhl^iied bv iMiliiMiiiiGt the sodium-salt with uitrate of barium, and waging with 
icater is a ^^^SEwhous powder yielding, by analysis, 60*39 per ^nt C, 9*80 
and 2^*40 Ba0#4he formula requiring 60*44 C, 9*78 H, and 22*67 . 

The sUver-aalt, G‘»H»»AgO* obtained in like manner by 
loose, wbitO; amorphous powder, containing 63*67 per cent. C, 8*74 H, and 28 8o^Ag 
(calc. 64*11 C, 8*76 H, 28*66 Ag, and 8*74 0). , . r 

The sodium^aalAiB prepared by adding a boiling imueous solution of pure sodic cur- 
bonate to a boiUng alcoholic solution of mar^c acii evapomting b) dry n^ over the 
water-bath, exhausting the residue with boihng alcohol, and filtering hot The filtrate, 
which solidifies to a jelly on cooling, is liquefied by heat and mixed with water in the 
proportion of one-eighth of the volume of the alcohol employed, whereby a motheT- 
Uquid is formed which takes up any foreign salts present. On again 8olidi]gdli& the 
(^t i" e.Allfieti»d on linen and strongly 


UUIU AO Cl 

lit is collected on linen and strongly pressed. 

B. The so-called margaric acid obtainea oy sa^ijwanon uj yu.o.— 

Caievreul in 1820 distinguished the solid acids resulting from the saponification of 
fits, as. margaric acid and margaro us. afterwards stearic acid; the former 
meltiM at 60°, the latter at 75°, and solidifying at 70 . He did not consider the dif- 
ference betweeA the two acids to be fully established, but suggested that margaric acl 
%»ight be a mixture of stearic acid with another acid more fusible and richer in oxygen 
fkttv acid melting at 60° was, however, afterwards examined by several cliomistf^ 

" ' ^ihardtu 2Va//^, li. 835), and regarded as a separate acid, having the composition 
this view of its nature continued to prevail, till Heinfz, in a senes of re- 
gfelished in 1862 and subsequent years, showed that it was not a distinct 
I wuld be separated, by certain processes, into steanc acid and other fatty aculs 
^ melting-point. The leading points established by Hein tz in this series of tv- 
i (fof the references to whicn sec Gmeiins Handbook, xvi 343, 344), are the 

I^if tho acids obtained in the saponification of fats contain an even number of 

aefi of most chemists is separable into palmitic and stearic acids. 
Sitty a(^ may be mixtures, and not definite compounds, even though neither 
th^ 6>*n^ition nor their melting-point can be altered bv reerystaJ^tion, 

4 Such mixtures may, however, be sopanvted by partial precipitation vl^ f^*/* . . 

6. They differ from pure acids as regards their melting-point and Uiw mode ot 

*^&has, moreover, determined with accuracy the melting-point oompoi^^and 
nianv other properties of the fatty 8cid.s, and has alro drawn up tables, ^reafW|t*o be 
given, of mixtures of fatty acids of known compwition (see Myristic, PALiam^d 
SthaWo acids). From these, and the investigations of other chemists suhsei^tg 
published, it appears that the nature of the bodies deaenbed as mai«^ 

Chevreul.— T&t, accordii^ to Heinte, is to ^ , . 

mkture of about 90 per cent palmitic acid and 10 per cent w 

probable from the circumstance that it crystallises in needles 
nature are doubtless theriharganc acid of Varrentrapp 
84lk'l9btohed from human fat ; that from goose-fat by Gottlieb (iW. twh ^ *» 
afiMiirbT Thomsonand Wood (J. pr. Chem. xlvu. 237), And aaiiy others. 
’^WitariBric acid of Bromeis.— The acid obtain^ by oxidation of rtewc amd w 
stearic acid, which owes its lower melting-point to a^aUon with 
tdktae^Sdds (see Stbabic acid).— Respecting the maisanc BromeiB 

Pharm. xxxv. 93) obtained from impure oleic acid by the ectioii of nitnc 

" i|e O|i»o ACID. 



om W Bedtenbueher rod Varrentrapp.— That <rf ^t anbaAm ia 
tlm diy metfllat^^ 


^iitoiiric acii 
mofbi 



T X/. stearic acid, when, aocordmg to most of the 

oyer unchang^ That of V arrentrapp (Ann. Ch. Phenm my- 
" distillation of beef-suet, hoifs-lfl^ oliye-ml, or emde 
— ■ — — MTiw ui coropomtion according to the Kind of fst employed. 

^ (Anm^JHianii. Ixiu. 376) ia oUain^ ^tey^ 
<,Mt*dinyl,Md other piodwfie, by tfee dry diabllaboii of afaUnd-oil 








j^GARIC ETHES^MARJORAM, OIL W 


It <sentain8, on the aTewge, 75-84 ger cent C, 1288 H{ in 
gait 28-62 «ent fiilyer ; in the ethvUc etw, 76'83 gei* cent €, 

10.27 O. It appears to be palmitic acid formed hyp|^ppoeiti«M of ^ 

MjJtA nt Pnlnnlr T.owv nnfl nthlU^ bit tho dpV dllltlElilQn Olf 


k Margarie add of Poleck, Lewy, and others, by the dry dmi 


gaponidcfttion of wax, is doubtless palmitic acid, more w ws pfMe, 
gljjMlAJtlO BTUUtS* No compounds of the. afemlfXadiblee with 
manrarw acid (Heintz’s^ have yet been obtained. 

name ha® gsneraUy been applied were probably mixtures of eehsijt 

A simiiar^mark applies to Chevreul’a margarin. 




k. Siraiiac' Ml ' 

MAltCIABXTB* PfrlglimmeTt EmeryHite^ (h^ndeUiU^ vA ] 


lannirc.— k 

(^stals, with a 


V.r.w.v. . , ^ _ 

silicate of calcium and aluminium, occurring in tnmetnc nemi*w>^ ^^v*/° *«^°t " 

monodinie aspect like muscovite ; tabular from predominance of the oP. ^gle 
r» . _ -D _ 1190^0 120'^. Lateral planes longitudinally striated. Cleavage basal, 
. 11 .. rkm arre»ntH9*k4‘oA laminflA SAiyiAfltnlltt' dOlnnSiCt ITiaSSlVC. 


eminent 


JP • oo P » US'* ro izu^. j.<ai>tirai pianos iuii|^ikuvuu<»ujr oiixicwiiVN*. 

Usually in int-orsecting or aggregated laminae, sometime® domp^ massive, 

• .. .. o.R A*K fiSvaAiAs orvuiritv ■■ S’0S2 


wrth a”iioraewhBt Wy 8tructure.° - 3 « to 4-6. Spoj^ “ ?'®®? 

to 2*99: the latter for margarite (Hermann), 2 996 for emeiylHte (Suumnn, jun.). 
Y ^4 w,aa nAai*iv lat/iTCilTv vitrAous. Colour gfoyish, reddish, or yellowish. Trans- 


Lustre of base pearly, laterally vitreous. 

lucent to subtranslucent Laminae rather brittle. .. 

FromSterzing, in the Tyrol (Smith and Brush, SiU. Am. J. ii. xv. 
209i wErom the corundum mines of Gumuchdagh, in Asia Minor, c. From th® 
islahdof Nicaria, in the Grecian Archipelago, d. From Naxos, a. From 
rinenborff, in the Ural (J. L. Smith, ibid. xi. 69 and xv. 208). /. From Vill^ 

Chester eounty, Pennsylvania (Craw, ibid. viii. 379). g. From Bunoom^ rouutj^ 


loe. cit, : 

Silica 
Alumina . 
Ferric oxide 
Lime 

Miignesia • 

Soda and potash 
Water 
Fluorine . 


a. 

b. 

G. 

d. 

e. 

/. 

28*65 

30*83 

30*04 

29*68 

28*60 

31*20 

60*24 

49*30 

4908 

49*38 

61*02 

60*86 

1*66 

2*08 

1*48 

1*26 

1*78 

10'26 

11*88 

10*83 

11*20 

11*18 

1206 

0*69 

0-80 

trace 


, , 

0*45 

1*87 

1-90 

2*68 

1*26 

? 

2'29 

4-88 

3-88 

4*72 

6*06 

6*04 

4-83 

99-76 

9'9^ 

90*10 

97*80 

08^9 

99*88 


29-17 

48*40 


WU 

8'9»* ^ 
2-00 
10082 


4- . 


Th«K> aimlyM* load to theformuU Ca0.2AI»0*.28i0’‘.H*0 (tho catoium boi 

. « « . • i: J al... Iw fa«>1.1Atimi. 


jinese anaiyseB mau w uioiuriuuu* v>t*v^.Aava v 

replaced by potassium and sodium, and t.li« aluminium by ferricum). 

JhrwideUite is margarite from Lnionville, Chester county, Pennsylvaiiia, 
fiuHiLniim is tb« fULtnA mineral from Buncombe county, North Carolina. ^ :i ^ 


. uorwaoewise is niarganvu nA/m ajn.v.a...aav., 

fiuMimte is the same mineral from Buncombe county, North Carolina. - -> 

DipkofUio (U. 480) is also a variety of maigarite. (Dana, ii. 800. Kammelshsvg • 
p. 843.) 

|gL§)gi||^^ A variety of muscovite or biaxial mica, apparently foiled 

ft^ilikiJlitieral by assumption of water, and loss of alkalis and ferric oxide.; ^ 

"4-'' ■'ik ma* n. i t K un#l Tilt, lull /Hill Alii. J. 


(S^iJIlineral by assumption oi waier, ami iu»o ui aionno «U4* w.u.«v. ^ 

i ftom Monroe, Connecticut, analysed by Smith and Brush (Sill. Am. LJ 
' - ^ silica, 33-91 alumina, 2*69 feme oxide, Oi 


11 gave by analysis 46*60 per cenu omun, uu */* - -- «r"'rr’ ^ 

2 70 soda, 7*32 potash, and 4 63 water, with 0*82 fluorine and 0*31 chlonne. 

The acetone of margarie acid: it has not been prepared from 

^ ilT*. Syn. with ^UYWB (p, 14). 

lygm, A hydrous carbonate of zinc, containing 78*26 per cent, /mu, 
16-01 water, found in Marion county, Arkansas (Elderhorst, Bilh 

' 888). A mineral of the same composition occurs at OnmiUii®, neof 

lu composition is expressed nearly by the formula; v, 

.8Zn0.300».6HK), or aZnCO-.OZnO.OHK). 


Am* 


(Petefien and Voit, Jahresb. 1868, p. 734.) 

An alloy introduced hy Wettewtedt in 188i, ^ 


MABtra mTM. An alloy introauceu uy ... 

•fmelhitig of ship®. * It oonsistWof 94 4 per cent. leaA 4 3 antimonVi and 
ligg f ... 11.1 iu miilWble. but harder than lead. Uli'IIMMI 


iwuing oz snipe. ,* otiwwiw wt ^ ; - ~ , 

naa a imeelflc gravity of ll'l, is very malleable, but harder than lead, — 
to be Macked br **tet or hydrochloric wid, and to be twice a> cheap l« < 
doe® not appear, however, to nave been practically used. * 

lauiiAUEOVViirs ULW* The law which expresses the inverse j 
of the volume of a gas, to the pressoie to which it is sulgected at a 
fSro 870 819 ) 

'iMilUUr4MUUK. on. OT. The ToUtUe oil obtained by dUfflUog Waot. 

iofUtuu oj. Orisanim maiyerana) with water ie li(|ht«aail w 








8W MARL-MARSH-GAS. 

a considerable quantity of camphor or stearoptene. When freed fi»m the 
^Stter by rectification, it boils at about 161°, and appears to have the ^^position of 
oil of turpentine, containing, according to Kane (Ann. Ch. Pharm. zzzu. 285), 86*7 to 
86*1 per cent carbon, 11*1 to 11*4 hydrogen, and about 2 per cent, oxygen^probably 
arising from a small quantity of the camphor not completely separated. 

The camphor of marjoram is hard, colourless, inodorous, h^vier than water, 
melto #hen heated, and sublimes without residue. It is soluble in boiling watw, in 
ether, nitric acid, and sulphuric acid, the last colouring it red. It contains .aijcording 
to Mulder (Ann. Ch. Pharm. xxxi. 69), 60 0 per cent, carbon, and 10*7 hydtbgen. 

mAMIt. See Lxmestonb (p. 698). 

MAJtMATZTSa A black ferruginous variety of blende, found at Maimato, near 
Popayan, South America. (See Zinc, Sulphide of.) 

MABMCO&XTS. Syn. with Sbrfbntinb. 

y y A (Kromayer, Arch. Phartn. [2] cviii. 257.) — The bitter prin- 
ciple of white horehound {Marruhium vulgare). To prepare it, the dried herb is re- 
peatedly exhausted with hot water ; the united and concentrated extracts are treaU‘d 
with recently-ignited animal charcoal ; and the charcoal, after washing with water, is 
well boiled with alcohol, whereby a bitter solution is obtaintni, which, when freed from 
the greater part of the alcohol by distillation, and then loft to evaporate, deposits 
marrubiin as a brown bitter balsam. For purification, it is dissolved in alcohol ; the 
solution is mixed with water till it begins to show turbidity, then with acetjite of lead ; 
and the filtered liquid, after being freed from lead by sulphydric acid, is left to evapo- 
rate. The marrubiin then sepamtes in light brownish-yellow oily drops, which, whm 
separated from the mother-liquid, solidify in crystalline masses. Only a part of llio 
ubi'in^ however, assumes the crystalline form; the rest, which in other respects, 
g&les the crystallised substance, solidifying in the amorphous state. In preparing 
ubiln also from fresh horehound, the greater part of the product is obtained iu the 

hiimvaI^ious state. r.ix* *ii 

Marrubfin ciyst^^^ from ether in colourless rhombic plates, or thick four-sideu 
twio-terystals; from alcohol in needles. It is nearly insoluble in cold water (whence the 
hitter taste of horehound becomes perceptible after some time only); somewhat more 
’idluble in hot water. Alcohol and ether dissolve it readily, forming perfectly neutral 
solutions. Marrubiin melts at 160°, and solidifies crystalline on cooling ; at higher teni- 
peratures, it gives off white, very irritating vapours. When htnited in a test-tube, it 
dig^ls in oily drops, giving off pungent vapours smelling like oil of mustanl. Strong 
$u^uric acid dissolves it with brown-yellow colour : strong hydrochlr^ acid does not 
act upon it even when heatt^; strong nitric acid does not act on it in ^e cold^^ but 
dissolves it with yellow colour when heated. It is not perceptibly altered by 
at hy metallic salts, and produces but a slight reduotion in aramOniaeal nitrate <« 
silver ; neither is it precipitated by tannic add. 

AKAHSB^OAS . — Light carburetted hydrogen, Hydride of Methyl, CH*. ^ 

This hydrocarbon gas is very abundant in nature. The bubbles of which 
often seen on the surface of stagnant water consist of it, mixed with nitrogen and car- 
bonic acid. From its occurrence in this way in marshy districts it ta^ its naipo. 
Great quantities of it are given off by many of the coal-beds, so that it often nccumn- 
latcs in coal pits, where it is known as the fre^amp of the miners, and fr tlteAanse^ 
the explosions which occur in those places. It is, moreover, found escaping fr^ the 
earth m many parts of Italy, Persia, Chimn and America. . 

Besides being one of the usual products of the dec^ of organic 
of their destructive distillation, especially when this operation is perfown^^^WjAted 
temperafrires, and in general of the imperfect combustion of fuel, it 

^ of common illuminating gas. Bunsen’s analysis of ManOhestj^j^^^ l^ gives 
B. of marsh-gas in every 100 vols. of the gas, ^ ^ ; 

i laboratory — if we except this production offr by Urn imperfect combustion or 
■ te distillation of or^nic substances—it is comparatively a rare product The 
[ether reactions which are known to yield it are 

etion of nascent hydrogen on tetra^loride of carbon (the nascent hydrogen 
\ by the action of potassium-amalgam on water.) (Regnault.) 

CCl* + H» *= CH* + 4HCL 

^n of sino-methyl on water, and certain analogous actions of the same 

[gH*)*Zn + 2H*0 = 2CH»H + ZnH^O*. , ^ 

‘rives its name, hydride of methyl, 

on iodide of methyl in presencst^f ether 
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Budloisen), which, instead of yielding pure methyl, gives a large quantity of hySitfale 
of metW. 

(4) Tlie action of sulphide of carbon upon sulphuretted hydrogen and copp<'r, or iron 
at a red heat ; also the action of sulphide of carbon on phosphon^ttod hydrogen and 
copper. (Berthelot.) 

There is also some reason for believing that it is produced by the direct action of 
Iiydrogen on carbonic anhydride at a red heat, since when marble is heated in a current 
of liydrogen, more water is generated than corresponds to tlie simple reduction of the 
earbonic aoid to carbonic oxide. ( W a n k 1 y n and Frank.) 

Preparation. — ^The .readiest way of prtqairing largo quantities of marsh-gas in a state 
of tolerable purity is by the destructive distillation of a mixture of an alkaline acetate 
with a hydrated alkali. 

It is recommended to employ 2 parts of crystallised acetate of sodium, 2 parts of caustic, 
potifhh, and 3 parts of powdered quicklime (Dumas, Ann. Ch. Phys. [2] Ixxiii. 92). 
The object of using the quicklime is to save the retort, which might otherwise bo per- 
f(jrated by the caitstic potash. In conducting the operation, a little caution is n‘qiiisib' ; 
no trace of gas comes off until the temperature is V(‘ry high, and then there is a sudden 
rush of gas. 

The rciaction between the alkali and the acetate is tolerably pr»*ciso: 

Nai*’ ^ 

Acetate of sodium. 


IIKO 


NaJ 

CarlM)nato of 
potassium niul 
sodium. 


Marsl)-g»t. 


With the exception of Bunsen’s de.structivo distillation ofeacodyl, 

2Ah(CIP) 2 - As2 + 2CID ^ C'lP, ; 

Cacodyl. Marsli.gat. Kthyieuc. 

it is the only destructive distillation which yields marsh-gas by a precise reaction. 

Marsh-gas prepared as just described from tho acetate is, liowt'vtT, liable to certain 
small quantities of impurity. It is easy to .see how small quantities of aeefone-vapoUr 
are almost inevitable : for destruclive distillation of an acetate alone gives aeetone. 

If marsh-gas of a high degree of purity bo rc<pured, it may be obtained by decom- 
posing zinc-methyl with water. 

Of all known compounds, marsh-gas is the richest in hydrogen, containing fia m|^ 
ns 26.per cent. Next to hydrogen its(‘lf it is the lightest gas (speeitle gravity 0-6676^), 
and is thence not inappropriab'ly naim‘d litjht carhurrttt d hj/diuKicri. In genejral 
ehuraeter it bear^a great resemblance to liydrogen. It is incondensable, colenrless, 
without taste or smell; neutral to test-paper, and very neuind allogelher. It is dis- 
frATn all Other hydrocarbons ])y the low luniinesily of its flame. In tea hr 
and iiSflSooAo/ it is very sparingly .soluble. 100 vels. of water at O'^ (). dissolve />‘419 
voIb, of marsh -gas ; 100 vols, of alcohol at 0' C. dissolve vols. (Bunsen). 

The sparing solubility of marsh-gas in alcohol affords a method of separating it 
from some other hydrocarV>on gjuses, such as ethyl, wdiich dissolve in ahtohol lo a much 
greater extent. By means of sulphurie avid hroimnc (neither of wlneh alt.acks if ), 
the olejBilies may be removed from a gaseous mixture cotilaining niarsh-gas and olefines. 

It is not absorbed by.jwtash, and indeeil there is no reagent wbieh absorbs if. hrom 
aeetylwM^ it ia easily separated by means of an animoni.acal s<»1u1ion ai cvjmats vhUtridv, 
The samo fOfigent, or the hydrochloric solution of cuprons chloride, niighi be employiMl 
to remoracai^Dic oxide (see Analysis of Gasks, i. 283). Aeeonling to 1 luiiiiis^it is not 
attach of sulphur, nor by pmtavkhride phosphorus, nor by pnitacJUprids 

to Kolbe, a hot and coneeiitrate<l mxxinn' oUulphuH4. md 
nitrie doe# not affect it. In the dark, dry vhh,rim is wit hout jmtion u[>on A 
mixture of 2 vols. of cWorine with I vol. of marsii-gas is not at first visibly ufTecm ijy 
sunlight, but after a while it explodes, 'fh** passage of an elect r:c spark also detOrt^^,, 
an explosion. If the gaseous mixture be diluted with earUinic anhydnde, 
exposed to sunlight, a quiet chlorination takes place ; and if excess of chlorine be 5,^ 

chloroform and tetrachloride of carlKui are pnslueed (Dumas). Kqual 0* . 

dry chlorine and marsh-gas exposed to diffused daylight, give a eh]orinatea,glS||ttg^. t 
having the formula CIPCl. It appears that, this compound, C IPO, if 
with chloride of methyl, is very readily con vert «<l into it: for Bert helot 
in obtaining methyl-compounds from it by double decomposition, _ ^ - . r # 

If mowtnre be present, chlorine converts marsh-gas into bydiXM^lon^ 
carbonic oxide. ^ 

* Ain heat, marsh-gas is rcsolve<l into carbon and hydfogsiu Mme chsfl^ 

W% ' 
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MARTINSITE— MASOPIN. 


is effMted by the transmission of electric sparks, but the decomposition is nn„ 

Carbon being a tetratomic element, mai’sh-gas is the normal hydride of carbon and 
the tvDC of a numerous class of compouiids which are produced by replacement of more 
or less hvdrosen by other radicles. Thus chloride of methyl is monochlomm 
Methyl-aleohol is marsh-giis wherein hydrogen hM been replaced by pe,. 
oxide of hydrogen': Formic acid is marsh-gas wherein some of the hydrogen has be,,, 
replaced by oxygen and some by peroxide of hydrogen, e.g.— 



(H 

(ii 

ck 

cjS 


(h 

Ici 

Iho 

Marsh 

Chloride 

Metliylic 

Gas. 

•>f Methyl. 

Alcohol. 



Whf'n carbon makes a partial saturation of itself, as polyatomic elements occasionally 
flo, and as carbon of all polyatomic elements is especially liable to do, there result 
complex earbon-groups requiring very A’arious amounts of hydrogen for their satunition. 
When the carbon has adhered to itself with the least possible expenditure of saturating 
powt'i', and when the complex carbon-group so resulting is fully saturated W'ith liydro- 
gen, there ri'sult certaiu hydrocarbons which form a very M'ell characterised family- - 
the marsh-gas family. The marsh-gast's— homologues of marsh-gas— are characteri.si d 
by their great neutrality, and present a uniformity of character which is most remaik- 
ubl(‘. 

MARSH'S TEST POR ARSSRXC. See Arsenic (i. 362). 

MARTXIirSZTE. A variety of common salt from Stassfurth, containing 10 pt.^.. 
chloride of sodium to 1 pt. sulphate of magm'sium. (Karsteii, J. pr. Chem. xxxvi. 
127.) 

MARTXTE. The octahedral form of native ferric oxide, found on the Puy d' 
Dome; at Tramont ; in Monroe County, New York; in Peru; and in Brazil, lie* 
crystals nr(' regular octahedrons, often flattened, and having the octiih«ylral faees 
'^triati'd parallel to the edges. Cleavage indistinct. Hardness = 6. Spt^cific gravity 
^4-82, Brazil: 4 65, Puy do Dome ; 3*80, Peim (Breithaupt); 5-33, Monroe (II u n t) 
/mstre’subiiietiillie. Colour iroii-black, sometimf's with a bronze tarnish. Streak 
brown, or purplish-brown. Fracture eonehoidal. Not magnetic. 

MARTYI.AMIN’E. Syii. with Xenyi.amink. 

MARXTM-CAMPHOR. A camphor or stearoptf iie existing in all parts of cat- 
thymf> ( 7Wff;Wwo/f. Marum). It is extracted by distilling the dry herb with water, and 
rr'peatedlv cohobating the distillate over fresh quantities of the green herb. ^ It is a 
white, erysfallims transparent, brittle mass, consisting of thin laminae, heavier than 
water, having an unpleasant odour and aromatic taste. (Bley, N. Trommsd. xiv. 2 
and 87.) 

MASCAOXrXlffZS. A sulphate of ammonium, (NH*)'^SOb2H^O, occurring about 
volcanoes ; it was discovered by Mascagni iu the fissures of the lava at Pltiia, Vesuvius, 
and the lipari Isles. It sometimes forms trimetric crystals in which a:h:c = 0-781 : 
1 : 1-129. Angle ooP : ooP - 1()7^ 40'; oP : Poo = 122° 56'. Cleavage, perfect 
parallel to <xP<x> ; imperfect parallel to oP. Usually in mealy crusts and stalac- 
titic forms. Hardness - 2-25. Specif^ gravity = 1-72 to 1-73. Lustre when crys- 
tallistHl vitrwus. Colour yellowish-grey ifo lemon-yellow. Translucent. Tastes pun- 
gent and bitter. (Dana, ii. 379.) 

MA80PXH, C'*H'*0*. (Geiith, Ann. Ch. Pharm. xlvL 124.)— A resinous substance 
obtained from a material used in Mexico for chewing. This latter substance, which is 
said to be derived from a tree called Dschiltc, growing abundantly in Mexico, fomis 
crude porous lumps having a dull aspect, but presenting a bright surface when cut ; it 
softens between the fingers, has little or no taste when chewed, but a distinct ^our 
like that of rotten cheese. To extract the masopin, the dried juice is comminuted and 
exhausted by boiling with water ; and the soft ropy residue is digested with absolute 
alcohol, which on cooling deposits masopin in crystalline flocks, a further quantity 
separating on addition of water. The portion of the juice insoluble in alcohol consists 

of caoutchouc. . u 

Masopin is a snow-white, light, pulverulent substance, which becomes adhesive wnen 
passed Wween the fingers, has neither smell nor taste, is insoluble in water, but 
easily soluble in alcohol and in ether, and crj’stallises from the ethereal solution in 
white silky needles or fi^uently in tufis of small prisms. The ciystals melt at 155^ 
emitting an agreeable odour, and the melted mass solidifies on cooling to a glassy, 
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brittle, yellow substance, having a couchoidal fracture, and molting again at 69 ® or 

70'^. 

lifasopin yields by distillation a brown viscid oily mass, having an acid n^etion 
If the acid be removed by digestion with ammouiacal water, and the remaijider thfii 
rectified over slaked lime, a light-yellow mobile oil is obtained, having an agrtnable 
odour of finger, and containing 88-02 per cent, cai-bon, and 11-49 hydrogen. The acid 
which unites with the ammonia separates, on addition of hydroeliloric acid, in naereous 
crystals like boraoic acid: it may be further purifnnl by precipitation froin solution in 
potash. It forms a (huizling-white silver-salt, which burlis with an odour of cinnamon, 
and contains 4r)-49 per cent, silver oxide. 

3Iasopin dissolves gradually in nitric acid, and the solution leaves on evaiHiratiou a 
visci<l mass like melted sugar, which is soluble in w-ater, ammonia, and j)otash, and 
when combined witli the latter, forms dingy yellow precipitates with most metallic salts. 

MfAsSZCOT. Prcjtoxidt- of lead prepared without fusion. See Lkad, Oxidks or 
(p. 549). 

MASSOY-CAMPBOR ABD OZZi. Massoy-bark, obtained from New Guinea, 
aiul said to bt- the bark of Lanria^ Jiurnmnni, or of ChindMomum Kia^/iis (N('((m), (•on- 
tains a camplnm or stcaroptene, and two volatile oils. Piie earnplior is licavier than 
wal('r,solu1)lein alcohol, ether, and acetie acid, and eolonred yellow by nitric acid, 'riuj 
heavier of the two oils sinks in water, Ix^comes pasty at 10®, *ha.s a j)imgent ta.sle, and is 
coloured deep red by nitric acid. Tlie lighter oil is more volatile, has a stronger odour 
like tlmt of H,as8afras, is lighter than water, dissolves easily in alcohol, ether, and acetic 
acid, and is coloured cherry-red by nitric acid. The two oils and the camphor are 
obtained from tlio bark by distillation with water, (ilonustre, J. PJuirm. xv. 201.) 

MASTSRWORT, OZXi OP. (Wackonroder, Hr. Arch, xxxvii. 841. — H i rzel, 
.1. jir. Clioiu. xlvi. 202.) - The root of rnasterwort {I/hjx futforia O.strnthiu m) contains a 
v(»latile oil, which may bo extracted by distilling the eomminuted root with w-ater. 
Part ot it fioats on tlie watery distillate; the rest imiy be obtained by agitation with 
• •I her and evaporation, and the whole purified by rectification with a small (plant ify of 
water aud deliydrutioii over chloride of calcium. TIk^ yield of oil is from 078 to 078 
per cent. 

This oil is transparent and colourless (Ilir/.c*!), pale yellow (Waekeii roder), 
iiiohile. (the jMirtion w-hieh distils betwesm 2o0'\-md 2*20® is more viscid). It boils 
l>< twe(*n 170® and 220®; has an aromati<,‘ odour (soim what empyreumati(‘, belw('en 
200® and 220® according to Jlirzel); penetrating (Wackeni-od (d-) ; its taste is 
sirongly heating (liirzel); canpdiorous like that of po])]>y-oil (VVaeken ruder). 
It burns with a Imight fuliginou.s flame. 

The portion which distils between 170® and IHO® e<mfains, according to Jlirzel, 
8'r.')7 percent, carbon, ll-4o hydrogen, and 2 98 oxygen ; that which distds betAveen 
200® and 22(t® contains 81-43 carbon, 11-32 hydrogen, and 7'25 oxygen. 3'he oil ap- 
pears to Vjc a mixture of several hydrates of a hydrocarbon isomeric with oil of fjirpen- 
tiiie, corrrcs|xm(ling with the formula 4C*'’lI"‘.ir‘’(> and 3t'"'M '‘.2H"(). (II irz«d.) 

it absorbs chloj'inc, with rise of temper.it are and evelntion of hydrochloric acid gas, 
being thereby converted into a yellow viscid oil, wliieli sinks in water, has a peculiar 
<>d<>ur, and a biting taste. It is deeoniposed in like manner by Arr/z/eo/r, with evolution 
<»f liydrobromicacid. Jly distillation with jihoKphoric atihr/ffridv it yields a (ransparent 
<‘<^>hairless oil, wdiich has an odour of rosemary and an ;in»mafic taste, ami is isomeric 
with oil of turpentine. This latter oil absorbs Iiydroehloric acid gas, uHKumiug a 
reiidish-yellow colour, and forming, after com]>Iefe saturation, reef ifieaf ion with water, 
•iml dehydration with chloride of calcium, an oil which has an agreeable (.slour, an 
aromatic taste, and a composition (74 98 C, 10 80 11, 13 28 (^1) agreeing with tho 
f'Tinula 3C»»H‘M101. (liirzel.) 

MASTZe* A resin obtained by incisions in the bark of the sb m and branches of 
J^Titiscufi, a tree growing in the islands of the Grecian Archijielago, especially 
m Chios. It forms small round transparent gniins, having a faint agreeable odour, 
which becomes very distinct when the resin is thrown on red-hot, coals. If sofieiis 
when masticated, and is said to stn iigth the gums. It is als'z used in fumigations, aud 
Ju the composition of varnishes. Specific gravity =« 1-074. Awording to Sc li rotter, 
its composition is C^IP^O’. 

Aqueous alcohol dissolves the greater fiart of the resin, leaving rnasticin un- 
di.s.solved. The more soluble portion, which, according to Johnston, has the comrszsi- 
tion is precipitated from its solution by chlorine as a viscid imisH. When 

heated for some time to 146® in the dry state, it is said to be n^solvcd into two other 
resins, one containing a larger, the other a smaller projzortion of oxygen. 

SCASTZO OSMBSTT. A building cement composed of finely-ground oolitic 

3 i2 


8o8 


masticin-maynas resin. 


limestone mixed with sand and litharge, and made into a loosely coherent paste *iti 

]jnsecd-oil. (See Cements 1.820.) 

•*' rr»l ft/ll 


III ^mr Rccordluff to Johnston, Tho constitu&nt of jnsstic rfisio 

iaaleobol, amounting to A- § of the whole. It is white, 
which IS the least .. . u„i [,r prolonged drying and fusion becomes trims- 

IKATICOT. A bitter .substance of unknown composition obtained from the leaves 
of^r^”ico (/h>cr aspirifolium), a plant groWing in Peru. The leaves, winch have 
ot tiie inancu y astringent tast^ are noted in Peru for their medicinal 

a .strongly aromatic , p'te When boiled with water, they yicM 

properties, and .„ volatile oil, while the matiein dissolves 

r.rh": 

bv iweriidtatioif with acetate of lead. The matiein then remains dissolved jn the 
water and may be olitainctl, by evaporation to a syrup, solution in alcohol, and ev,ipo- 
r; t on " the alcoholic .solution, as a yellow brown extractive mat er, having a dis- 
Itee" ble odour and extremely bitter taste. It is soluble in alcohol and in water, ni- 
sXblo in ether. The aqueous solution is not ^ “Stj m 

forms a yellow precipitate with potash, and with ammonia. (Hodgi s, Ihil. Mag, [ ] 
XXV. 204 ; Mem Chein. Soc. i. 123.) 

MATXCO, Oil. OP. To obtain this oil, the leaves of ftprr «.spcr<M«« are dis- 
til” ".water and the oil which slowly sinks to the bottom of the milky d.stiUate 
eoliretcd Tale green, thickish . has a strong and persistent oilour, and a ja rsist™ 
cnrohorims taste l!y keeping, it becomes thicker and u t.mately erys alln.e v 
nitric acid, it is coloured amber-yellow and resimsed. It dissolves in oil of ^tr ' . 
forming a earmine-eoloiired liquid which becomes milky on addition ot water. It ■ 
solve" readily in alcohol and ether, not in aqueous potash or ammonia. (Hodges. 

MATILOCXXTXS. Oxychloride of lead, Pb’CPO, found at Matlock in Derbyshin 

^'’waTOlCAUXA CHAMOMI1X.A. Wild chamomile.— The flowers of tlii.s 

plant distilled with water, yield a volatile'oil of a dark blue tmlour, “ 

with a stiong o,lour of chamomile, and an aromatic burning taste. It fluid 

but thickens when cooled below (P. 30.1.) 

MATRICARIA FARTHBWIWM. f'Vccrfrw. -This plant, while in the lloa.r- 

ing state, yields by distillation with water a .7. v'"''\''';^'Tlo'-;Tnd2" 

b.'tweeii m>° and 22(1'’, the largest portion, however, distilling betwe, n 20.) aml2- . 
The nil consists of a hydrocarbon <-oiitaiiiing about 86 per cent, carbon and 1 1 hy'l'''^ "• 
a r.m 'lTr having the same com,a.sition as that of the lauraceie, but I-O""--"!? 
rotatoly power (^c CampHOK, i. 729), and an oxygenated oil containing , 

than camphor, (l)essaignes and Chaiita rd, J. Pharm. xia: 26I.-C haul ar.t, 
Compt. rt iul. xxxvii. 160.) 

UKAITXlaXTS* with Labradoiute (p. 450). 

ntiLYia’Afi RBSXXOr. Calaha or Gatha of the Antille.s (Lewy, Ann. Ch. Phys. [ 1 
X. ”o). A resin extract.'d by incision from Cahphf/llum Cn/uAu,. lacq., “ 
on the plains of San Martino and of the Oronoeo. It |v>sses»es the usual “ 

raeters of resins, but when purified by solution in alcohol, it crystallisesin s™7' "{T, 

{^rjelC"* Icco^S toTffiaye!fhey r ^liniyxTbto^ tte com- 

: Poo « 139° 36' ; »P<» • a : b : c 1*769 . 1 . 1 34/. 

'""ClTsi'n iVtlTe toiers of an acid, dissolving readily, even at common 
tempemtures, in potash, soda, and ammonia. It is insoluble in water very ^luble 
afehl, ether, anh oils both fixed and volatile. Specific ^vity » 1 It “ 7 ” 
about 1050 to a transparent glass, and when once melted, remains liquid for a loi^^g 
nW no7soirdi?ying tifl cooled* to about 90°. By dry distillation rt ytelds e«py«n- 
niatic oils, and leaves a carbonaceous residue. It rot. tains, ‘T'TXces 

of Lewy’a analyses. 67 52 per cent, carlmn and 7 30 hydrogen, whence Lewy d 
the forniula C‘'H'*0' (calc. 67'2 C, 7-2 H, and 26 6 O). . . , 

The resin dissolves in cold acetic acid, also msu/phurtc^d, fonning a ® 

fine red colour, from which it is precipitated by water in ••»®X«birn.WA 
strondy acted upon by faming mtrtc aetd, yielding a non-^stdlisable . 

With ordinary mW acid it forms a volatile acid exhibiting T T-* 

^d- the solution yields, by concentration, crystals of oxalic acid, as weU as a liqn 


meadow saffron— MECONIC acid. 86^ 

M the nature of which has not been determined. The resin heated with a mixture 
chrofitatc of potassium and sulphuric acid, gives oflf carbonic anhydride and 
formic acid. Chlorine and bromine act upon it, but without yielding defluLte products. 
SAPr»OWr. G^'atiola officinalis (ii. 94*2). 

M*AI>0W-SW1I1!T. See Spibxx. 

.M8CB&01C ACID. A crystalline acid produced, togotlier with a chlorinated 
n bv the action of chlorine on lueconin. It contains 4S-72 per cent, carbon, 4-07 
j j ' en no chlorine; crystallises in fine prismatic iieedle.s ; is soluble m potash, 
sparingly’soluble in cold, easily in boiling water. 

MBCOBAMXC ACXB. Sec Mkconic .a.oii>, A.Mn)K.s of. 

MBCOBXC ACID. C'H'O' 1 0». MohnsUiirr. Opiumsaurr.~-T\m acid, 

which is one of the. constituents of opium, was di.scovered l.y Se rt li rn er in 1805 
Mblb Ann Iv 72; Ivii. ISd ; Ixiv. G5), Imt the more exact investigation of it has Won 
chiefly by Rohiquet (Ann Ch. j’hys. v. 'iS'’; li. 230; hn. r.'ii), nn.l Liel.ig 
/.\nn Ch Pnarm. vii. -17 ; xxvi. lid, H7). 

The best method of preiuiriiij; it i.« llnit of Kobi.inel, 

(Ann. Ch. Phnrm. xxiv. 13). Opium i.s exInniKt.d with wnl.-i- at ,W ; the extnut, » 
L-ulraliaed with coars.dy poumliKl marbh', evapnial. d to a .«yrup, and mixed » ilh a i on- 
eeutnited solution of ehloride of ealcium, wh.'rel.y the nieconate ot ealeinin is " 

1 , lately separated in proportion as the liquids are more eoneentrate.l ; and the pr.ii- 
iit'ite is bashed with Wat,. r and pre».sed. [The n.o.he,-l,quors,.rv,.s I'';' .I-’; ''' ' 

if inorphine.l--l pt. of the preeipitated ni. eonate ot eah-ium is now suspend, d in 
mibire of 3 pts. oommereial hydn.ehlorie arid and itl pis. boi iiiK water; the in, xtiiie 
is kept at a teiiperature short of lim“. and fr.-qnently sl.ak,.n, t ' '’’7;^,' ', ,) 
and the acid nnwonate of ealeinn, whn-l, separates on eoolniK ,s eoll,-, t, d ^ . 

with a small quantity of water, atiil .vdissolv, d atter pn .ssiire. in ‘I 
hvdrochloric Jcid and 20 pts. of hot water, avoiding ehullition 1 lieli-i nd t in n ) n I Is, 
I:idmg eT;bals ofniecoiile arid nearly free from lim,., while the -ao' .-I-.-. -• 

mpieiTce of the excos.s of hydro, 'hlorie aeid, eontains .s.-an'elv any i„ ,,i. . id. I c 
still eolo.,r<.<l erystids, after beitig waslie.l and pres.se, „r.. .''‘"""''‘j'' ' f 

w,.,t,.r; the liquid is straim'd llnoupl, li.,.„ ; and the f,ltrat,. ,.s n„xed '’’I' ' ' f 

,he^igi„aW.«ath.ty.dhydr,ah.or, 

lii'd widi cirWinate of potassium, and l,.>at,.d to Kill® will. "il'''.;!",'’,' rii'md'l 

.(..antityjust suffieient to.lissolv,. them ; the solnl.on, wl,n.|, .-‘‘I'''''', . i 

pressed (the liqui.l which runs ofl' yi..|ds in.iuire meeon,,. aenl 

if hydrochlorl rn’i,!! ; the ..xp.-e.ss.-d mass, winch .s not ye q,.,t.. w , is “ 

in thi smallest possible quantity of boiling water; the sobd mass 
is again prc.ssrsl ; an,i this tr,.«l„.ea. is repeal, s t,l a p,m,. 

laistly, this pure miconal,. of potass.um ,s .hssohed ii, 1 > o - p . . . 

acid .i ecouati. of iiotassium wl,i..|, separates o„ e.s.hng .s ,„,x,., .a, ' ' " ' " 

quantity of cold water, pres.s,.,!, and re.lisso veil ,n 10 I-ls. o m' 

mix,.,! with 2 or 3 pts. of hydroel.loric ; and " 1 

which form on cooling arc waslu*<l w’ifli c(dd water, ain^ UtTior expreshed from 

the smallest possible quantity of bmhng «_at,.r. ,e mo „ | | 

the ,s,tassiun. salt .still yields a quant, tyof iinp,,,-.. meeon e i • 

hydm-ohloric acid. Paper-fib, .rs [probably on ac-onut ol the ,ro,. ,onl.„„. d in| 

‘"irow"(Zn heats the ,. rude arid fr.m f-m lime wdth 

twice its weight of water, till the whole .lissolves on pi "ti're tbm 

solution on cooling solidifies in a erystalline n,.,ss, w i , • y K,,,.,ilest tswsiblo 

the black n.otber-liq«or, and recrystall.s..d two or ■">- 

on addition of cxcchs ot hyaivanJOrK aim, i 

cold water, an.l rexp stallised with ammonia 



iu wator and alcohol^ less eaail} in Utur, 
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MECONIC ^ACTD. 


Meconic acid is resolved, under varisus circumstances, into carbonic anhydride and 
coraenic acid : 

Q7JJ40’ = CO* + 

Meconic Comcnic 

acid. acid. 


the latter frequently undergoing further transformation ; 1. When dry meconic acid 

is hcatnd to about 120°, carbonic anhydride is given off and comenic acid remains 
beliind * at higlier temperatures, the comenic acid is further resolved, partly into car- 
Inmic anhydride and pyromeconic acid, partly into water, acetic acid, empy- 

reurnatic oil, and charcoal.— 2. When meconic acid is boiled with wat>r, or with 
hudrochloric acid, a brown colouring matter being also produced in the former case.-— 
3 '. By the action of chlorine or bromine, in presence of water, the products being carbonic 
anhydride and chloro- or bromo-comenic acid.— 4. By boiling with excess of ami^onia, 
the comenic acid being then converted into comenamic acid. — 5. By heating with 
iodide of eihijl, whereby carbonic anhydride is given off, and ethyl-comenic acid 

produced. . r. 

Meconic acid is easily oxidised by nitric acid, yielding a large quantity of oxalic 
acid.— By boiling with strong caustic also, it yields oxalic acid, together with 

carbonic anhydride and a brown substanc<*.— By chloride or bromide of iodine, it is 
converted into iodomecone, [? impure iodoform; see p. 312.] 

The aqueous solution of meconic acid is coloured deep red hy ferric chloride, the 
colour not being destroyed by boiling, or by the action of dilute acids. 

M ec on a tes.— Meconic acid is tribasie, and forms three series of salts: 


Arid. 

monoiuctnl'lic. dinu*i;illic. 

C’lr'MO' 


Norm.il or 
trimctallic. 


CniM^Ob 


Tlie dimctallic meconates are neutral to vegt'table colours. 

Mecon ates of A in mon in m. — The tri-ammonic salt i.s unknown. Tiie di-ammonic 
CM !“( Nil* y-'Ob crystallises in slender needles. On passing chlorine through its 
solution, the niono-amnionic salt, CM1"(NII‘)0M1'^0, separates in granular crystals, 
sfiaringly soluble in cold water. 

Meconates of Barium.~^T\\o dibarytic salt is .sjiaringly soluble in water. 
fMiloride of barium forms, with solutions of the alkaline meconates, white flakes soluble 
in acetic acid. Atjucous meconic Jicid forms with baryta* water a bulky yellow ju’c- 
cipitate, probably consisting of triharytic miconate. 

Meconates of Calcium. moruK-alcic salt, (’ Ml"Ca '0'b2ll-0, is precipitated 
by chloride of calcium from aqueous imeonic acid, and from tht> solutions of acid, aiid 
even ot neutral meconates. — The diralcic salt. n .lI-O.is ftbtnined as a yello\s 

gelatmous precipitate, on adding chloride of calcium to the solulion of a meconate 
saturate*! with ammonia.. 

Mecouate.s of Capper.^Tho. monocupric salt is obtained as a yudlowish-gn'cn 
pnripitate on a.dding meconic acid to a solution of cupric ac*‘tate. By dry distillation 
it yitdils a largo quantity of pyromeconic acid. Meconate of potas-sium forms an 
emerald-green preeipitate with cupric acetate. 

Meconates of Iron, — a. T\\c ferrous salt is very .soluble, eohmrles.s, turns r«d on 
exposure to the air, and more quickly when mixed with eitric acid. 

j3. Ferric salt. Soluble meconates added to ferric .Balts produc*', for the most part, 
a deep blood-red liquid, witliout pi-ecipitation, even wlfhft the solutions are eoneentmted ; 
but wlnui mmtral ferric sulphate is treated with meednate of ammonium, a cinnabar- 
coloured pulverulent precipitate is formed after a while, which is sparingly soluble in 
cold water and in alcohol, easily in b<nling water and in dilute acids. On mixing its 
aqueous solution with potash, ferric oxide is precipitated, ammonia is given off, and the 
red colour disapiiears ; if hydrocliloric acid be then added, sufficient to saturate the 
alkali, the rod colour reappears, but is again destroyed by excess of acid. The red pre- 
cipitate, if pre viously dried in the air at ordinary temperature.*?, undergoes no alteration 
at 100°. Sten h on se found in five samples of it, dried at 100° frim 30-4 to 31 1 p«T 
cent, carlion. 21 to 2-5 hydrogen, 3 4 to 3 5 nitrogen, and 22 6 to 2l-3 ferric oxide. 
On mixing solutions of meconic acid and ferric chloride in anhydrmis ether, red-l»rown 
flocks very soluble in cold water are precipitated. Stenhou.se fouml in tlm-e prepa- 
ratioTiS (at 100°) Iriim 2r)-3 to 25-9 per cent, carbon, 17 to 19 liydrogen, and 30*3 to 
31*2 ferric oxide. 

Meconates of 7/ ^-The neutral salt, C*^H*Pb*0'*.2H*0, is produced by precipi- 
tating neutral acetate of lead with meconic acid, even in excess; it forms white 
flocks, i Insoluble even in boiling water. 


MECONIC ACID, AMIDES OF^MECONIN. S61 

Biisic salts, containing from 68'4 to 78*4 per cent, lead-oxide, are obtained by pr**- 
ripitating basic acetate of load with alkaline meconatcs. 

J^agnesium- salts, — The dimagmsie salt is sparingly, the mononingnesic salt 
easily soluble in water ; the latter crystallises in shining, transparent, flattened needles, 
having an acid and bitter taste. 

Meconatcs of 3fcrc wry.- Both the inereurQUs and men-nric salt are pale yellow 
flocculent precipitates, insoluVile in water, soluble in nitric acid. 

Meconatcs of Potassi u m.—The arid salts arc crystallisable, the ventral salt 
uncrystallisable. 

Meconatcs of fo' r.— Atunams tneconicacid forms with nitrate of silver a white 
precipitate of the di-argrntic salt, (7H’'*Ag'0’, wliieh, by prolong' d boiling with waU'r, 
is converted into the tri'argeviir salt, t^HAg't)'. The latter is also lormed, as a 
yelUAv precipitate, on mixing a solution of m«‘Coni«' acid. t‘xaetly saturated with anuno- 
nia (the di-ammonic .salt) with nitrate of silver. 

Ml CO nates of Sod inm. -Tha ntonosodir salt flirms hard grains, but slightly 
soluble in water. — Tiie disodir sail, obtained l>y digesting meeonate of barium with 
aqueous sulphate of sodium, crystallises in shmder needles, soluble in f) pts. ol water, 
and containing a large quantity of water of crystalli.sation. Tin* tnstnhr salt is crys- 
tallisable, very soluble in water, and elfl(.reseent. 

Meconatcs of 7’/w.— The stunnons salt is a white pn'cipit ate, very soluble in 
excess of the stannous solution. The stannic salt is also a whit<> precipitatt', sparingly 
soluble in acetic, easily in nitric acid. 

Meeonate o/ Sparingly soluble in water; yttrium-salts, however, give 
no precipitate with meconic aci<l. i i- i i 

MECOMXO ACXB, AMIDES OP. Bv acting on ef hyl-meconie aeid and diet lyl- 
meconic acid with ammonia, How has obtaimsl two acids, which may be regarde.l aa 
niono-amnionic im'conate min as water, viz. ; 


Mcconamic acid 
Mecono-dianiidic at^iid 


rni'Ntv* - niXNH')(V - H'O 


NcitluT <,i- thes,. acids has, hcwccr. tsvn ..htain-d ir> tl.c .■.•vstallinc l.wrn aii.l I heir 
fc.nimlic are somewhat douhtfal. T,. the fnrm.-r Jt..w assipied Ihe sninawhat im|.ro- 
hable formula G''U"N’ 0 ”; the formula ahovo givni was prois.s.d l.y (Jerhar.lt. 
('J'raite, ii. ISO.) i i r *i 

MBCOKZC ETHERS. Meconic acid, Isung tnbasic, should form three ethers 
eoiitainiiig ethyl or oth.T al.'.,liol-r..<liel.S. Ouly Ih.- Iw.. ..ei.l .•lhyl-m..-ouales are, 

is ..hlaiimi! hy passing .Iry hy.lro.l.lorie 
aei.l gas Uirmigh a solution .if m.■.•.mi<' aei.l in uhs.ilnle aleoh.il, t] 1 the Inpini .■mitji 
fum. s. It then, if left at. r. -st, .le|K.sits tin- . thylated aei.l in maall.-slmpci crystals, 
vhieh mav he nuritieil hy rei rystallisatioii fn.m hot wat. r. , , , . , ■ 

Tlie aehl forL small ne.ai.s very soluhle in lioiling water, so a hie in ellier am m 
alc-ohol of onliiiary strength, l. ss soluble in absolute alcohol. I lie .Tystals .m auliy- 
(Irons melt at IftS®, and sublime in brilliant rhombs. 

EtViyl-meconic acid is dibasic, forming two senes of very stable salts, viz. nrnfrnl 
c'iTm"(CTI>) 0 >, ami u.W .w.//s, (PH'M(C’Il')O’. They .ryslalhse readily. 

(How, A""- C^t- I’harm^ 1x7, i, i„ ,„e mother-liipior from 

r"' 

IT lorms imiM iivAi 1 ' . nuuilv in aletjhol Its aiiueous so utiion ha« a 

.•■4... an,.. h, 

“tS” S'iT'l’ToLie, .he formula of i.s salts 

— '""‘■t ;rr:ri.;‘pS — ,m"i^,.:’:;:;':.:::h:."^:h:^ 'f 

IheS ** Tim LJum-m/t Is a y.-llow s-mi-g.dalii.ou» preeipilale. insoluble Is, .hug 
the acid^, Tim tantm ‘ y^^^ium. The stem/.,-/.,- ami e«/.v-.«.- 

water, but J J i,„-jum-salt The magnesium-salt is a crystalline pri'cipitate, i In* 
mlU resemhle fh,, Uad-inlt is a yellowish-white pneipitate. 

M>co»n. OM 


MECONIN. 


^2 

It is ptoduced from narcotine, together with teropiammone, cotarnine, opianic acid, 
and hemipinic acid, by the action of warm dilute nitric acid (Anderson, Ed. Phil. 
Trans, xx. 347 ; xxi. 204), and from opianic acid by the action of caustic alkalis, or of 
nascent hydrogen, evolved either by the action of sodium-amalgam on water, or of zinc 
on dilute sulphuric acid. (Matthiessen and Foster, Chem. Soc. J. xvi. 349.) 

o. Action of alkalis : 

Opianic acid. Meconin. Hemipinic acid. 

0 . Action of nascent hydrogen ; 

+ H’O. 

Opianic acid. Meconin. 

Vreparation, a. From Opium. — 1. Finely cut Smyrna opium is exhausted with 
cold water ; the filtrate is evaporated to 8^ Bm., and the morphine and narcotino are 
precipitat(;d by dilute ammonia. The filtrate evaporated to a syrup, and then left for 
several weeks in a cool place, deposits brown crystals, which must be pressed and then 
dried at a gentle heat. The brown crystalline mass contains meconin, meconat(*8, and 
other substiinces. It is exhausted with boiling alcohol of 36°, and the extracts are 
concentrated to one-third by distilling off the alcohol ; the liquid then on cooling 
<leposits crystals, which are purified by recrystallisation from boiling water, with addi- 
tion of animal charcoal, then from hot ether. The mother-liquor from which the 
crystals have separated, yields an additional quantity of meconin by concentration. 
(Couerbe.) 

2. The aqueous extract of opium is precipitated by chloride of calcium ; the precipi- 
ta.ted meconateof calcium is filtered; the filtrate evaporated to the crysbillising point, 
and separated from the; deposited hydrochlorate of morphine ; and the dark mother-liquor 
is diluted with water, filtered from the flocks which separate, and treated with ammonia, 
which pretapitates narcotine, tbebaine, and a large quantity of resin. The filtrate is 
mixed with acetate of lead ; th(‘ excess of lead is removed from the filtered liquid by 
dilute sulphuric acid ; and the filtrate is neutralised with amnionia, and evaporated to 
tln^ crystallising point at a moderate heat, whereupon narceine separates out, and then 
sal-ammoniac by further concentration. The mother-liquor is repeatedly digested with 
4 vol. ether at 26°, and the ether is distilled off from the extracts, a brown syrup then 
ivmaining. On treating this syrup with dilute hydrochloric acid, papaverine dissolves, 
and'meconin remains in the form of a dark grey crystalline powder, which, to free it 
from resin and purify it completely, must be several times crystallised from boiling 
water, with addition of animal charcoal. (Anderson.) 

h. From Narcotine . — Narcotine is heat«‘d in the water-bath to 49° with 2’8 pts. of 
nitric acid of specific gravity T4, and 8 pts. water, whereupon it melts into a yellowish 
mass, dissolves slowly without evolution of gas, if constantly stirred, and then 
gradually deposits crystalline teropiammone. The liquid is filtered through asbestos ; 
the filtrate saturated with jx)tash-ley; the solution again filtered from precipitated 
cotarnim^ and concentraU^l to a small bulk ; crystJillised nitre is removed, and the 
mother-liquor freed fioni carbonate of potassium by precipitation with alcohol ; the 
alcohol is distilled off ; and the cooled residue treated with hydrochloric acid, which pre- 
cipitates opianic acid, hemipinic acid, and meconin. If this precipitate be dissolved in 
a large quantity of boiling water, meconin crystallises out on cooling (mixed with a 
little opianic acid, if the quantity of water added was insufficient), and may be purified 
by recrystallisation from water or alcohol. (Anderson.) 

c. From Opianic acid. — 1. By the action of strong caustic pota.sh. This mode of 
preparation is described under Hkmipinic Acid (p. 142).-^2. By the action of nascent 
hpdrogen. Sodium-amalgam is warmed for several ihours in an aqueous solution of 
opianic acid ; and the meconin is precipitated from t^.solution by hydrochloric acid. 
The formation of tbe meconin in this case is not due to the action of the caustic soda 
formed from the sodium -amalgam : for it takes pbu’e in a dilute solution, and at a 
temperature very much below that at which opianic acid is decomposed under the 
influence of alkali ; the quantity of meconin formed is also considerably gr« ater than 
that which is produced under the latter circumstances, 5 gnus, opianic acid decom- 
posed by sotlium-amnlgam having yielded 3 65 grms. of pure meconin, whereas, 
according to the first of the two equations above given, it should, when decomposed by 
alkalis, yield only 2 3 grms. meconin. Moreover, opianic acid is similarly converted into 
meconin by the action of zinc and dilute sulphuric acid. (Matthiessen and Foster.) 

Properties. — Meconin crystallises in hexagonal pri.sms with dihedral summits. It 
is perfectly colourless ; has no smell ; and appears tasteless at first, but exhibits a very 
acrid taste as it dissolves in the mouth. 

It melts at 90° (Couerbe) ; between 98° and 99° (M. and F.) to a colourless liquid, 
which retains its fluidity till cooled to 75°. At a higher temperature, it boils and distils 
Without alteration, solidifying to a fatty mass on cooling. 

A hydrate of meconin was once obtained by Anderson, in decomposing meconin 
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With nitric acid : it resembled the anhydrous compound, but was lighter, and did not 
melt below 96 ^^. 

Meconin dissolves in ‘2657 pts. of cold, and 18-5i pts. of boiling ; in alookol 
and eiktr it is still mon? soluble. It is dissolved % the Ji.vrd alkalis^ but is nearly 
insoluble in ammonia. When heated to 100® with aqueous ammonia^ it yields a solu- 
tion which may be evaporated over sulphuric acid at ordinary temperatures, but ftx>m 
which meconin it precipitated on addition of water (Matthiessen and Foster). — Its 
aqueous solution precipitates hmic act tatc of had, but not the neutral acetate, 

Meconin dissolves without alteration in diltdc sulphuric acid, forming a colourless 
solution which becomes dark green when evaporated: if alcohol be then added, the 
liquid acquires a ros(f colour ; but as the alcohol evaporates, the green tint returns. 
The green solution deposits brown tlocks when mixed with water (Couerbe), With 
Stroup sidphuric acid, meconin forms a colourhss .H)lution which becomes purple when 
betted, and browm on <ul(litit)n of water, depositing at the same time a brown priH'ipi- 
tate, which dissolves with rose colour in alkalis. JSitric arid, either dilute or coucen- 
trated, converts meconin into niti^meconin, with evolutit)n of rial vajMjurs. With 
peroxide of h od and dilute sidphuric acid, it giv<>s off carbonic anhydride, and forms an 
amorphous substance which remains dis.solved. 

With chlttriut, meconin forms chlorumeconin (Anderson). According to Couerlxs 
chlorine acts but slightly on meconin at common temperatupes, but is rapidly absorbed 
by melting meconin, forming a red and then a dark brown niass, which melts at a 
higher ternpemture than meconin, and forms on ct»oling a crystalline mass containing 
inechloic acid (p. H59), meconin-resin. and h per cent, chlorine. Meconin is not 
altered by iadiuc, but when treated with chloride of iodine, it forms iodomeconin. With 
bromine-UHiti r, it forms bromoiiu'Conin. 

Meconin dissolves without alt«>rat ion in cohi AVroc/z/or/c acid ; but when heated 
with three tinu'S its weight of strong hydrochlorit: Jicid to 100 ’ in a si'aled tube, it^ is 
decomposed, with formation of an aci<l containing (’’'IPO', and s«'paration of chloride 
of nu'thyl, which (piickly volatihscs when the tube is opmusi ; 4 IlCl «• 

C''1P0‘ 4 ClPCl (Matthi('H('n and Foster, unpuhlished experiments). A similar 
decomiH>sition is pro<luc<'d by hydriodic acid. From the.se results Matthiessen and 
Foster conclude that meconin is a methylated componml ; and although the priipor- 
(ion of methyl contained in it has not been <‘Xperimentally determined, they infer, 
from the analogy of other derivatives of narcotine {q. v) that its rational formula iH 

((J^lPO)"" / Q,. say, that it is the dimethyla(e«l derivativt' of a compound, 

((dP)'-* J 

I ()»^ not yet isolated, w'hich may bo called n o r m a 1 inecon i n. 

Suhstit ution Deri luifi ves <f Mt mai in . 

Bromomeoonin. When bromine-water is gradually added to aqueous 

meconin, crystals of bnmiomeconin separate out, and may be purilhsl by r(‘crysfalhHa. 
tion from boiling alcohol. It forms colourle.ss needles, wha-h melt at 10/ ^ and Ijehavo 
in other respects like chloromeeonin. It dissolves sparingly in water, more readily ni 
alcohol and (th<>''. (Anderson, Ann. Oh. Fharni. xcviii. IH.) 

Cbloromeconln. C'''II’'C10h Wljen chlorine-gas is passisl into a col<l saturafeil 



•old, somewhat more freely in hialing wa/fer ; in 
aii<l witliout deeomposition. It is solublo 


"it <lis«olvs in .liia stjphuric aciil, luirnnK-H a urccnmli-Uuo <«lmir wlian 

an<l on aubw-quent a.l.lition of wat. r, .lepoaitH brown II.h').- wh.ol. .liaaolvO 
vith red colour in alkalis. It disHolv.s willi r.-.l oolour in mtrrc^ “‘‘‘1 *“ 

)os«h 1 whon lieatwl thwwith. (Anderson, Ann. Cb. I Iwrin xcviii. 17.) 


peratures. It di.'f.sulves sjiariiigly in 
alkalis to about the same amount a.s in water, 

”1 alcohol anti in ether. 

It dissolvc‘8 in eold sidphuric acid, assumes a^ 
thei 
with 

^^TA^Atneconln. Wlien cldoride of iodine is added to aqueous meconin* 

and the mixture left to itself for several <lays in a warm place, long crystals form in it» 
^omlndnal^!! bv^^f^^^^^ Tiny are 'purified by recrysUdlisation from lading 

alcohol. 


“'Tlmeconin forms ™l«nrle«. needle.,, which melt 
It is nearly 

temneratare above 100 to f, ^ .iark-eoloe.r«I boni, 

, diromis^scd by nitric acid, with .reparation of iodine. (A 


temperature 
volatilisation of iodine, 
when heated ; an<l is < 

“‘'itoomeconto. C'^U'-SO' - C'«U*(NO=)0'. -Meconin dissolves abundantly in 
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cold concentrated nitric acid, the solution giving off red fumes when heated. On 
diluting with water, bulky crystals separate, which may be obtained pure by washing 
and recrystallisation from boiling alcohol. 

Nitromeconin forms white needles and prisms, melting at 160® to a transparent 
liquid, which solidities in the crystalline form on cooling. It is neutral, dissolves 
sparingly in cold, somewhat more freely in boiling teaser; it is insoluble in hydrochloric 
add, but dissolves in cold strong nitric add, separating in flocks when the solution is 
diluted. In cold ammonia and potash, it is not more soluble than in water. It is not 
precipitated by metallic salts. It dissolves in boiling alcohol and ether. 

Heated in small quantities on platinum-foil, it volatilises almost without decompo- 
sition, leaving only a small quantity of charcoal ; but, if heated in a test-tube, it 
decomposes suddenly, and leaves a large quantity of porous charcoal. Boiled with 
ammonia ov potash, it forms, without decomposition, a yellow solution which does not 
deposit anything on cooling or on addition of acids. • 

MBCOXmnni. A substance occurring in the intestinal canal of the foetus, and 
voided soon after birth : it consists, in fact, ^f the bile of the foetus, which is gradually 

f cured into the intestines, and has there undergone a certain amount of alteration.- 
t is a pitchy substance, of a dark brown -yellow colour, and the consistence of honey. 
Its odour is for the most part faint, and only occasionally unpleasant ; taste mawkish, 
and slightly sweet. It stains linen permanently yellow. In water it swells up to a 
bulky mass, in which the microscope shows epithelium-cells, small round bodies 
probably consisting of decolorised blood-corpuscb^s, and a considerable number of 
rhombic tiiblets of cholesterin. According to Simon, dried nie(.*oniuni contains 16 pts. 
cholesterin, 10-4 extractive matter and bile-resin, 34 casein, 6 picromel, 4 bilivcuvlin, 
26 cells, mucus, and perhaps albumin ( = 96-4). The cholesterin is extracted by ether, 
the extractive matter and bile-resin by alcohol. Aqueous alcohol takes \ip the casein 
together with picromel; the biliverdin maybe dissolved out l»y alcohol acidulated with 
sulphuric acid. 

According to John Davy, meconium contains 72-? pts. of water, 23 6 mucus and 
epithelium-cells, 7 0 cholesterin and margarin, and 3-0 olein and biliary colouring 
matters. 

When burnt, it leaves an ash consisting chiefly of ferric oxide and magnesia, with 
traces of calcic phosphate and sodic chloride. According to Payen, it contains common 
salt, alkaline carbonate and calcic phosphate. (Handw. d. Chem. v, 143.) 

MSDICAOO 8ATZVA. Lncern . — The composition of the ash of this plant, as 
determined by Way and Ogston, is given under Fodder (ii. 680). 

IMEBBZCXBXXIR, OZZi OF. This oil, obtained b}' expression from the seeds of 
Jatropha Curcas^ is white, scentless, has a density of O Ol at 19®, and solidifies to a 
buttery mass at — 8®. It is nearly insoluble in alcohol, has a sweet taste, and alters but 
very little on exposure to the air. It is not easily saponified by potash, but soda 
easily converts it into a hard white soap, containing oleic and isocetic acids. Nitric 
acid converts the oil into suberic acid : peruitric oxide does not solidify it completely. 
When heated with amTuonia, in a sealed tube, it is converted into isocetamide. 

MEBJZBZTZS. Calcio-uranic sulphate, occurring near Adrianople. (See Sul- 
phates.) 

ACSBITZiXiZC ACZB. — A fatty acid produce<l, together with oleic and 

jialmitic acids, by the saponification of beef-marrow. It forms 10 per cent, of the 
acid mixture thus obtaiiKMl. Melting point 72-5°. (Eylert s. Arch. Pharm. [2] civ. 129.) 

MB1>trXiZ.Zl(r. A name applied by Braconnot to cellulose obtained from the pith 
or medulla of certain planta. 

MBBRSCBAUUK. {Se.a-fonm : from its apparent li^tness and whitish colour.) 

A hydrated silicate of magnesium, 2Mg0.3Si0-'.2HT'). ortMg'-'8i*0\2fr*’0, occurring in 
stratified earthy or alluvial dej) 08 its on the plains of Eskihi-sher, in Asia Minor; also 
in Greece, at Ilrnbschitz in Moravia, and in Morocco. It is compact, smooth to the 
touch, and of fine eart hy texture. Hardness -2 to 2*5 : inipre.ssiblc by the nail. It is 
opaipie and white, sometimes with a greyish, yellowish, or reddish tinge. When 
heated in a tube, it gives off water, blackens, and emits a burnt smell. Before the 
blowpipe on charcoal it burns wliito, and melts on the thinnest edges. It dissolves 
readily in borax to a transpjirent gbiss, and exhibits a lilac colour with colxvlt-s >liition. 
Hydrochloric acid dissolves it. witli separation of silica. 

Analys^es , — 1. isbyLyohnell (Kongl. Vet ensk. Acad. Fdrhandlingar, 1826, p. 176); 

2. By I)amour(Ann. Cli. Phys. [3] vii. 316): 

StO‘ MgO 11*0 A1*0’ C.iO Sand 

1. Asia Minor 60 87 27 80 1P29 0*09 = 100-(to 

t. Morocco . 55 00 28 00 10*35 1*40 1*20 1 01 0 52 1*50 == 98 98 


MEILER— MELAM. 


»68 


The formula above given requires 6^*9 silica, 26 1 magnesia, and 12 0 water. In 
these Jinalyses, the mineral was first dried over sulpliurio acid to expel hygroscopic 
w'Hter (of which, being porous, it contains a considemble quantity), and the combined 
water was then driven off by heat. The mineral is often mixed with more or less 
carljonate of magnesium, by the decomposition of which it appears to have been 
produced. (J. L. Smith, Sill. Am. J. [2] vii. 286.) 

XUSZXiBK. The German name for the heaps or stacks of timl)**r pih d up for burn- 
ing into charcoal. (See Carbon, i. 760.) 

BZXr. A body obtained by Reinsch from Athamanta Mcuuk The root, after 
istion with hot water, is treated with alcohol ot 70 per cent. ; the alcohol is 


exhaustion 


removed by distillation, and subsi^quent spontaneous evaporation; and the residue is 
digested \nth ether, which extracts the mei’u. On evaporating the ether, the mein 
ri'maiiis as a thick, yellow, inodorous, comhu.stible oil, liaviiig a Inirniiig taste, and not 
volatile without decomposition. {Hundu'orterbuvh.) 

MSOABIIOMXTIS. A variety of chlorobromide of silver frfirn Cliile, crystalliseHl 
ntaining Ag**llr’‘Cl*, or 4AgCI.«^AgHr. (See Silver.) 


small 


in cubes and octahedi*on8 containing 

XlfSxOlirXTS. A calcio-alumiuic silicate from Somina, where it occurs in 
dimetric crystals, in geodes, usually in limestone blocks. Ratio of tlie principal to the 
secondary axes - 1 ; 0-439. Angle P ; P in tlie terminal eclges - 136° 11': in the 
lateral edges = 63° 40' ; these angles are nearly tin* sane' as those of seapolite ('/• ^)- 
Observed combination ooPoo . ccP. P . c«P3 . V:c . 3I>3 oP Sonietuiies hem died ra 
in the planes 3P3, tlie alternate ones being wanting. Cleavagi' parallel to o-l » and 
00 P, rather iierfeet, but often iiiterrujited. 

Hardness = 5-.^ to 6. Specific gravity 2-5 to 271. Lustre vitreous Co hmrless to 
white. Transparent to translucent; oftmi cracked within. Ji.tore the blowpipe it 
TiK'lts to a colourless glass ; forms also a cl(>ar glass with Mxla. According O y. Hath, 
the mineral when pure, dissolves oomph-tely In moderately strong hydiochlonc acid ; 

lutioii, tlie silica separates 111 the |iiilvenileiit form. 


but on heating or evaporating the solution 


out on lU-JH IIIU, '.M . . . , *1 • 11 • 1 

Awordine to h. (iinolin .iiid Kobell, it piliitims-s with hydrocMoi if mckI. 

Analv^n: a. L. (Jn.olin (Sohw. J. xxv. Hf. ; xxxy 315) -A. St roin ..yor ( 
snchunam p 378), —c. Wolff (/>e com post tnme h'kchtr<pfti>, ^apolithi it 

.7 T7 ♦ L / Alin IxYvii 


( Untrr- 
jonitiHf 


J)iss('rt(itio, licrolini, 1H43). — d. Hath (Pogg. Ann. Ixxxii. 2H8). 


SiO* 
}3-.S() 
1(ro3 
12-07 
1 2*i-)5 


3 2 -80 
32 73 
31 71 
30*89 


0-11 


FtO 

(*aO MgO 

Nh^O* 

K^O 

hy 

iKoiOon. 

1-07 

20-64 . . 

2*57 


. . K 

0 18 

24 24 . . 

1-81 


. m 


22-43 . . 

O-lf) 

0-31 

0-31 


21-41 083 

1-26 

0-93 

0-19 » 

• 

With kOiiM* lithia. 





100 93 
99-19 
97*28 
98-H> 


TI„..o anoIyKCH Ivad to ,l„. for.nola t 'Cf 

wliicli.eiilMtiUiliiiRiil .= 1 Al, may l>o roiluwd to an orthoHilicoU-, K Sit) . (l)aiia, . 

— Jiarnruil-shey'ij ^ Afincrolchemii , p. / 1 4.) 

MSXeACOlVXTB. Native cupric oxide, found at ('opper ITarhonr, Kewenaw 
]*oint, Lake Superior (ii. 68). 

MBIiAnV. This mimo i« Riven hy Bizio to the hla.-k suhalanee whieh in de,«,sil«l, 
touether with the carlKmatea of ealeinm and inaRnesin.n wlien the dm.! r-anhie of tho 
Ho-caUed ink of cuttle fish ia atirred np with wafer. It la eontaiimd in a peculiar 
Madder which the animals eject on the ai-proaeli of l.ln ir cnernn a to ri nder tlm water 
omione It may be obtained pun; liy la.ihiiR the al,ov(;-meiilione.| reaidiie with water, 
then with alcohol, huilly with hyilrochlorie acid, and waalniiR with water containmK 
a little carbonate of ammoiiinin. It ia inaaluhle in water, alcohol, and ether l.iit 
Jomaina auapeiided in water for a lonR time. It diaaolvea in atnii.R nitric and aulplmne 
ttcida, not iir lydroehloric or acetic aeiil. Stning eaiiatie ,a.laah di.aaolvr, if forming a 

dark brown liquid, which ia precipitatid by aiilMninc and liydna hlnnc nrida^ It is 

not disaolved by alkaline carlamates. These ciiaraetera are very similar to those of 
the black pigment of the eye. (Handw, d, Chem. v, ICO.) 

VlVJMXaCA. txaCOnWanOK. The tree whieh yields cajepnt-oil 

prviiH* or C*?!*!!*? (I.iebiir, Ann. Ch. I’harm. x. 10 ; liii. 240. 
xx^ 242-Vft,ckh Fork. Ann. Ixi. 367 : Ixiii. OO.-Oerh. i. 464 V- 
K napp, . . residue when sulphocyHiiatc of ammonium ih heab-d. Thw 


^ melamine -MELANHYDRITE, 

<r fhfln aulohide of carbon in considerable quantity, and sulphide of 

ammTn”um.lnd leaving a ivsidue which Liebi^^^^^ On boiling this^ 

ducT^th moderately stW potash-ley. tiU the greater part is delved, and leaving 
fhe fuSwd Uquid to cool, mS^ is deposited in the form of a white gr^ular jmwder 
InsSofsulphocyanato of ammonium, Liebig Bnds it preferable to heat a >»«tur<t <>f 
^rnTparts sal-ammoniac and sulphoeyanate of potomm, stimng constonUy till no 
more vapours of sulphoeyanate of ammonium are evolved, and sal-ammoniac to 

^blime.^The nuiss is then exhausted with cold water, and the residue is dried and 

®™tlckTprep8ros melnm by heating sulphoeyanate of ammonium in a retort exhaust- 
ing the reLue with cold water, and then with boiling water The first deletions 
de^sit a bulky mutter; the last, on cooling, yield melam in the form of a white 

*^Wtelam is a white granular powder insoluble in cold water, also in alcohol and ill 
ether It yields by analysis the following numbers : 

Liebig. Vtilokel. 

• Carbon 

Hydrogen 3-94 . 

Nitrogen ’ 

100 ’00 

Liebig deduces from his own analysis the formula (calc. 30 63 carbon and 3-8 

hydrogen); according to which, melam may be regarded as hexcyanopentamido, 

compound of2at.tricyanimide with 3 at .ammonia 2Cy*N. 3 IPN. 

Gerhardbon the other hand, prefers the formula eN«IP which epos better with 
Vdlckel’s analysis (calc. 28-57 carbon. 4-76 hydrogen, and 66 07), and represenU 

melam as isomeric or polymeric withmelamine or cy anuro-t ri am ide, 

By prolonged boiling with caustic alkalis, melam is converted into melamine, wliich 
sepaVates on evaporation or as the liquid cools. The motherd.quor contains amrnelm^ 
wlueh may be precipitated by acids, together with ammelido ; and the latter, by the 
eoiitinued action of the alkali, is ultimately resolved into ammonia and cyanuric acid. 
These changes may be represented by the following equations; 

2C»NTP0 


4-77 

6 6-H6 

imvoF 


(1, a.) . 

CN^IP 

Metam. 

+ 

2H^O 

or (1, h.) 

Melam. 

+ 

ir^o 

(2.) . . 

C*N^H'0 

Ammeline. 

+ 

H*0 

(3.) . . 

C*Nm«0* 

Ammelide. 




Ain incline. 

C’NTPO 

Ammeline. 

Aintneliile. 

(’yaiiuric 

acid. 


NIP 

NIP 

NIP 

NIP 


If Gerhardt’s formula of im lam be admitted, the formation of melamine is a case of 
mere polymeric transformation : according to Liebig’s formula, on the other hand the 
melMmine is produced by assumption of ammonia eliminated in the formation of the 
other products above mentioned : 

C’N'GP + NH’ = 2C^H“H* 

MeUm. Melainjne. 

Mi'lam is rcBolwd by k at into ammonia and mnUono _pr liydromclloim (perhaps tli^; 

2NH’ + C“N*IP). When boiled with dilirte hydrochloric or sulphuric acid, 
or when treated with nitric acid, it yields ammeline ; ^h wncentrated sulphunc acid, 
the same together with ammelide. By boiling with strong nitric acid, it is conve^ into 
evanurie acid ; and by fusion with hydrate of potassium, it forms cyanate of potessium 
^ According to VdlcLl, melam absorbs hydrochloric acid gas, forming the compound 
C’N»HM1C1. • 

Mpx^MXSrs. G'N'H*.— Syn. with Cyanuramide (ii. 287). 

MBlUkMPTKXW or MBX.AMPT*lTa. Syn. with Dulcitb (ii. 348). 

MB&A 1 V A8PBA3bT. A kind of bituminous coal found in Nova Scotia. 

MBX.ASrCBX.OB. A blackish-gi*een phosphate of iron from Rabenstein, contain- 
ing in 100 pts. 38-9 per cent, ferric and 3*87 ferrous oxide, besides manganous o^jde 
and 9 to 10 per cent, water. (F uClis, J. pr. Chem. xvii. 171.) 

MBl^ASrOBABCB. Native sulphide of silver. (See Silver.) 

MBXUUVBTBBZTB. A mineral found in the greywacke formed from decom* 
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posod basalt in the Schmelzerthal, near Honnef on the Rhine, It is deposited in the 
rik in amorphons nodular particles, of conchoidal fracture ; opaque, with vcWot-black, 
sometimes brownish-black colour, and blackish -brown streak ; small lumps a<lh©re to 
the tongue; it does not fall to pieces in water. Specific gravity - 1-820. Rammels- 
berg found in it : 

SiO* A1*0^ Ft*0 MnO MgO CaO Vt*0 

41*63 18*72 2 36 7*83 2-51 6 23 1*67 30*71 » 100*66; 

whence the formula 3M"0.2R»0».6Si0*.r2H^0. showing that the mineral is related in 
composition to palagonite. (Krantz, Jahresb. 1859, p. /96.) 

MSliAirZC ACXB. (Piria, Ann. Ch. Phys. [2] Ixix. 281.)— A black 

substance produced, together with acetate of potassium, bv the oxidation of wilicylido 
of potassium. This compound, when exposed in a slightly moist state to the air, 
bJeomes covered with spots, which are gn^en at first, but ultimately hwomo quite 
black. This change does not take place in an atmosphere free from oxygen ; but if the 
experiment be made under a bell-jar filled with oxygen, the whole of that gas is 
gradually absorbed, and no other gas is evolved. 

The reaction may be represented by the following equation ; 


2C»H“KO* -h 

Salicylide of 
potaitlum. 


0 > + 211^0 


C'WO* 

Melanie 

acid. 


2C«H*K0*. 

Acetate of 
potamium. 


Whfin the transfbrmation is complete, a carlwnsceoiis mass remains, from which 
water extracts acetate of potassium, while melame acul remains umhssolved mthe form 
of a powder rssembling lamp-black. It is tasteless, in^luble m water very .u.lub e 
in alcohol, ether, and alkaline liquids, and pr.'cipitated from the latter by acids. It 

decomposes alkaline carbonates. i a i i 

Melaiiic acid gives by analysis 56'26 and .M S6 per cent, carbon, and 4 01 hydrogen, 
the formula C'"H"0* requires 69'69 carbon, S 84 hydrogen, and ,88 47 oxygen. 

A black substance having nearly the same composition is obtained by the action of 

is obtained by digesting melanic acid with 
Melanate of nlver is a l.laek pri-cipitate eontaining 27'27 per cent, carlion, 196 
hydrogen, and 48*00 silver. 

MBZiAJrZXinrB. See Animkb, Derivativrs op, nnd<ir PmmYr.AMiNRS. 
MBBAWnr. The black pigment of the eye (ii. 615). 

2 ICBX.ABZTB. A black calcio-ferric garnet (ii. 772), found chiefly near Albano 
and Frascati, in the neighbourhofal of Rome. 

llKaz.AKOCABBZMZD8. C'UP'N’O.— A substance probably formed by tile 
decomposition of melanoximide {q. v.). 

MBBABOCBZW. A doubtful product, formed, according to Brandes and 
Leber (Arch. Pharm. xv. 269), together with several others, by the action of ammoniii 

A b.-. a...... .1 i«.i. “ 

Beresof in the Ural (i. 934). 

MBBAVOGABZiZC ACZB* Syn. with Mktaoai.mc Acid. 

MBXaAVOZiZTB. A mineral having the aspect of chlerito, from Milk R^^ 
Quarry near CharlesUiwn, Ma8sm!huHetts. It is black and opaque, ''"jj j ^ 2 

r'€ wr,:N; 

ferric o^de 21%7 ferrous oxide, 1 -62 soda, and 8-94 water, with 
12-77 carbonate of calcium = So Wo”) u'o'HiO^ 3 U«()“ blitThe 

(Mimra/eiJnie, p. S39) observes that it is near llisingorite. 

praiw AwnxiKZBa. C'*U'‘NH)>. -A product of the decomposition of cyano- 
melaniline. (See Mrlaniune. under I'hkwtlsiiii.ii«.) 

A w ee w »* «■». Native ferrous sulphate. (See SurPHiTBS.) 
mxJUnniBiriO AOXB. See CrancnaMic ACins (ii. 287). 
wCTT nwxmi B The name given by Von Bueh to a porphyritm rock, 
of”Sr“ish-grov -tnx of labrador n^UTa^t^. 

t rr“'h:X‘s.rJctn. of a,mona..tone, with 
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mherical and almond-shaped nodules of calcspar, zeolites, &c. Mehphyre occurs in 
the Alps, especially in the Fassa valley, and near Klausen, in the Tyrol ; also in the 
Lower Rhine, on the Ficbtelgebirge ; at Friedrisebrode, in the Tbiinnger Wald; and 
at Holmestrand, in South Norway. 

mCB]LA8SZC ACZD. A black acid, produced, together with glucie acid (ii. 848), 
by heating glucose with caustic alkalis. When glucose is melted at 100°, and a hot 
saturated solution of baryta is added, a very violent action takes place, giving rise in 
the first instance to the formation of glucic acid ; but if the mixture be exposed for 
some time to a high temperature, it becomes continually darker in colour, in conse- 
quence of the formation of melassic acid. On dissolving the residue in water and 
pecipitating by hydrochloric acid, melassic acid is deposited in black flocks insoluble 
in water, but f^Iuble in alcohol. It contains, accoi^ing to Peligot’s analysis, 619 
to 61-0 per cent, carbon, and &3 to o’4 hydrogen. The formula ^quiriu^r 

61-9 carbon, 4*3 hydrogen, and 33-8 oxygen, agrees with these results so far as the 
carbon is concerned ; but the amount of hydrogen found by experiment is too largo 
for it. ® 

MBZ.B»rB. Paraffin of Wax. (Ettling, Ann. Ch. Pharm. ii. 252 — 

Lewy, Ann. Ch. Phys. [3] v. 395.— Brodie, Ann. Ch. Pharm. Ixxi. 156.)— A sub- 
stance homologous with ethylene, &c., produced by the dry distillation of hydrate of 
myricyl and of myricin. It may be prepared by subjecting bees’-wax to diy distillit ion, 
treating the product with potash, to saponify the fatty acid formed at the same time ’ 
decanting the soap from the mixture of melene and oily hydrocarbons ; and distilling 
this mixture, which then gives off, first, the oily hydrocarbons, and, lastly, tlie melon.* 
when the heat is considerably increased. The product is purified by pressure and ro- 
crystallisation from boiling ether. It is generally necessary, however, before crystal- 
lising it, to rectify it over caustic potash, in order to remove a small quantity of an 
oxygenated substance with which it is still contaminated. 

Melene crystallises in perfectly white nacreous scales, inodorous and tasteless of 
specific gravity 0-89. It melta at 62*^ (Brodie), at 33-6^ (Ettling), at 47*8° (Lewy) 
and solidifies in a waxy mass on cooling. Boils between 370^^ and 380°. Vapour- 
dimsity, by three experiments, between 10*0 and 1P8: the determinations were, how- 
ever, rendered inaccurate by partial decomposition. It is insoluble in water and in 
cold alcohol, but dissolves in boiling alcohol, and easily in ether, and in oils both fixed 
and volatile. 

Melene is not attacked by potash or soda, even at the boiling heat. Sulphuric avid 
does not attack it at ordinary temperatures ; but on applying heat, part of the m.'lene 
is carbonised, while the rest sublimes. It is but slightly attacked by boiling nitric acid 
Chlorine attacks it, producing, under certain circumstances, a body containing a consi- 
derable amount of chlorine. 

Belated to melene are the several mineral tallows, distinguished as fichtclite hartitc 
hatchrtin, ixoli/te, koenlite, ozokerite, scheererite, ’ 

MBZ.WB, 8yZiPBZX>B OF. This name was applied by Vdlckel to a sulphu- 
rette<l residue obtained, together with others (called respectively sulphide of (Uphnu 
.rnuthene, xuthnu, &c.), by the action of heat on per.sulphocyanic acid. These residue.8 
ar<‘ yellow or brown powders varying in composition according to the degree of heat 
applied, and are probably moi-e mixtures. (See Gmelin’s Handbook, ix 394.) 

MBZiBTZir. This name is given by W. Stein (J. pr. Chem. Ixxxv. 351) to the 
substance produced, together with glucose, by the action of acids on rutin. This sub- 
stance, according to mast authorities, is identical wTth quercetin, ; but, 

according to Stein, it ditfers from quercetin, and the composition C^H'^0®. It 
forms yellow crystals which act on polarised light, aijd. reduce potassio-cupric tartrate. 
(See Qcebcbtin and Rutin.) 

MBBZSr. See Rutin. 

MBZiZXarOPRAirB. A mineral from the zircon-syenite of Norway, nearly relat^ed 
to leucophane. The crystals are optically uniaxial, but it has not been determined 
whether they are dimeti ic or hexagonal. It also occurs massive, with a scaly and 
sometimes foliated structure-; cleavable in one direction. Hardness -6. S^ific 
gravitv =»3-0. Lustre vitreous. Colour, sulphur-, citron-, or honey-yellow.^Not 
phosphorescent. Brittle. ' 1 1 contains, according to an approximate analysis by Richter 
44-8 per cent, silica, 2 2 glncina, 12 4 alumina, 1*4 manganic oxide, 1-1 ferric oxide 
31-5 lime, 0-2 magnesia, 2 6 soda, 2-3 fluorine, and 0-3 nickel-oxide, zirconia ceric 
oxide, and yttria. * 

MBBB8ZT08B. A kind of sugar discovered in the manna of Brian- 

^n (p. 822) by Bor.a.stre, and fhrther investigated by Berthelot (Ann. Ch. Phys. 

[3] Iv. 282). The extract of this substance prepared with boiling alcohol deposiui 
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melizitose after being evaporated to a syrop, and left to stand for several weeks; the 
product may be purified by recrystallisation from boiling alooliol. 

Melezitose forms very small, short, hard, shining crystals, resembling those of cane> 
sugar under the microscope, white and mealy when seen in mass ; it emoresces readily 
when exposed to the air, and gives off 4 per cent, of water when heated ; melts below 
140® without further alteration, and solidifies to a glass on cooling. It is about us 
sweet as glucose. Dextro-rotatory ; for the transition-tint, [o] «. 941® for C**H**0“. 

It dissolves readily in water, and is precipitated by an ammoniacal solution of neutral 
acetate of lead. It is nearly insoluble in cold, slightly soluble in boiling alcohol^ quite 
insoluble in ether. Absolute alcohol precipitates it from the aqm*ou8 solution. 

Melezitose decomposes at about 200®. It is carlMinistKl by cold strong sulphuric acid, 
quickly turns brown with boiling hydrochl^>ric acid, and forms oxalic acid with nitric 
acid. By an hour’s boiling with dUute sulphuric acid, it is converted into glucose. In 
cofttact with yeast, it piisses slowly, or sometimes not at Jill, into vinous fermentation. 
It is not altered at 100® by aqueous alkalis, and scarcely by potassio-cnpric tar- 
trate. 

MBXiZXiOT-CAMPBOll. CouMauiN (ii. 93). 

MSBZirirM. Syn. with Cadmium. 

MEXiZSSAy OZB 07. A volatile oil contained in balm {AfcHssa officinalis), 
most abundantly at the flowering time, and obtained from it by distillation with water. 
It i.s colourless or pale-yellow ; of specific gravity 0-85 to 0*82 ; hjis a peculiar odour; 
reddens litmus slightly. Accoixling to Bizio (Brugn. (iiorn. xix. 3G0), it contains a 
camphor in solution. It dissolves in 6 to 6 pts. of alcoltol of spc'cific gmvity 0'866. 
it dissolves iodine, with great rise of temperature and evolution of vapour, and becomes 
viscid. With nitric acid, it turns brown, gives off a birge quantity of gjis wh«*n 
heated, and becomes resinous. (Zeller, Stud, uher iillur, OcU\, Landau, 1860.) 

MBXiZSSZC ACZB. 0. — (Brod ie, Ann. Ch. Pharm. 

Ixxi. 156.)~A fatty acid obtained by treating hydnito of myricyl (melissic alcohol) 
with j)ottish-lime. It bears consideralde insemblanco to cerotic jicid (i. 830), l>ut in<|Jts 
at a higher temperature, viz. jit 88® or 89®. According to Brodie’s jinulysis, it contains 
7919 to 79-97 p<T cent, carbon, and 13-00 to 13-f>3 hydrogen (calc. 79 (51 carbon, 13*27 
bydrog(*n, and 7-()9 oxygen). The silver salt, C=*®il»''AgO^ is a white precipitate con- 
tjiining 19-30tol9 74 percent, silver (calc. 19‘30), 

nXBZiZSSZB. Syn. with Melissic Alcohol, or Hydhate of Myuicyu (See 
Myuicyl. 

]lf22XiZT08B« — A kind of sugar obtaimd from the manna which 

falls in opaque drops from various species of Eucalyptus growing in Tasmania. It was 
tirst recognised as a distinct substance by Johnston (Morn. Chem. Soc. i. 169), more 
fully examined by Berthelot (Ann. Ch. Phys. [3j xlvi. QQ.^Chwiie orynniqur, 
Par. I860, ii. 260). It is extracted from the manna by water, and crystallisfrs in 
extremely thin interlaced needles, having a slightly HJiccharine last**. 

The crystals of melitosc are hydrattnl, (wntuining C'■'lF•'0*^3H-0. They give off 
2 at. wuU'T at 100°, and become anhydrous at 130®. They dissolve in 9 pts. of cold 
water, very easily in boiling water, and dissolv** also in boiling alcohol more freely 
than manniU*. The alcoholic solution yields small l»nt wcJl-dcvrloped crystali^. J’h« 
aqueous solution turns the plane of |x>larisation to the right : for the transition-tint 
[o] ^ S' lt>2®. 

Melitose heated with dilute sidphuric acid is resolved into a fermentable sugar 
(probably dextro-glucose), and non-fermentahle eucalyn (ii. 601); 

+ H*0 = C"H'»0* + CMr-'CP 

Melituse. Glucc>*e. Kucalyii. , 

Melitose ferments in contact with yeast, but it is resolved, in the first instance, into 
glucose and eucalyn: conswjuently, since the latter is unfermeiitahle, the qiuintitiejj of 
alcohol and carbonic anhydride obtained from it are only half of thow^ which would 
bo yielded by an equal quantity of glucose. It d(s s not reduce an alkaline vuprtc 
solution, and is not altered by boiling with dilute alkalis or with haryta-waier. It is 
oxidised by nitric acid, yielding a certain quantity of mucic acid, together with a 
large quantity of oxalic acid. 

KBUAMZC ACZB. Syn. with Eucheoic acid (ii. 601). 

MBZiZiAir. Syn. with Mellons. 

KBBUEC ACZB. Syn. with Mbllitic Actd. 

B ri lTiTi TT-T *F*B» — -HuTnlMjldtilite, SomerwUite* Zurlite . — A silicate occurring oil 
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Vesuvius and at Capo di Bove, near Rome, in dimetric crystals, in which the prin- 
cipal is to the secondary axes as 0*6432 : 1. Observed combination oP mp" 
ooPoo , Poo . ooP2. Angle oP ; Poo «= 147° 16'; Poo : Poo (over caoPoo ) « 66° 3o'- 
Poo; Poo (over terminal edge) * 134° 48'. Cleavage basal, distinct. HardnpJ 
« 5. Specific gravity « 2*9 to 3*104. The crystals are brown or yellow, with vitreous 
lustre, generally translucent, sometimes opaque. Fracture conchoi’dal to uneven. Bo- 
fore the blowpipe it fuses with difficulty to a yellowish or black glass. Gives, with 
fluxes, the reactions of iron and silica. Gelatinises with acids. 

Analyses.— a. Hwnboldtilite, from Somma, byKobell (Schw. J. Ixiv. 293).— h. The 
mnie by D amour (Ann. Ch. Pbys. [3] x. 59). c, d, MeMilite, from Cape di Ihro, 
by Damour (/oe. cit.). 


a. 

SIO* 

43*96 

Al*03 

11-20 


FeO 

2-32 

CaO 

31-96 

MkO 

6-10 

Na'O 

4-28 

K*0 

0-38 - 

100-29 

b. 

40-60 

10-88 

4-43 


31-81 

4*54 

4-43 

0*36 = 

98-05 

c. 

39-27 

6-42 

10*17 


32*47 

6*44 

1*95 

1-46 = 

98-18 

d. 

38-34 

8-61 

10-02 

. 

3205 

6-71 

2*12 

1-51 ;= 

99-36 


Those analyses may be approximately represented by the formula 6(2CaO.SiO*’) 
+ 2(A120»; Fe*0»).3Si02, which is that’ of an orthosilicate, the calcium being partly 
replaced by magnesium, sodium, and potassium. 

Massive Gchlenite, which contiins, according to Kobe 11 (Kastn. Arch., iv. 313), 
39*80 per cent, silica, 12*80 alumina, 2*67 ferric oxide, 37*64 lime, 4*64 magnesia, 0*30 
potash, and 2*00 water, may be included in the same general formula. 

SomervUlite^ occurring on Vesuvius in dull yellow crystals, has the angles of this 
species. (Doscloizeaux.) 

MlSZiUMZDS. Syn. with MianiTiMiDK. 

MBUZTAMZC ACXB. See Mkllitic Acid, Amidks of. 

MBZiZiZTlI, or Honeystone . — Native mellitate of aluminium (p. 871). 

MBB&ZTZMZBB. See Mbllitic acid. Amides of. 

MBBBZTZC ACZB* ^ j 0“. Mdlicndd. McUithsiiHre. Ihmiy- 

steinsdure. (Gm. x. 1.— Gerh. iii. 822.— Bayer, Ann. Ch. Pharm. Suppl. vi. 1.) - 
This acid, which was discovered by Klaproth in 1799, occurs as mellitate of aluminium, 
in honeystone or mellite, which is the only known source of it. There is a statement 
by Ilunofeld (Schw. J., xlix. 216), that it may be produced by treating amber with 
hot hydrochloric acid ; but it has not been confirm^. 

To prepare it, powdered honeystone is triiated with solution of carbonate of ainnui- 
nium, the liquid is boiled till the excess of the ammonium-salt is expelled ; caust ic 
ammonia is added to precipitate any alumina that may have been dissolved ; the liipiid 
is filtered and evaporated till neutral mellitate of ammonium crystallises out ; and this 
salt is purified by recrystallisation from water, a small quantity of ammonia being 
each time added, to reconvert the acid salt produced by evaporation of the ammonia 
into the crystallisable neutral salt. Tlio purified ammoniacal salt is finally dissolved 
in water ; the solution precipitated with acetate of lead or nitrate of silver ; the washed 
precipitate decomposed by sulphydric acid if it contains lead, or by hydrochloric acid 
if it contains silver ; and the liquid filtered and evaporated, whereby the excess of 
hydrochloric acid is expelled. (Wohler, Ann. Ch. Pharm. xxxvii. 263.) 

The lead-precipitate contains ammonia, which is tisinsferred to the separated acid. 
Either, therefore, the acid must be re-precipitated .With acetate of lead ; the precipitate, 
which still contains a small quantity of ammonia,l«ashed and a^in d^omposed with 
sulphydric acid ; and the acid thus liberated preci|)itated a third time with hydrochloric 
acid, in order to obtain a precipitate free from ammonia, and thence to separate the pure 
acid’by sulphydric acid ; — or the ammonium-salt must be boiled with excess of baryta- 
Water ; the resulting barium-salt decomposed by digeetion with dilute sulphuric acid ; 
the liquid filtered and evaporated till it crystallises ; and the crystals freed from 
wlhering sulphuric acid by recrystallisation. (Erdmann and Marchand.) 

To prepare colourless mellitic acid from the brown acid mother-liquor obtained in the 
preparation of mellitate of ammonium, the colouring matter may be precipitated by 
chloride of barium ; the mellitate of bariym thrown down ^m the filtrate by am- 
monia, or by boiling with acetate of ammonium, and converted into mellitate of ammo- 
nium by digestion with carbonate of ammonium orthe brown mother-liquor may be 
precipitated by a strong solution of sulphate of copper, and the crystallised mellitate 
of copper decomposed by sulphydrate of ammonium.— In precipitating the purified 
ammonium-salt by nitrate of silver, it is necessary to drop the former into an ex- 


I of the latter ; otherwise J 


ite will retain ammonia. (Schwarz.) 
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MelUtic acid, as obtained by eTaporation, is a white powder exhibiUng nmmlj 


^ _ dily in toater and in edcohoL It is fusible by heat, tastes strongly 

acid, and is permanent in the air. (Wohler.) 

The crystallised acid does not give off water at 100®, but at a higher temperature it 
sublimes portly unaltered : the «eater portion is however decomposed, with separation 
of char^l. Acwrding to Erdmann (J. pr. Chom. lii. 432), the sublimate obtained 
by heating mellitic acid consists ofpyromolliticacid, C*®H*0*, which melts in the 
neck of the retort, and solidifies in a radiated crystalline mass. Mellitic acid, when 
heated in the air, burns with a bright sooty flame, leaving a large quantity of <diar- 
coal, which afterwards burns completely away. It is not decomposed by boiling nitric 
or sulphuric acid, but the latter dissolves it. 

Mellitates. — Mellitic acid, formerly regarded as a dibasic acid has re- 

cently been shown by Bayer to be sexbasie. The mellitates are decomposed by heat, 
yielding a large quantity of charcoal, and a small quantity of products containing 
nydrogen. When slowly distilled with sulphuric acid, they yield pyromellitic acij 
together with carbonic oxide, carbonic anhydride, and, towards the end, sulphurous 
anhydride. 

The mellitates of ammonium, potassium, and sodium dissolve readily in water. The 
zinc- and manganosc-salts dissolve more readily in cold than in hot water. The rest 
are insoluble or sparingly soluble in water. 

Mellitate of Aluminium, A1'‘0^C‘^0^18H^0 - C‘’KAl*)’K)‘^18H*0.~Thw 
compound occurs native as rnellite or houey»tone, in lignite, at Asten in Thuringia, near 
Ililin in Bohemia, and near Walchau in Moravia, i)oth crystallised and in inassiva 
nodules. The crysUils are dimetric, exhibiting the combination P . oop . oP . P, &o., 
the P-faces usually predominating. Length 6f principal axis = 0*7463, Anglo P : P 
(terminal) = 11 8"' 4'; P ; ooP (lateral) = 03® 22 ; P : ooP » 120° 68'. Cleava^ im- 
perfect, parallel to P. Hardness = 2 to 2 6. Sptx*ific gravity 1*66 to 1*042. Lustro 
resinous, inclining to vitreous. Colour houey-ycUuw, sometiinos rt‘ddish or brownish; 
rarely white. Streak white. Tninspareut to translucent, and with strong double 
refrjiction. Fracture concho’idal. Scctile. 

The crystals contain 14*5 per cent, alumina and 44 1 per cent, water of crystalli- 
sation, which is driven ofi’ at a temperature near the boiling-point ol sulphuric acid. 
Caustic alkalis decompose them, setting the alumina free. They are dissolved by 
nitric acid, and separate from the soluticu without change of form or constitution. 

Native honeystone contains a small quantity of a yellow resin, to which it owes its 
colour, and probably also its odour. ... 

Mellitate of poUuwium, added to a solution of alum, forms a crystalline precipitate 
containing 9*6 per cent, alumina and 48’0 per coat. waU^r; probably an acid salt. 
(Wohler.) 

Mellitates of Ammonium. — The neutral salt, C**(NH^PO**,9ir^O, forms large 
shining transparent crystals, having a slight acid reaction. They exhibit two for^, 
probably with different amounts of water, both belonging to the triraotric system, but 
differing con sidei ably in the angles. 

The crystals a are derived from an ocUihedron whose axes are to one another m 

v' 3*290 : -v/ 7*881 ; 1. Observed combination oP. ooP. qoPqo .Pqo .P«®* Anglo 

qP : Poo =161° 8'; oP : P oo = lG0® 24'; ooP : ooP= 144° 16'; ooP : ooPgo »122°6. 
The faces ooPoo are longitudinally striated. No clwivage piinillel to oP. 

The crystals /8 are derived from an ocUihedron whose axes are to one another M 

a/ 2*676 * -y 7*923 : 1. Observed oornbination oP . P . ooP . ooPoo. Angle oP 

s 144° 44'; P : P = 146° 17' ; P : <»P = 126° 16' ; »P : ooP - 119° 41 '; ooP ; 
00 Poo =120° 9i'. Cleavage parallel to oP. 

The crystals give off 24*1 per cent, water (1 at.) at 100°, and at 160° decvmpositjon 
takes place, with evolution of large quantities of ammonia and water, and formation of 
paramide and euchroate of ammonium; 

C'*(NH*)‘'0'* = C**BL’N*0« + 3NH* 6II®0. 

MelHtate of FararoiUe. 

amnioniuro. 

C‘*(NH')*0'* = C'»H*(NH«)*N*0" + 2NH* + 4H»0. 

MelHtate of ammoiiiuno. Euchroate of animoDlum. ^ 

The acid salt, C**H<(NH*)*0'*.4H*0, is obtained by decomposing ammonio-cuprio 
mellitate with sulphydric a<rid. It crystallises in trimctric prisms, having their taterol 
edges truncated. Observed combination oP . ocp , ooPso . oopao , Anglo ooP : 
aDPsl22° 

Mellitate of Darium, C'*(Ba")*0'»,3H*0, obtainnl by double dooompoiilira, ia a 
whit* gelatinous precipiute, which after a while oyi^a^iicf in scales, or, if the solutu^ 
Vot.m. 3K 
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from which it was formed were very dilute, in needles. Mellitic acid added to chloride 
of barium forms, after a few seconds, a precipitate composed of needle-shaped 
ciystals. 

Mellitaie of Calcium is obtained on mixing mellitate of ammonium with chloride 
of calcium, as an amorpJious precipitate, which soon becomes crystalline. Mellitic 
acid added to lime-water throws down white flocks soluble in hydrochloric acid. 

Mellitate of Cohalt, C**(Co")®0'*.18H*0, crystallises from solution in boiling 
water in microscopic prisms. 

Mellitates of Copper. — The neutral salt, G‘^(Cu")’’0‘^.12H®0, is produced as an 
amorphous precipitate, becoming crystalline after a while, on mixing boiling solutions 
of mellitic acid and cupric acetate. On mixing cold solutions of mellitic acid and 
cupric acetate, there is deposited an acid salt, C'2H^(Cu'7‘‘0‘‘^.12H^O, which also 
becomes crystalline. On adding a solution of cupric sulphate to a salt of mellitate of 
ammonium, a crystalline precipitate is formed consisting of a7nmonio’CupriG mellitate, 
C'2(Nn')'^(Cu'70'‘M2H*'0. 

Mellitates of Iron. — ferric salt is a cream-coloured precipitate, soluble in 
hydrochloric acid. — Ferrous salts. Mellitate of ammonium forms with ferrous sulphate 
a greenish-white procipibito, which redissolvos when the liquid is warmed ; but on 
raising the temperature to the boiling point, a liasic salt, 3Fe"0.C‘‘'^(Fe")’’0''-'.9H''^0, is 
precipitated in microscopic cubo-octahedrons of a lemon-yellow colour; very sparingly 
soluble in water, easily soluble in hydrochloric aci<l; assuming an olive green colour 
when dry; and giving oif all their water of crystallisation at IQO*^. 

Mellitate of Lead. C''''(Pb")’0*‘ (at 180°). — Bulky white precipitate, soluble in 
nitric acid ; obtained by adding the acid or the ammonium-salt to acetate or nitrate 
of lead. 

Mellitate of Magnesium. C'=(Mg")30’M8IP0. — Precipitated on adding car- 
bonate of magnesium to a hot aqueous solution of mellitic acid, as an oil which solidifies 
to a crystalline mass on cooling. 

Mellitate of Manganese. C‘2(Mn")’'0‘2.18ll-0.— Obtaincnl in like manner. 
White powder, composed of microscopic mcdlos; more soluble in cold tlian in boiling 
water, which dissolves only of it. 

Mellitates of Mercury. — The mercuric salt, C'‘‘^(ng")^0’^6IP0 (at 100°), is 
obtained as a white granular mass by triturating mercuric oxide with mellitic acid 
and a small quantity of water, or by precipitating an alkaline mellitate with imTcuric 
nitrate. 

The 77iercurous salt, C>‘(ITg“)30'*.r)IP0 (at 100°), is also obtained by precipitation, 
as a white granular precipiUite, very soluble in nitric acid, becoming anhydrous? at 190°. 

Mellitate of C’“(NP)*0‘‘.24H-‘0. — When a hot solution of mellitic acid 

is saturated with carbonate of nickel, a green semi fluid mass s< [)arates, which hardens 
and becomes vitreous iu contact with the air. This salt is very slightly soluble in 
water, very freely in dilute hydrochloric and nitric acids. It gives off half its water 
(4 at.) at 100°, and the rest at 300°. 

Mellitates of Pall aditi^n.— MeWiue acid is perfectly neutralised by oxide of 
palladium ; but the liquid does not yield any crystals, even w hen concentrated to a 
syrup ; but on evaporation to dryness, it leaves a brown amorphous residue of palladious 
'/.,ellitatc. This salt dissolves in ammonia, forming a colourless liquid, whicli, on eva- 
poration, deposits colourless rhombic crystals, often macled in twos and threes, and 
containing 12NIl^C«'‘(Pd")=‘0'*.6H‘(). Ihe whole of^lio water is given off at 100°, 
together with a small quantity of ammonia. (K ar nxt od t, Ann. Ch. Plmrm. Ixxxi. 164.) 

Mellitate of Palladium and Potassium crystallise^ Jrom the mixture of the two salts 
evaporated to a syrup, in ncxlular groups of indistifict prisms. Mellitate of palladium 
and sydiuni crystallises in macled triangular pyramids containing 34 per cent, palla- 
dium. (Karmrodt.) 

Mellitates of Potassium.— The neutral salt, C'*K®0’^9H-0, forms efflorescent 
trimetric crystals, isomorphous with the neutral ammonium-salt o. Observed combi- 
nation oP . ooP . Gofoo . Poo . poo. Angle ooP : ooP = 114°; ooP : Poo = 161°; 
oP : Poo = 160°; ooP ; depoo = 123° nearly. 

Acid salt, — A hot solution of 1 at. of the neutral salt and 1 at. 

mellitic acid yields this salt on c<x)ling iu laige transparent right rhomboi'dal prisms, 
often truncated on the lateral and terminal edges. It is more soluble in water than 
the neutral salt. 

A compound of aad mellitate and nitrate of potassium, 4C'*H*K>0’*.3NK0*.9H*0, 
is formed by treating the preceding salt with nitric acid, or by mixing a concentrated 
solution of neutral potassic mellitate with nitric acid, as long as any precipitate is 
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Conned, and heating the liquid till the precipitate disappears. The double salt then 
Ciystallises in sijic-sidod trimetric prisms witli dihedrail summits, oxhihiling the combi- 
nation 00 • cdPco . Tco. It h.is jui acid taste, and is but slightly soluble in water. 

Another acid melHtato of ]X)tKssium (jx^rhaps is men- 

tioned by Erdmann and Marchand (J. pr. Chem. xHii. 129) as haring been ob- 
tained in the form of a crystalline powder on adding mellitic acid to a concentrated 
solution of the neutral salt. This powder rcdissolvtxl in water yielded largo nacreous 
crystals containing 20 63 per cent, carbon, ‘274 hydn>gen. and 3b-49 potash. 

Melli tates oj Sil ver . — The ar</etific salt, C''‘'Ag*'0'^ is obtained on adding mellitic 
acid or mollitate of animoninm to nitmto or acetate of silver, as a white, crystalline, 
shining, scaly powder, which the microscope shows to consist of transp<irent, colourless, 
square plates, usually having tlieir angles truncated. Wlion hoated, it defhigrates 
slightly, but without exhibiting any electric excitement, as the oxalate dofw under 
similar circumstances. Heated to 100° in a stream (»f liydrogen, it blackens and gives 
oflf w'ater, and the residue dissolvers in water, forming a dark-brown, Htrt)ngly acud 
liquid, which gradually depo.sits a mirror of mct.-dlic silver, leaving a solution of 
argentic mollitate in mellitic acid. The brown or black residue obtained by heating 
the argentic salt evidently contains argmious mdlifaic. When ai'gontic mollitate 
provionsly hoated to 280° is heated with* iodine, iodide of silver is formed, tugetlior 
with a white crystalline sublimate, strongly acid, and v«’ry soluble in water. 

Potassio-argcntic Mdlifa/fi, C'*K''Ag*(')‘'^, is deposited fiT)m a mixture of the com- 
]»nent salts containing nitric acid, in small, transparent rhombic prisms, in which the 
angle ooP ; V= 121° 30'; ocP ; coPoo -^119° 1 1'. 

These crystals, when lieatod, first give olf water and become oprupie, then swell up 
with a kind of explosion, and leave a residue of silver and potassic carbonate. 

Mcllitafe of Sodium, O'-Na^O'-, ery.staHises with two difTorent proportions of 
water. A hot concentrated solution depo.sits noodles containing 32 81 p('r cent (12 at.) 
water, the whole of which is given off at 180°. A solution saturated in the cola 
yields, by spontaneous cvapor.ition, largo striated triclinic crystals containing 38‘88 
per cent. (18 at.) water, which tlu^y give off at 100°. (birdmann and Marchand.) 

Mellitate of Strontium . — Wliite precipitate, soluble in hydrochloric acid, 
obtained by adding mellitic acid to st rout ia- water. 

Respecting the acids derived from mellitic Hci<l, sec Siippi.kmknt, pp. 809-814. 

XM[1SX:.X.XTXC ACXD, AMXBSS OP. (Wdhlor, Ann. Ch. IMiarm. xxxvii. 
208. — R. iSchwarz, ihid. Ixvi. 52.)-“Two of these compounds are obtaimsi by the 
dehydration of mellibito of aminonium, viz. mollitimide or paramido, which haa 
the composition of triamrnoiiic mcliitJit(^ minus 2 at. water: 

_ 61PO « C'’7PN»0« 

Acid uicllitafe MeJJUiinlde. 

of arninoiiium. 

and ouchroic acid, which is a mellitamic acid, derived from diammonic niolIiUito of 
ammonium by abstnvctioii of 4 at. water: 

c»*HXNJH)20'» - 4IPO « c^nvmp 

Diammotac Eucliroic acid, 

rnellitale. 

N» 

Mellitamido (C'^0*)’'.U*^N* and mellitamic acid (C’^f)*)’' are obtained, 

H* ^ 

accorfling to Limpricht and Scheibler, by the action of ammonia on neutral mollitato 
of ethyl. 

Paramide and euchna’c acid are obtaiiKsl by heat ing neutral mellitaU^ of ammonium 
to 150° 160° Jis long as ammonia continues t^) escape, and exhausting the residue with 
water. Paramido then remains undissolved, and the solution contains euyhroato of 


ammonium. 

Kuchroic acid has alreafly been described (ii. 601). 
Paramide or Mollitimide, ' >N’,jsawhit 


Paramide or M o 1 1 i t i ro i d e, ^ jg » whitx) amorphous powder, insoluble 

in water and in alcohol, but soluble in sulphuric acid, whence it is precipitat>o^l by water. 
When heated with water to 200° in a scaled tube, or Ixnlod for some time with water, 
Bxf-d alkalis, or ammonia, it is converted into acid mellitate of ammonium. By the 
action of alkalis restricted to a shorter time, it is transformed into ouchroic acid : 

c‘*n*N«o« + 2IPO = + nh». 

Paramide. Eurhroic 

acid. 

An aromoniacal solution of paramido, mixed with nitrate of silref, forms a 
gelaiinous precipitate, whose composition <at 160 °) agrees best with the formuU 

3 K 2 
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C*«H‘‘‘*Ag*(NH*Ag)*N‘‘: at 200® it gives off ammonia, and then contains a quantity of 
silver, corresponding nearly with the formula of argento-paramide, C‘*Ag*N>0*. 

Pa ramie acid.-— This name is given by Schwarz to a white crystalline precipitate 
obtained by dropping an ammoniacal solution of paramide into hydrochloric acid. It 
is sparingly soluble in boiling water^ and gives with zinc the reaction of euchro'ic acid. 
Its ammoniacal solution is converted by boiling into mellitcite of ammonium. Schwarz 
found in it (at 179®) 47 26 per cent, carbon, 2-16 hydrogen, and 13*76 nitrogen ; a result 
which may be approximately represented by the formula C**H*N*0^. 


BCBUZTZC AlTHTBRIBi;. C”0^0*. — This is probably the iwmposition of 
the white substance, insoluble in water and in alkalis, produced by heating chloride of 
mellityl with mellitic acid, and treating the product with water. 

MSXiZiZTZC BTBZOtS. Ethyl-mdlUio acid, C**H®(C*H*)*0>*, i« obtained^by 
boiling mellitic acid for a considerable time with alcohol and sulphuric acid. On 
saturating with baryta- water, leaving the liquid to stand for some days in order that tlie 
excess of baryta may be precipitated as carbonate, then filtering to separate sulphate, 
raellitate, and carbonate of barium, a solution of othyl-mellitjite of barium is obtained, 
which, when evaporated in a vjicuum over sulphuric acid, leaves the salt as an amorphous 
gummy mass, very soluble in water, and rotating on the surface of water like butyrate 
of barium. It is partly decomposed by drying at 100®. Its solution does not pre- 
cipitate other metallic salts. (Erdmann and Marchand, J. pr. Chem. xliii. 129.) 

Neutral Mellitate of Ethyl, C ■‘‘(C'"H^)®0**, is obtained, according to Limpricht and 
Scheibler (Lim'prkhfs Lehrh. d. org, Chemic, p. 1095), as a viscid liquid, by tlio 
action of iodide of ethyl on mellitate of silver. Kraut (.lahresb. 1863, p. 261) by the 
same reaction, obtained the nmtral mdlitates of methyl, ethyl, and a7uyl, \ho two former 



According to Lirapricht and Schoibler, mellitate of ethyl treated with aqueous 
ammonia immediately produces a crystalline precipitiito of in e 1 1 i t a m i d o, 
(C'’0")’‘11'*.N«, and the solution, when ovap)rated, yields mellitamato of ani- 


monium, (C'W)^* 

3NH< 


QS- 


MBIiBZTTXi, CBBOBZBB OP. (C*W)’'.Cl®. — Obhiined, togefber with hydro- 
chloric acid and oxychloride of phosphorus, by heating mellitic acid with pcnlachlorido 
of phosphorus. It is a crystalline non-volatile solid, which with water forms mellitic 
acid; with alcohols, mellitic ethers; and with mellitic acid, mellitic anhydride. (II. 
Muller, loc, cit.) 

MZSZiBOZrB. (Liebig, Ann. Ch. Phami. x. 4; xxx. 149; 1. 337 ; Ivii. 93; Iviii. 
227; Ixi. 262. — L. Gmelin, ibid. xv. 252. — Vdlckel, Pogg. Ann. Iviii. 161; 
Ixi. 376. — Gerhardt, Compt. Chim. 1846, p. 24, and 1850, p. 104; 'Vraitk., 
i. 473. — Laurent and Gerhardt, Ann. Ch. Phys. [3] xix. 86.) — A substance 
produced by the action of heat on various cyanogen-compounds ; e, g., pseudosulpho- 
cyanogen, melamine, melam, ammeline, ammelido, and chlorocyanamide. Liebig 
represents it by the formula C*N* or but according to the analyses of Vdlckel, 
and of Laurent and Gerhardt, the substance thus produced contains hydrogen 
(at least 1*5 per cent.), and may bo represented by the formula C*N®H*, the 3 at H 
being replaceable by metals. Gerhardt designated this hydrated compound (Liebig’s 
crude mellone) by the name hydromellone or hydromellonic acid, reserving 
the term mellone for tlie non-hydrogenous expound, which, according to Liebig, 
is produced by heating mellonide of mercury. 

Mellone or hydromellone, heated with potassium or with iodide, bromide, or sul- 
phocyanate of potassium, yields mellonide of potassium, which Liebig originally 
regarded as a compound of potassium with mellone, C*N^K or C*N*K* : Laurent and 
GOThardt, on the other hand, assigning to hydromellone the formula C*N®H*, supposed 
that mellonide of potassium is produ^ by the substitution of 2 at. K for H, making 
the compound C*N®HK*. Liebig, by later experiments (Ann. Ch. Pharm. xcv. 257), 
has come to the conclusion that his original formula of mellonide of potassiam was 
incorrect, and that tlie true formula of the neutral mellonide is 0*N'*M*. 

Preparation of HydromeUone or Crude Mellone . — Liebig prepared this compound 
chiefly by heating dl^ pseudosulphocyanogen to low redness, or by gently heating a 
mixture of sulphocyanate of potassium and diy chloride of sodium in a stream of 
chlorine gas, and dissolving out the chlorides of potassium and sodium from the 
residue by water. According to Henneberg, it is best to heat the diy pseudosulpho* 
^anoeen, first in an open porcelain basin, and afterwards in a co.vered porcehuD 
drudble ; because, if it be heated in a retort, the sulphur which is given off flows back 
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affftin and canseft the mellone to cake together. Too much heat muet also be avoided, 
the mellone then bakes together in hard lumps. The product thus obtained has a 
light-yellow colour with a tinge of grey •, a grey or red-brown product may l)e regard^ 
as a failure. As the complete expulsion of the sulphur from the prtH?eding coraiwun<te 
requires strong ignition, and a large portion of the mellone is thert'by decomiwsed, 
Laurent and Gerhardt prefer preparing it by heating chlowcyanamidi' till it ceases to 
give off hydrochloric acid and sal-ammoniac ; or ammeline, as long as it giv'es off 
ammonia and water; or ammelidc, as long as ammonia, cyanic, and cyanurie acids are 

evolved from it. . , i n . i 

The product obtained by either of those processes is a loose, hght-yoUow, strongly 
staining powder, destitute of t^iste and smell. The following table exhibits its com- 
position as dcterminwl by calculation and by analysis. 

# Fomiuhe and calculations, according to : 

l.uurcnt and Gcrhnrdt. 



LleWg. 

. 3913 

G* . 

c* . 

. 36 . 

N* . 

. 66 . 

. 6087 

N» . 
II* . 

CW 

92 

loo-oo 

G'N**!!* 


c 

N 

H 


72 
126 

- 1 
201 

Analyses by Laurent and Gerlumlt. 

rt. f>. r. 

. 35-73 . . 35:8 . . 36-1 

. G2-50 . . 02-1 . . 61-1) 

. 1-77 . . _J^ . • _il 

100-0 100-0 


36-82 

62-69 

1-19 

ioo^ki 


ft. 

36 0 
62-2 
1-8 
100-0 


c 

N 

II 


31-63 


3^01 


1-42 1*75 


/. 

35-57 

02-85 

1-58 

100-00 


32 49 35-07 

1-89 2-09 


100-00 

Analyses by Volckcl. 

*37 02 32-17 30-52 30-31 

61-92 

1-91 2-03 1*71 1*77 

lOO-OO 

T lolnV based his formula on the combustion of erode im Hone obtained from [wndo- 

sulphocyanogen, 5 from ^ obtained by variously long ignition 



cyanate of mercury. r>rn,lA Tiir ll(»ne if t he (bTomt.osition is 

is that of dicyanuramidc, (C-N;rjN’. Tl.o product when further h.arted sldl 

trtTnSrel“iSJr^H"hT 

thus to obtain.a.body haring ‘be com^^j^;'" ma^ITlml itli 

is Liebig’s . .,.11 events.’ the fdlowing formulae show tldit melamine 

probable that such is the case intomelam. dicyan- 

intotricyanuramido: _ jjip 

Cyanuramlde. 

c«n'‘h» -2Nn’ 

M«Uin. 

3C^»H» - Nil* 


c*N"ir». 

Mclani. 


DUrysntir- 
sni1d«. 

C*N'*H* - NH’ 

M«nmilde of 
hydrogen. 


DlcyanurHinlde. 

« 2G*N'*n». 

Mrllonlde of 
hydrogen. 

« C»N‘». 

TflryariHr- 
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Accordii^ to Liebig, pure mellone or tricyanuramide may also be oUained by beat- 
ing mellonide of merciuy till the eyolved mixture of cyanogen and nitrogen gases is 
tb^-fonrtbs absorbed by potash. 

Decompositiona. — 1. Mellone heated in a closed vessel is gradually but completely re- 
solved into a mixture of 1 vol. nitrogen gas and 3 vol. cyanogen (Liebig): 

- 3CN + N. 


According to Vol eke 1, it is resolved hereby into nitrogen, cyanogen, and hydrocyanic 
acid; 


= 3GNH + 3CN + N». 


When mellone obtained from arnmelide or chlorocy an amide is ignited in a tube, it 
disappears completely, giving off vapours which smell of ammonia and hydrocyanic 
acid, and deposit first a red, then a yellow, and lastly a red-brown sublimate. The 
sublimate gives off ammonia when treated with potash, and precipitates nitr.ite of silvAi*. 
The gaseous mixture evolved at the same time contains a gas (ammonia) wliich is ab- 
sorbed by hydrochloric acid, another (cyanogen) wliich Is absorbed by potash, and a 
non-absorbable gas (nitrogen), the relative quantities of the three being at the begin- 
ning of the experiment =9 : 51 : 40, and at the end == 10 : 30 : 60. (Laurent and 
Gerhardt.) 

2. Mellone heated in dry chlorine gas forms a white volatile substance having a 
powerful odour, and attacking the eyes very strongly.- -3. Mellone dissolves gradually 
in boiling nitric acid, continually giving off a gas which contains very little or no nitric 
oxide, and is resolved into ammonia and eyanylic acid (ii. 294), which crystallises in 
long needles : 

C»N« + ZIVO C»N*H»0> -i- NIP. (Liebig.) 

Or, 

C«N»H» + 61PO = 2C’N=‘H>0» -1-3NIP. (Laurent and Gerhardt.) 

4. Mellone dissolves in etrong sulphuric add , with evolution of ammonia; water added 
to the solution throws down a white substance different from mellone. 

5. Crude mellone heated with, potassium, or with iodide, bromide, or sulphocganate 
of potassium, is converted into mellonide of potassium. 

6. With a cold solution of caustic potash, it forms mellonide of potassium, which at 
the boiling heat is converted, with evolution of ammonia and formation of arnmelide, 
into cy am el urate of potassium (ii. 187): 

2C»N'3K* + 9H‘^0 = SNIP + C^N^IPO^* + 2C«NTC»0». (Liebig.) 

Mellonide of Aiiinielide. Cvainelurate of 

potassium. ' potassium. 

MSZiXiO»rBYBSZC ACZB. See the next article. 

IIIXZ.Z.OBZBBS. C«N»M», according to Gerhardt ; G'N'^M*, according to Lieljig’s 
latest experiments (Ann. Ch. Pharm. xcv. 257). Mellonide of potassium is obtained, 
as already observed, by the action of potassium, or of iodide, bromide or sulphocyanate 
of potassium, on crude mellone. This and the corresponding salts of sodium and am- 
monium are soluble in water ; the other mellonides are insoluble or sparingly soluble, 
and are obtained by precipitation. The sodium- and ammonium* salts are obtained by 
decomposing mellonide of barium with carbonate of sodium or of ammonium. 

Mellonide of Ammonium cry eteWisee in needles like the potassium-salt: it 
contains water of crj’stallisatiou. 

Mellonide of Barium is obtained by treating tjie solution of the potassium-salt 
with chloride of barium, as a white precipitate wlych dissolves in a large quantity of 
boiling water. The saturated solution deposits^ the salt in transparent, shortimed 
needles containing 20’87 per cent, water of crj^iallisation, which it gives off at 

120 ®. 

Mellonide of Calcium, obtained in like manner, is more soluble in boiHng water 
than the barium-salt. The crystals contain 18 05 per cent, water, which they give off 
at 120®. 

The following are obtained as precipitate.s : meUonide of cadmium, white] chromium, 
bluish-white ; cohalt, peach* blossom-coloured ; copper, parrot-green ; gold, whitish- 
yellow. 

Mellonide of Hydrogen^ MeUonhydric or Hydromellonic acid, C*N'’*H*. — Py 
mixing a warm solution of mercuric chloride with mellonide of potassium, a fine-grained, 
dazzling white precipitate of mellonide of mercury is ol>tuined, which, after washing, 
dissolves in dilute hydrocyanic acid, even in the cold. Sulphydric acid passed through 
this solution throws down all the mercury in the form of sulphide; and after driving off 
the hydrocyanic acid by a gentle heat, there remains an aqueous solution of hydromel- 
lonic acid, w'hich has a strong acid taste and reaction, mixes with alcohol without 
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tnrbidhy, expK&lg c&rbonic acid from carbonates with eflTervescenc^ and ^elda, whan 
neutralist with potash, crystaUised mellonide of potassium, exhibiting all tne propertiea 
of the original salt (L i e b i g). L. G m e 1 i n prepared the acid by decomposing the lead 
or copper salt with sulphydric acid. 

When a solution of hydromellonic acid is evaporated, in vacuo or in the air, either 
at ordinary or at higher temperatures, it deposits white films or fiakos, and leavM a 
somewhat crystalline residue, which rodissolves but partially in cold water. The acid is 
not, however, completely decomposed under these circumstances; but the portion solublo 
in water still yields a* certain quantity of mellonide of potassium when saturated with 
potash and mixed with alcohol. (Liebig.) 

Mellonidca o//ro?t.— The ferric mlt is a dark-yellow precipitate; the /trroMS 
salt, a white precipitate with, gri'cnish reflex. 

Mellonide of Lead white precipitate which, after drying in the air, gives oft 
14T per cent, water when heated in a bath of chloride of calcium, .1 he air-dried salt 
gives, acconling to L. Omelin’s analysis, 42’ 15 per cent, lead, agreeing nearly with the 
formula C**N**PbM5H*0, which rtHjuires 42’58 per cent. 

Mellonide of Magnesium is depo.sited, after .some time, in small interlactai 
needles, from a mixture of mellonide of potjissium and sulphate of nnignesium. 

Mellonide of esc is a white precipitate. 

Mellonides of Mercurg.~'V\\o mercuric salt i.s a white precipitate deposited on 
cooling from a boiling mixture of the solutions of mell«)nide of potassium and mereurie 
chloride : if the solutions are mixed cold, tlie pr«*cipitiito cont.ains pobussium. Iho salt 
when heated first gives oflf nitrogen, cyanogen, and hydroeyanie acid ; then tytfpgj'w and 
cyanogen, in the proportion of 1 vol, of the tormer to 3 vol. ot the latter. (Liebig.) 

The mercurous salt, nho obtaimnl by preeii.ifation, forms thick white flocks. 


o/ is a brownish-yelh)W precipitate. 

Mellonides of PotassiHm.-Thvco o\' tinw salt.s have laHUi obtained, viz tli« 
neutral salt, C"N‘^k*, and the two acid salt.^ L‘'N'’UK'^ and ( ■‘'N 11 

o. Neutral mellonide of potassium is obtained in many ivaetions besides those aliova 
mentioned (p 875), viz.'by the action of amidated eompounds <d cyanogen on potus- 
sium-Haltb ; by the action of sul|ihocyanal.'S on ixitaHsmin-salla ; uixi l.y tlnMlcc.o n- 
position of Buluhocyanato of potassium tin.l.'f parli.-u ar cinunnslumU'H. W hen, for 
example, eruacnn.-llone (or caleincl melam, &c.) s a.b e,l to Inse,! ‘ 

potassium, mellonide of [s.tassinm is pr.).luee.l, will, ev,, lot ton of 

not only from tlie mellone, but also from the elements ot tlie sulphor.> an.it e. Again, 
when sulphocyauate of copper is a'lild to mellinn snlphoryamitc of notassi.im, snlplmlB 
Tf carbo iSed, atu of l«.tassinn, ren.ains ,nixe,l w.tl, melalbc s.tl,, pde 

Monoiddc of potassium is also formed by healing sulpliur with ferrocyanido of 
potassium (c « when the n.ixinre used for preparing snlpho.'yanalo ot |iolas..um is loo 
strongly hcuvUul), its formation being due to the mutual ad ion of the suhduH'.vanatea of 
noSm Id forme,! in the Krst instaneo. All th.-se mo,les ot formal. on of 

mellonide of ixitassiuiu from snlpliocyaiiat,-H hecome mlelhgible on ohserung fluil a 

rulplKuyanl «n"i..s the eleme.'.ts of sol, of carbon, a nnUalhc sulpl.ide, and a 

mellonide, thus: ^ ^ ^ 

.Sulphoty- Mitlloiii't'f- 

auate. 

Pr,j>araii,m of MtlUmidc of PoUndum.-«. From M.e 

by small ^^loi s. onifbon. which breaks out in flames, and must be tixtniguished 
crucible, ^Th« mass is then immediately dissolvHl in boiling 

mass, w '^ede tnros bitutk 

water; ‘I** di»s..lve<l sulphi.l^ antimony; am the liquid 

to remoTe 'f to .^^1 whereupon it. generally solidifies to a crystalline m.^ 


I! 

fi)3 
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loaded with weights The mass, when dry, is again dissolved in hot ^ter, and 
the same process repeated. At the third crystallisation, the hot filtered liquid is mix^ 
with a small quantity of alcohol, till a faint transient turbidity makes its appearance. 
The crystalline ma^a which settles down is washed with alcohol after the mother- 
liquor has drained ofif, till a drop of the liquid which runs off no longer reddens 
ses^chloride of iron, and therefore no longer contains sulphocyanate of potassium. — 
2. The chloride of antimony used in this process may, with equal advantage, be 
replaced by chloride of bismuth This compound is prepared by passing chlorine gas 
over commercial bismuth, heated in a tube of hard glass, which is bent half an inch up- 
wards at one end, then again downwards, and lies horizontally in a combustion furnace ; 
ihe chloride of bismuth, wliich distils over, is purified from the chlorides of other 
metals by rectification in the same apparatus. Before being usetl, it is again melted, 
pulverised while still hot after solidification, and the powder added to the fused 
sulphocyanide. The proportions used are 1 pt. of bismuth -chloride to 2 pts. suljfho- 
cyanate of potassium ; with a larger proportion of the former the mass will not melt. 

h. From Melam.—% pts. of sulphocyanate of potassium are fused with 4 pts. of 
melam, previously slightly ignited, and added in successive small portions. The 
temperature must not be allowed to rise too high ; if the gas-bubbles which rise from 
the melted mass do not burn with a blue flame (sulphide of carbon), but with a r*'d 
colour, indicating the formation of cyanogen, the heat must be moderated. 

• Pure mellonide of potassium fonns soft, white, very slender interlaced needles, 
haying a silky lustre, and scarcely di.stinguishable in appearance from sulphate of 
quinine.— 1 pt. of the salt dissolves in 37*4 pts. of water at ordinary temperatures, and 
in a much smaller quantity of hot water r it is insoluble in alcohol ; crystallises with 
diflRculty, oven from a solution saturated while warm, but very easily on addition of 
alcohol. Its solubility in cold water is greatly diminished by the presence of other 
salts. A warm saturated solution, which would stand for days after cooling without 
crystallising, instantly deposits crystals on addition of a few drops of solution of 
sulphocyanate of pottv3sium. — The aqueous solution tastes as bitter as sulphate of 
quinine. In doses of a drachm, the salt exhibits no decided action on man or other 
animals, none at least which would distinguish it from other bitter substances. The 
crystals heated to 200° give off 18*06 per cent. (5 at.) water. 

The composition of the anhydrous and crystallised salts, as determined by Liebig, is 
given in the following table : — 


c*. 

Anhydrous. 


Liebig. 


Crystallised. 


Litbig. 

. 108*0 

26*50 . 

.26*12 


. 407*6 

81*91 

N'» 

. 182*0 

44*65. 

. 44*38 j 

5IPO . 

90*0 

18*09 . 

. 18*06 

K*. 

. 117*6 

28*85 . 

. 28*72 


5IPO 4~97*6 

lotTob" 


407*6 

100*00 

99*22 1 






The dried saU burnt in a stream of oxygen yielded only 0*06 per cent, water : now, if 
ft contained 1 at. hydrogen to 2 at. potassium, according to Gerhardt’s formula, 
C*N*HK*, it should have yielded 219 percent. wat(‘r; it may therefore be concluded 
that the salt does not contain hydrogen. 

Neutral mellonide of potassium, boiled with hydrochloric acid, yi( Ids sal-ammoniac, 
chloride of potassium, and cyanuric acid. Boiled with nitric acid, it yields cyanylic 
acid. By continued boiling with potash, it gives off ammonia, and yields, first am- 
melide and cyameluric acid, then melanuric acid, and finally cyanuric acid (p. 876). 

A Soluble Add salt. C‘'N'’HK*.3H*0. — Obtained by mixing a warm saturated 
solution of the neutral salt with an equal volume of strong acetic acid. It crystallises 
from this mixture in oblique rhombic laminae, wWch effloresce in a warm atmosphere. 
When boiled with water, it is resolved into t^ neutral salt a, and the insoluble 
acid salt h. The crystals, after drying in the air,- give off 13 03 per cent, water (3 at. 
« 12*73 per cent). The salt, dried at 150°, gave by analysis 28*75 per cent, 
carbon, 0*43 hydrogen, and 21 13 potassium ; the formula C*N'’HK* requiring 29*23 
carbon, 49*28 nitrogen, 0*27 hydrogen, and 21*22 pota.s.sium. (Liebig.) 

y. Insoluble Add salt. C^N'^IPK. — This salt .separates in the form of a w*hite. chalky 
precipitate, on pouring a moderately dilute solution of neutral mellonide of potassium 
into warm dilute hydrochloric acid. It isinsoluble in cold and sparingly soluble in boiling 
■water ; the solution has a strong acid reaction ; easily soluble in a solution of acetate 
of pot^ium. It gave by analysis 31*97 per cent, carbon, 0 76 hydrogen, and 11*93, 
potassium; the formula requiring 32*61 per cent, carbon, 64*99 nitrogen, 0*60 hydrogen* 
and 11*84 potassium. ® ’ 

Mellonide of Silver, C*N**Ag*, is obtained as a white precipitate by mixings 
boiling solution of neutral mellonide of potassium with nitrate of silver. It contains, 
aceording to the mean of Liebig’s analyses, 17*48 per cent. carlx)n,29*54 nitrogen’ 
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and 52*48 silYer(«s 99*50), the formula requiring 17*50 carbon, 29'64nitrogen, aod 52*77 
silver (» 100b 

Laxirent and Gerhardt found in this salt 17*01 to 17*8 per cent. carlx>n, 62*2 silver, 
and 0*4 to 0*5 hydrogen ; whence they doiucod the ft>rmula C*N*H/Vg*, requiring 
17*3 C, 52*0 Ag, and 0*2 H. Liebig, however, by burning the salt in a stream Oi 
oxygen, obtained, in two experiments only 0*4 and 0*3 per cent, water ; whon^as, according 
to the latter formula, the quantity of water should b«' 2 17 per cent, or about six 
times as ^at as that actually obtainwi. Hence it may be inferred that the salt does 
not contain hydrogen. 

Mellonide of Sodium, obtained by decomposing the barium-salt with carbonate 
of sodium, crystallises in white silky nee<lles, moderately soluble in water, insoluble 
in alcohol. 

^Mellonide of Strontium is more soluble in water than mellonide of barium; 
its solution, saturated at the boiling heat, solidifies, on cooling, to a nnigma composed 


of needles. 

Mellonide of Zinc is a white precipitate. 

MtS&OKBMSTXSr. An emetic principle contain<‘d, according to Torosiowicr, in 
the root of the melon i^CucumU Milo), See Cucumis (ii. 172). 

M 81 LOPSXTB. A yellowish- or greeni.sh-wluto lithomarge from Noudock in 
Bohemia. Hardness » 2 to 3. Specific gravity » 2-5 to 2 fi. (Breit haupt.) 
MSWAOCAltrZTS. Titaniferous iron. (See Titanatks). 

MSITAPBTOXZMZDB. ) Naphthyi amink, Hkhivatives (»p. 

MBKAPBTHTZuflLMZKB. ( 

MBTTPXPXTB- An oxycliloride of lead, Pb’Cl'O’, found on the Meiidip Hills in 
Somersetshire (p. 566). 

MBJXBOBXMTXTB. A sulphide of load and antimony, 4PbS.Sb'^S*, occurring, 
with Boulangeritc and Jamesonite, at Botlinoin 'Puscany, generally in compact fibrous 
forms, but sometimes in distinct trimetric crystals, exhibiting the fiices oo and 
ooP; cleavable parallel to ooPoo and oP (Q. Sella, Jahrosb 1802, p. 712). Hanlness 
= 2*6 Very lustrous. Contains, according to Bechi’s analysis (Sill. Am. J. |2j xiv. 
60), 17-52 per cent, sulphur, 19*28 antimony, 59*21 lead, 3-54 copper, and 0*34 iron 
( = 99*89). 

AKBJrOXTBi A mineml containing zirconia, ferric oxide, and titanic acid, 0 <‘cur* 
ring i« granite-veins in the Ilmen Mountains. It forms short trimetric prisms often 
tZinatld by fcr-idcd pyramid,, a ■. I, : c ^ 0-82H.'> : 1 : O'BfifiO. A-ig « «P : 
a 100° 28' : oP : Poo = 133° 42'. No distinct cleavage. Hardness = 5 to 5*5. Specific 
trravitv = 6*48. The crystals arc iron-black, with submetallic lustre sub vitreous on 
the fractured surface. Streak chestnut-brown. Fracture uneven. Infusible before 
the blowpipe, but becomes magnetic. Greenish-yellow clear glass 
salt in the outer flame ; yellowish-red in the inner, deepened by adding tin. Manga- 
nese reaction with carbonate of sodium. , 

This mineral is called ilmenile by Bnxike ; and the name mengito is applusl by 
that mineralogist to monazite. 

MBBXX.XTB. A brown opaque variety of opal, occurring in compact reniform 
masses, occasionally slaty. . * . .u 

AKBiriSPBBMXC ACID. A doubtful aei<l, said by Boullay to exist in tho 
seeds of Menispermum Cocculus. and to be «,btaiiM>(l by .,va|H)ration of the alcoholic 
mother-liquor from which picn>toxim- ha.*^ crystalliHciI out P is < eserib.*.! „h cr^stal- 
bne t JSess sparingly soluble in wat^-r, e.apabl. of reddening litmus and forming 
cmJni8abl.',ait,wfth^lkali,^ N,.i.h..r CaHaH.«. nor IMbtmrwn^ abln U, obtain 
this acid in the manner described by Ikeallay. , 

MmxaPBBMXBB. An alkaloid diseovered by P^dletior and Criuerbe 
(Ann Ch. Phys. [2] liv. 178) in tin* seeB.s of Mn/Mptr/uum CoccuiuK, in which it is 

M nxlma’Ttnd with hot acidulated water; the brown wJution i« pW- 

h’v an alkali- and the prwipitatc i« cahanated with very weak acetic acid, 
cipitated by an alkali . ima j ...Xsolved Or the awala may U- ma<lc np into a 

wfcch leaves a bro^-WMk m^ 'in^ dialiflad off; 

ItcT; -d theTq^ at th- Wlin« beat; it then on 

the residue boilea with wai » . Asneciallv if a small quantity of acid luw 

rn’^ddtr’The mrt^naiJubi in boiling w^r ia^hen Ir. abd with acidulated water 
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alcohol extracts a peculiar yellow substance ; and the residue is finally dissolved in 
ether, which deposits menispermine in the crystdlline form. The ether leaves * 

undissolred a viscous substance, which may be dissolved in absolute alcohol ; and the 
solution, evaporated at 45®, ultimately yields crystals of p.a r a m e n i s p e r m i n e. 

Menispermine crystallises in prisms terminated by pyramidal faces. It is white, 
melts at 120°, and decomposes at a higher temperature. It does not appear to bo 
p>isonous. It is insoluble in water ^ but soluble in alcohol and ether ^ which deposit it ^ 

in the crystalline state. It contains (mean of four analyses) 71 '80 per cent, carbon, 

8*01 hydrogen, 8’57 nitrogen, and 10*53 oxygen; whence Pelletier and Couerbe deduce 
the forrauhi 

Menispermine dissolves easily in dilute acids. Hot strong nitric acid converts it 
into oxalic acid, and a yellow resinous substance. 

Sulphate of 'menispermine crystallises in prismatic needles, containing 15 per cei^. 
water and 6*87 per cent, sulphuric anhydride. It melts at 165°, and at a higher 
temperature reddens .slightly and gives off sulphydric acid. 

Paramenispermine has the same composition as meni.spermine. It melts at 250®, 
and volatilises in white vapours, which condense like snow on cold bodies. It is in- 
soluble in water, sparingly soluble in ethers easily soluble in boiling alcohol. It 
dissolves also in dilute acids, but without neutralising them or forming definite salts. 

MSMTTBBlSrB. (Walter, Ann. Ch. Pharm. xxxii. 288.— Opp enhei m, 

Chem. Soc. J. xv. 29.)-- - A liydrocarbon produced by the action of phosphoric anliy- 
dride (W alter), or chloride of zinc (Oppen hei m), on menthol or peppermint camphor, 

It is also found among the products of the decomposition of cldoridr* of ^ 

menthyl by ethylate of sodium (Oppenheim). To prepare it, menthol is melted 
in a tubulated retort, and phosphoric anhydride is added by small portions till it 
is in slight excess. The ma.ss is then distilled, and the product is r<?ctified by distil- 
lation over fresh portions of phosphoric anhydride. 

Menthene is a transparent, very mobile liquid, having an agreeable odour and 
cooling taste. Poiling-poiiit 163°. Specific gravity = 0-851 at 21°. Vapour-density, 
obs. =« 4 03 to 4-95 ; calc. = 4*78. 'It is in.soluble in water; forms a turbid mixture 
with a small quantity of alcohol or ether, a clear mixture with a larger quantity ; dis- 
solves with moderate facility in wovd-sjnrit, very easily in oil of turpentine. 

Menthene is scarcely, if at all, attacked by potassium ; cold sulphuric acid has no 
action upon it ; 7iitric acid ultimately converts it into an oily acid, soluble in water 
and in alcohol ; with chlorine and hroudne it forms substitution-products. 

Bromommthem’. C'‘'H'^Ilr. — Bromine acts very violently on menthene, disengaging 
torrents of hydrobromic acid, ami forming a number of very unstable substitution- 
products. By adding 2 at. bromine drop l)y drop to 1 at. menthene, monobix^momentheno 
appears to be formed, the product treated with potash yielding the hydrocarbon 
C‘®H'® (Oppenlic im) : 

+ KIIO = KI5r + IPO + jJ, 

Pentachloromenthene, is produced by the action of chlorine on menthene. 

Dry chlorine attacks menthene with great violence, hydi*ochlorie acid being evolved, 
the liquid assuming first a green, then a yellow colour, and being idtiraately converted 
into pentachloromenthene, which is a yellow .‘syrupy liquid heavier tlian water. It 
dissolves at ordinary temperatures in aJeoJul and wood-spirit, more easily in ether and 
oil of turpimtine. Strong sulphuric acid colours it dei'p red. 

MBXVTBOZi. C'®ir-"0 = Menthfw alcohol. Hydrate of Menthyl, 

Camphor or Stearoptenc of l\pprrminUoU. (L. Gnrelin, Ilandbuch, Aufl. 3, ii. 408. — 

Dumas, Ann. Ch. Pharm. vi. 252. — Blanclfet Sell, ihid. vi. 293. — Walter, 

xxxii. 288. — Kane, Phil. Mag. xvi. 418. — Ban rent, Rev. scient. xiv. 341. — 
Oppenhoim,Cliem.Soc. J.xv. 24).- The e.ssentml oil of peppermint, when kept for a 
long time, or cooled to very low temperatures, deposits this substance in crystals. 

American peppermint-oil yields this deposit at temperatures near 0°. This camphor 
is now imported in large quantities from Japan, in small, white, fragrant, jirismatic 
crystals, resembling sulphate of magnesium, which salt i.s in fact used for adulterating 
the Japinese camphor, sometimes to the iimount of 10 to 20 per cent. 

The camphor from American oil of peppermint units at 36*5° (Omelin); at 25° 

(Dumas); 27° (Blaiichet and Sell); 34° (Walter); the Japamse camphor melts 
at 36°, and volatilises without decomposition at 210^ (Oppenheim). Vajiour-den- 
fiity, obs. =8 5*62; calc. - 5-41. It is laevo-rotatory. [a] = -- 59*6° [? for the tran- 
sition tint.] )r<~ 

It is but slightly soluble in v afer, but imparts to that liquid a .strong smell and taste. 

D is very soluble in alc'diol, eth'r, sulphide of carhon, and oils, both fixed and volatile; 
insoluble in aqueous alkalis. From an alcoholic .soda-solution, it cry.^tallises in long 
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needles. It is dissolved by a current of sulphurous anhydride^ or hydrochloric add yas, 
but the acid passes off on evaporation, leaving the menthol unaltored. Concentrated 
acids especially nitric, sulphuric, hydrochloric, formic, acdio, and butyric acids, dissolve 
it fredy ; and from these solutions it is prtH*ipitated by water and by alkalis, as an oil, 
which soon solidifies, and then exhibits the original prt>i>ertie8 of the camphor. 

Heated with strong hydrochloric to 100° for a considerable time, it is transformed 
into chloride of menthyl, C'ni*«Cl. The same compound is fornnHi by the action 
of pentachloride of phosphorus : 

+ rci^ » pci*o + iici.c"'n‘*ci. 

Vfith iodide Audi bromide of phosphx>rus, it yields iodide and bromide of menthyl; 
hvdnodie acid also acts upon it at 200^, funning iodide of menthyl. 

Seated with concentrated acitic acid in a sealed lube, it is convert<‘d into acetate 

of menthyl, butyric acid it forms, in like manner, butyrate of 


menthyl, 

These reactions show that peppermint-camphor is an alcohol containing the rad 
(menthyl); it is homologous with allylic alcohol, C II O, and isologous w 
,mpholicalcoUorcamphol.C‘ni‘«0(i.e.difierH from the latter 

^ .i .-i- , ♦u^i,*/. lol :uul ition hoi aDolicd to it. 


C‘®H 

cam 


radicle 
with 
mce 


campholic alcolioi or cainpuoi, v> xi. ^ .. 

the Lmes monthylic or mentholic alcohol, and nuui Mi ol anphod to it. 

Sodium acts very energetically on menthol, with evolution ot hydrogen and fot* 
mation of a substitution-produet, which is a white vitreous traiisparent iiiass 
brown on exposure to the air, insoluble in water, but, soluble in absolute akohol and 
iodide of ethyl. The latter body acts on the sishurn eompound; butthe ae ion is tmm- 
plicated, and^loos not appear to give rise to the formation ot a eompound etln'r, as with 

by phosphoric anhydride or chloride of zinc, yi.dding 

meuthene. 

MBWTBTXi. C'®ir’. The ra<liele of mcntliylie alcohol, &c. 

Acetate of Month,, I, I”"’*’"""' '"'“‘"’S' 

to 120° in a s.'aUKl tnl.e for It-n or twlvo lionrs, fl„ n willu-arl.oiwto of w-.liiini, 

ihtirun of into sodic 

acetate and menthol. (Oppenheiin, Chem. Soe. J. xv. 20.) 

n . , f \(,.tthul is pnpanMl by heating menthol with butyric 

Butyrate of Maithyi, ^ijitqj k >« 1 I J ^ i 

acid in a sealed tube, to 200° for thirty h<mrs ; then distilling and ^ 

which t-asso« over l.etween and 2.0° liotalory l^owor [aj = «Hh 

nej^ly. /■,^,/A,// r’''l["*CI. Obtained I'V tivalint, nj.ntiiol with pcnfaoiilorido of 

phosphors (Walu.r); or «a,h^oneen.^ 

about 204°, decomposing „„,,1 lij. po.a^slun,, hut Klmug 

alcoliolie nota.sh lias no ^ *‘,1 ;,y li^o iuTioiiV.f bLniO. ami iodide of 

/'hil.er aahKlanec diaeovered hy H^ande. in 

Anal. Chem. i. Ifi ; •f'*''''' *'''..*’’®’; rnl.i , K-'il ■ 1. I" ll.ua ohtaiu. d ,i« a nearly 

that de.vcrihed for the ‘'jj' ^ , Irving ov.-r suiphurie acid, i.a an.orpliouH. friahl.,, 

colourleaa rp.nous !"“ ■ 7 ' ‘■'’,;,;:f®p^fri»hu,ee a.id l-.r. ly hil.er taH.e. It beglna 
permanent m the W ^ b, .cornea quite fluid at 11.'.°, and Bolidiliea ..n eoohug 
to soften between 60 ^ hi'dmr temis ratiircH it gives oil first 

to a bard yellowish ^ niustard. It dissolveH sparingly 

aromatic, then pungent iLl in «Ao4o/. but i.. insoluble in dh^r ; alkdis 

in cold water, ea.sily It. dissolves with vnrioim slneb sof colour 

liot 
tlie 


tI::: 

V;:;: ./ pr,.pita,.. having 
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composition C^H**0** »■ C**H** 0 **. 2 C®H* 0 *« Menyanthin is isomeric with oin' 
picrin, which it also resembles in many of its properties. (Kromayer.) 

The name menyanthin has also been applied to a neutral amylaceous substanc 
contained in buckbean ; probably identical with inulin (p. 277). " 

MSanrAVTBOXN An oily body, obtained by distilling menyanthin with dilute 
sulphuric acid. The residue in the retort contains fermentable sugar. It is heavy 
colourless, smells like bitter almond oil ; has a faint acid reaction, and reduces an 
ammoniacal. silver solution. (Kromayer.) 

ASBBCAPTAm. Sulphydrates of the alcohol-radicles, e.^., sulphydrate of ethyl 
I several Alcohol-radicles, c.^.. Ethyl, ii. 547.) 

MBRCAPTZBBS. Compounds formed by the substitution of metals for hydrogen 
in the mercaptans. * 


MSBOintAIICXXrilS ABD MSBCiniAMXIfOSrzirMS. See Msrcuby-bases 
Ammoioacal. * 


MBBCVRZAZiZSt The ash of Mercurialis perennis (the herb together with the 
fruit) h^ been analysed by N. Eeitler (Jahresb. 1860, p. 543). The air-dried 
plants yielded 84*4 per cent, dry residue at 100°. The ash amounted to 11-5 per cent, 
of the air-dried plant, and 13 09 per cent, of the plant dried at 100°. It contained* 
27*14 per cent. CO* 918 Cl, 0*98 SO», 0 84 SiO*, 2*74 P*0», 0 27 Fe*0» 31-67 CaO. 
6-69 MgO, 14*35 K*0, 6-84 Na*0, with a trace of copper (loss 0 50). 

MSRCTTRZO AMYZiZBB, BVBZZIB, Ac. See Mprcuby-badicles, Obganio. 

MBRCURZirS. This term was applied by the alchemists to all volatile substjincos : 
thus (quicksilver was called Mercurius coTtwiuuis ; alcohol, Metcut^us vegetabilis. At 
present it is applied onl}' to quicksilver. 

Mercurius dulcis. Syn. with calomel (p. 893). 

Mercuriua cinereus Blackit, blackish-grey mercurial precipitate, is a mixture 
of mercmrous (Jarbonate with Mercurius soluhilis HahneTnanni^ obtained by precipitating 
mercurous nitrate with carbonate of ammonium. 

Mercurius cinereus Moscati^ the Mercurius soluhilis of the Swedes, consists 
of black mercurous oxide, obtained by decomposing calomel with caustic potash or 
soda. 


^ Mercurius cinereus Saunderi. An almost obsolete pharmaceuticiU prepara- 
tion consisting of chloride of mercurosammonium (Hg*H*N)Cl, obtained by decom- 
posing calomel with ammonia. (See Mbrcury- bases, Ammoniacal.) 

^ Mercurius phosphatus Fuchsii, An obsolete preparation obtained by pre- 
cipitating a solution of mercury in nitric acid with phosphate of sodium. 

Mercurius pracipitatus alb us. Hydrargyrum amido-bichloraiu 7 n, Ht/drar- 
gyrum amido-muruiticum, Hydrargyrum pradpitatum album, Mercurius cosmeticus, Calx 
bydrargyri alba^ Lac tnercuriale . — White precipitate. Of this mercurial preparation 
there are two varieties, distinguished as fusible and i nfusible. The former con- 
sists oi chloride of mereur ammonium, Hg"H*N'‘'CP, obtained by precipitating ammonio- 
mercuric chloride with potash, or by dropping a solution of mercuric chloride into a 
soluti()n of sal-ammoniac mixed with ammonia, as long as the precipitate first formed 
IS r^issolved; the latter, of chloride of dimercurammonium Hg"H*NCl, obtained by 
adding ammonia to mercuric chloride. 

Mercurius pracipitatus ruber. Oxydmm hydrargyricum. Mercuric oxide 
obtained either by oxidising mercury in contact %ith the air at the boiling heat, or by 
heating it with nitric acid. The product obtained by the first of these methods is also 
called Mercurius prcscipitatus per se (see p. 907). 

Mercurius soluhilis Hahnemanni. Hydrargyrum oxydulatum nigrum, 
Nitrus ammonicus cum oxydo hydrargyrico. Basic nitrate of mercurosammoniZ 
MbhCUBY-BASBS, AkMONlAOAL. 

Mercurius violaoeus. A form of mercuric sulphide, obtained by triturating 
U^ther 6 pts. melted flowers of sulphur, 6 pts. merc^, and 4 pts. sal-ammoniac, pulver- 
ising the cooled m^, subliming it in a flask, removing the upper white deposit, consist- 
ing of sal-ammoniac, and resubliming the lower, heavier sublimate three times. The 
upper part of the sublimate, thus obtained, is usually light and yellow ; the lower heavy 
and violet. The latter, after it has been finely pounded and alcohol burnt upon it, 
constitutes Mercurius violaceus. * 

Mercurius vita. Powder of Algaroth (oxychloride of anti mony, i. 327). 

Mercurius vivus. Metallic mercury. 





atnOVM-TBTMTSn-AlMOirXVM. Hg'*(C«H>^N)*. A baiA, Uw 

iodide of which is obtaiaod, according to Sonnensdhein, toother with sey«riU otUr 
con^unds, by the action of iodide of ethyl oxi white precipitate (ii. 686), 
auntCV&T. Svnonymes : QuioksUvert Hydrargyrum^ Argentum vitwm, Uenmim > 
MVKS. Symbol Hg ; Atomic Weight » 200. . , • * 

This metal has been known from the earliest times; cinnabar was used lu a ^wnnimt 

. . • . .11? A. *VtA AniiKiuno ann Aninn 


This metal nas been anown rrom me eariioei. iimoi, ui»iu»ucn wm u.^ ^ 
by the ancients ; corrosive sublimate was kx^own to the Arabians, and calomel to the 
alchemists. 


Mercury is often found native, in globules disseminated through its ores ; it occuw 
also combined with silver and with gold, in the form of amalgams ; *1^“ 
chloride, and very rarely as selenide; but the most abun^t ore is the sulphide, or 
cinnabar, from which nearly all the mercury of commerce is ob^ned. Iu» im- 
porlant mines are those of Idria in Illyria, and of Almad^ in Spain. At ^m^ 

ITis found in veins, often nearly fifty feet thick, traversing micacwus s(Ai8t8 of ^e 
older transiUon period ; in Illyria it in di«a>mmated in bods of gn^ 
or compact limestone of more recent date It oeenrs also in the 
at IIoKowitzin Bohemia, at Schemnitz in Hungary, and a few other Iom^m m 

Europe: on the Ural and Altai mountains; in China abundantly, “"<1 i" “ 

San Onofre, in Mexico; abundantly at lluanca Veliea, in houtliOTii “* 

province of Coquimbo, Chile ; and forms extensive mines at New Almaden in 

^^ep™ra«on.-By distilling mercurial or.'8 with lime, smithy-s^es, or simply • 

with^he air, so as to remove the sulphur by formation of sulphide of ^ei^, si d^ de 
of iron or sulphurous anhydride ; partly also to n movo chlorine. In the 
rin^^’a Srof ore and limo‘is heaUd to redness in long cast-iron w1& ■ 

in nearly horizontal rows, one above the other lu a long furnace and ^ 

^eS At Horzowitz in Bohemia, a mixture of ore and smithy-s^lM.is pla^ 
in iron dishes, which are attached one above Uie other by the ^ Sin*e 

a vertical iron axis, and covered over with an iron receiver, closed at top, ““ “'PP*"8 
into wter at bottom. The upper part of the rwiver is surrounded by 
and imparts its heat to thedis^ies, from which the '".“"“rf 

in the water contained in the trough. This process is called DcnUlatio per atecennm 
At Idria in Illyria, the quicksilver-ore, coarsely broken up, is laid 

and finally through a turret-shaped being inclined to 

transit, the mercury condenses in tl e » Ktrainod through coarse cloth. 

of passing through ^t both ends, and fitting one into tho 

si' ■ 

performing the distillation in iro go„Min„.g in leathern bags, sometime* in wronght- 


iron Doiues, yvuiw a**? 

potassium. , rji^e mercury is distilled either alone, or, 

Punjica^i^ e^^n, or other retorto. , A portion 

better, under a thick ovct with the mercury, either in the 

of tho foreip metal* ^ ebiJlition. The latter of the»e accident* la pwMtod 

vapour or by spirting dun^th It .jj. mercury with one-tenth of it* 

by the coating of iron-fi of wWch retain* the foreign metal*. (BSrfurt.) 
weight of cinnabar, the f ,mmo hour* with ^ of it* weight of moraiBW 

8. By boiling the impure „ „antity of very dilute nitric aci4 or by 

nitrate diwlv^ '“.W of these liquid* in Sie cold, the mercury being plac^ in « 
digesting It with ®'‘^“^‘“XrgT*urface, and frequently agitated; or by jfflUti^ 
shallow dish, 80 as to '“^P^ , f ^ acid—which must bo stronger, u the 
the mercury for some davs with »ulpbunc takes up any foreign 

ca .7 i. more impure-liU the a^nljio ^Ulex (Ann. Cb. Pharm. U, 210) 


mo« impu^-rill the a^n. - a! PhWu 2W) 

JiStTtwo with half an ounce of dilution of feme chlonde, 
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havitf^<jii specific grayi^^f 1:4^. The mercuiy js therebj redficed to a state of very 
fine and the action on the foreign metals is accelerated by the formation of 

chjoride of mercury, which cdUects between the drops. It is suffici^t to agitate 
the mercui^ with the Jpon solution fbr ten mintttes, and then wash it ii^itl^ water. The 
ISereuryi after drying, is'^ily reunited by the applieation of a gentle heat-r-d. A small 
quantity of njercury may we speedily pnrified^ placing it *tn a Jrottle with,iftrlittls finely 
powdered loaf-sugar, the mercury not ocwjying more than onarlSnrth of 'ihe iiapacity 
of the bottle; the bottle is than (ftosfed j|pd briskly agitated for a few minutes, after 
which the stopper is Vithdrawri, and fresh air blown into' the ^bottle yviih a pair of 
bellows, and the agitation ^'repeated ; this is done three or’four times, and the 
mercury is then poured into « cone of smooth writing paper, having a pin-hole at its 
apex. The metal then runs through, leaving the pounded sugar mixed with the 
oxides of the foreign metals, and a considerable quantity of finely divided ipcrcury. 

Pqro mercury should leave no residue when dissolved in nitric acid, evaporated fhid 
igniM; . or when fused with sulphur and sublimed in a glass flask. When made, to 
ruulfiown a geiitl;^-inclined surface, it should retain its round form, o-wii 7 iot (Iraq a 
fd#; and when Rotated jn a bottle with dry air, it should not yield auy black powder. 

Mercury freezes, accoS*ding to Hutchins, at - 39-440 undergoing con- 
•‘•MeralJl%ontraction, and forming a tin- white, ductile mass, crystallised in octahedrons 
^nd capable of being cut with a knife, and exhibiting a granular fracture. At 

6rdi|iaBy tenjpemturcs, it forms a very, coherent but very mobile liquid, which adheres 
,^^i8i0tly to glass, and has a density of 13-5592 (Karsten), 13*5886 at 4®, and 
I®^635atS60(Kupffer), 13*568 (Cavendish andBrisson), 13*575 (Fahrenheit), 
(Biddle), 13*595 at 4° (Kopp), 13*596 (Regnault). For its specific 
h^see Hbat (p. 30); rate of expansion (pp. 51-57) ; latent heat effusion (p. 77). 
^I^e reury remains unaltered when agitated for any length of time with oxygen gas, 
<ijSl^qn air, hydrogen, nitrogen, nitrous oxide, nitric oxide, carbonic acid gas, or 
alb^l ; birt any foreign metals that may be mixed with it become oxidised by 
flgitfitidu in air or oxygen gas, producing a grey pulverulent mixture of the oxides of 
the foreign metals and finely divided metallic mercury. On the other hand, by agita- 
tion udth water, ether, or oil of turpentine, or by trituration -with sulphur, siilpTiido 
of antimony, sugar, grease, &c., even in vacuo, mercury is converted into a grey powder, 
Mikiops per se, consisting of small globules of the metal, which arc separated by in- 
terposition of foreign matter, but run together again on its removal: this is called 
the Extinction or Deadening of Mercury. In well prepared grey mercurial ointment, 
the mercury forms nearly uniform globules, having a diameter b(‘tween and - t, ; of 
a lino, and not distinguishable by the naked eye (Ehrenberg, Pogg. xxiv. 40).^ TJio 
deadening of mercury was formerly attributed to oxidation. According to Biiren- 
sprung (J. pr. Chem, 1. 21), some, at least, of the mercury in grey mereurial ointment 
is in the state of black oxide (the quantity being greater, the older the ointment), and 
this oxide, after the fat has been extracted by ether, may be dissolved out by water 
slightly acidulated with sulphuric acid. 

Mercury boils, according to Crichton, at 346'^; according to Dalton, at 
349° ; according to Heinrich, at 356°; according to Dul ong and Peti t, at 360°, 
and is thereby^ converted into a colourless vapour. Vapour riso.<5, however, from 
mercuiy, even between + 15*5° and 27° (but not at — 6*7°), l)oth in vacuo and 
in spaces filled with air, as shown by the silvering of gold-leaf, kept for two months 
in a vessel over mercury (Faraday, 7°). According to Karsten (Pogg. Ann. 
Ixxi. 245), mercury at temperatures below. 0°, gives off suflficiciit vapour to bring 
out the imago on a Daguerreotype plate held over iU • Brame (Instit. 1849, 403) finds 
that sulphur in the very finely divided utricular condition {utricxdes de soufre) in 
which it is first precipitated from the state of vajfbur, is a much more delicate test for 
the presence of mercurial vapour than gold-leuf. - By means of this test, he finds that 
at 12° the vapour of mercury rises to a height of more than a metre — that even at 8°, 
it appears to nave no limited atmosphere — that it rises, at ordinary temperatures, from 
amal^ms and mercurial ointment— that in presence of air and sulphur-vapour, it 
difibses, according to the same law as other gases — but that in presence of air and 
iodine-vapour, and of the vapour of iodide of mercury thereby produced, the law of 

t iipn appears to be different. (For the tension of mercuiy-vapour at different 
pSfttures, see Heat, p. 94.) 

e density of mercuiy-vapour, referred to air as unity, is 6*7 (Bineau, Compt. 
ipind. xlix. 799). The theoretical density is 100 referred to hydrogen, or 6*933 
Inferred to air, as unity, the molecule of the vapour containing 2 at. Hg ( *» 100) or 
1 at. Hh^ ( * 200). 

According to Wiggers (Pogg. Ann. 440), mercury is slightly soluble in boiling 
water. When twenty, ounces of water are poured upon two ounces of mercury, ana 
bbilod down to ten ounces, the decanted liquid shows no particular reaction with 








??Vj^ 








i«aRCU|f^LLOTS OR 




•olpliy^e acid or aOknnous chloride ; but on mUii^U vifi^ 

and eiHH>orating, the residue oxhibite a slight brawn tint when treated wi^ sdtph|^o 

aoiii Ant)|on idao (J. pr. Chem. xv. 153) feund thit water boiled with 

fifteen hours, aiiij then decitoted, was dapable of 's'ih’ering golddeaf ; afid after ftap6^ ^ 


ration with nitric acid, gave the characteristic reaction jpth sulphydric add «m 

*d.»v. 306), in repeating the 


the other hand, the nitric acid is in excess, the wliolo of the mercury ^ _ 

mercuric nitrate ; mercury heated with excess of niiromuriatic acid, yields rg^^TW 
chloride and nitrate. Mercuiry is scarct'ly attacked Ijy dilute sulphuric aem, but1|{hen 
heated with the concentrated acid, it is conv(>rtrd into solid nn reurio sulplint«,^rith 
evolution of sulphurous anhydride. If the sulphuric acid is small 
heat is not raised quite to the boiling point, mercurous sulphate is obtain^O. CWOWIW 
gas passed over gently heated mercury, converts it into mercuric chloride. 


Mercury forms two series of compounds, viz. the mercuric compounds, into which 
1 atom of mercury enters as a bivalent radicle, and the morcurous cmmioun^ 
which 2 atoms of mercury are linked together so as to torm a bivalent mdiele (1 Ig- lijj) ; 
thus : 


I together 




Mercuric chloride 

. Hg'Cl’ = 200 + 2.35*6 » 271 

Mercuric oxide 

. Ilg'O «» 200 + 16 » 216 

Mercurous chloride . 

. (JIg2)"CP == 2 . 200 + 2 . 35*6 « 471 

Mercurous oxide . 

. (Hg'O'O 2 . 200 + 16 « 416 


There are also several compounds in which mercury forms part of a base or nwhclo 
belonging to the types ammonia and ammonium, ry. hromido of morcurammontum 


chloride of tot.ramercurammonium, (Hg'')*N^CT''. Trimorcuramino, 


(lIg")•N^ is known in the free sUte. 

MsmoimT. ftT.-f. nva or AMAIOAMB Of. M. rrury i« oapiiUe of uniting 
•i.1- *■ y-.fi-.ATi Tifwt'tlM forinina comtM>iinds calh'd am al gams, some of which are 

lTauid”whilo oth.-rs are «olid. Tlie wdid niiialganiH apia-iir to bo for llio miMt part of 
Ko chendcal constitution; wbil.- tin- liqui.l anml«um» may bo rogardod in many 
doBuito clicmic f „„„,,ound« in oxccbs of mi-rcury, inaanuicli u« wlion tboy 

Rre or^^ between chamois leat her, mercury cvintaining but a small quantity of the Other 

f^i ar.a throiufh whilc a solid amalgam, frequently of definite atomic constitutiOH, 
metal paaa,^ through, whik^sw ,he affinity by wliich the two 

remaine Wiin • ' j j ^ C ; for Jo ii le bus shown that many of those which 

nSrs of atls of tluir component metal, may be partly decomnwd 
contain equal n _ strong pressure, part of the mercury being then fotetd d^ 

by subjecting t . j pjrtioii of the other metals remaining behin^^.^ 

and an ion^ amalgams is attended with little or no cont«urtidl|,^ 

most uniunee. also ^ofor^ eoutrac-tion is considerably ‘ 

;‘rttith“ror metal, either in the B,Ud 


.m 


fittoilioita iAloride; jPatofif imd FavtjOt (J. ^im. mid, * 

experiioMl# of Wig|^ witll distilled wi^feand river-water, did not dU^veY 
mwvury in the water after evaporation witemritrie aci^ G irardin also (J. Ohim. m5<i 
ix. 283) found no iBWHUfy in water, which had beefi boiled trith that metal ; ho did 
not, however, mix iiwirii nitric acid before evaporatioif- When water is poured upon 
mercury,,boiled down to one-half, decanted, then left to stand for several days, 
decanted, and thrown upon a thick paper filter, small quantitSes of mercury, sufficient 
to silver gold-leaf, remain on the filter; but the filtrate, when mixed with nitric acid 
nfift eva^rated, shows no trace of mercury. PerUaps the quantity used In the ex- 
periment was too small ; but, at .ill events, the expc'rimont shows Unit iht^ere 
decantation adopted by Wiggt'rs is not suffieient to separate the water frottirthe 
mercury mechahiCally mixed with it; to decide the question completely, cxperiniente 
should be made with large quantities of water. (L. Gmelin, Handhook, 

Hydrochloric acid, even when hot and concentrated, has no action upwraorcufyii,^; 
Hitric acid slowly dissolve's it in the cold ; and, if the acid is in excess, <K>nv<irti' it 
neutral mercurous nitrate. When nitric acid is boiled with excess of inarduM^IW* 
metal is converted into basic mercurous nitrate, which cryMtallises on cooling. * «i » ’■ 
‘ ’ ’ ^ is coftVerted intit* 
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' 0ihuL . ‘ 

l^ury^into the other metal, 

ii^'the solution and Other nletal, 

4;M(t of the^mercury, ' In eioni||yps«« may 

/ means of an amalgam of metal, 

A ^iun^salt is then brined, and is precipitated 

'cti^ and unites with-i^j^ ■ 

htrcduction of varioun^ met^s into solntions o^:aer(m|'y-salts, copper for 
example. In the case of silyer, gold, or platintmv which ^ ndit directly precipitate 
mercury from its solutions, the action must he^ assisted %y immersing a piece of 
zinc or iron into the solution, and bringing it in contact with the other metal, so as to 
form a voltaic circuit : thus a drop of solution of mercuric chloride laid on a piece of 
gold will not amalgamate it ; but if an iron wire or a key be placed in contact with 
the wetted surface of the gold, a spot of amalgam is immediately formed at the 
point of contact. 

4. By placing the metal to be amalgamated in contact with mercury and with a 
^ilute acid* a voltaic circuit being also formed in this case. Thus when a zinc plate 
ip ifIStted with dilute sulphuric a<nd, and mercury poured upon it, the zinc is immedi- 
Aidy amalgamated. 

amalgams are used in the arts. Tin amalgam is used for ‘silvering’ mirrors ; 
,^Al|||||ga^ and silver in the processes of gilding and silvering by heat; c^idmlum- 

copper-amalgams, and an amalgam of tin, gold, and silver, are used for 
'■•WPJta.8 teeth ; an amalgam of zinc and tin, sometimes with addition of bismuth, is 
tH^for coating the rubbers of electrical machines. 

^ Alumini't^m^amal garni — Klauer (Ann. Oh. Pharm. x. 391) found that potas- 
sium^amalgam laid on a lump of alum, decomposed it, the mercury taking up a con- 
siderable quantity of aluminium. Bdttger (J. pr. Chem. i. 305) was not able to 
obtain an amalgam of aluminium in this manner ; and • according to Devillo, metallic 
aluminium is not susceptible of amalgamation. 

„ According to Cailletet (Compt. rend. xliv. 1250), aluminium (also iron and 
platinum) may bo superficially amalgamated by contact with ammonium, or sodium- 
amalgam and water ; also when it is immersed in acidulated water in contact with 
metallic mercury forming the negative pole of a voltaic battery. 

Ammonium -amalgam. See i. 188. 

Antimony • amalg am is said to be formed by triturating 3 pts. of heated mercury 
in contact with 1 part of fused antimony ; or by triturating 2 pts. of antimony in a 
mortar with a small quantity of hydrochloric acid, and gradually dropping in 1 pt of 
mercury. ' It is soft, and is decomposed by contact with air or water, the antimony 
separating in the form of a black powder. 

Ar ienic- amalgam.— HQTgmvLnn states that a compound containing 5 pts. mer- 
cury to 1 pt. arsenic is produced by heating and triturating the two metals together. 

Barium-amalg am may be prepared by the galvanic method, or better, perhaps, by 
decomposing a saturated solution of chloride of barium with sodium-amalgam. It is 
a soft pasty mass, in which a few sandy grains may be felt. It is rapidly decomposed 
by water, and must therefore be kept under rock-oil. 

BUmuth- amalgam , — Mercury amalgamates bismuth even at ordinary tempera- 
tures; btit the amalgam is more quickly formed by pouring 2 pts. of hot mercury into 
1 pt. of melted bismuth. The amalgam, which is* soft at first, gradually becomes 
crystaUo-grani^. Sodium-amalgam in contact yith moist neutral nitrate of bismuth, 
or immersed in a solution of that salt, forms a ;^mpact amalgam, with evolution of 
hydrogen, and separation of black pulverulent bismuth (B ottger). A small quantity 
of bismuth takes away but little of the fluidity of mercury, and is therefore used for 
adtdt^ting that metal ; according to Lucas, however (N. Trommsd. i. 195), mercuiy 
witih only pt. of bismuth forms a black powder when agitated in the 
pt* of bismu^ CQssolved even in 1,200,000 pts. of mercniy may be detected by 
>W’Ad^tion of potasiii^amalgam and water, the bismuth being then raised by the 
action m of a black powder, and attaching itself to the sides of the 

TCMSeli ^erullas^ Aij|u Oh. Phys. [3] xxxiv. 192.) 

%^^admkm-amalgafn . — Mercury combines readily with cadmium, even at ordinary 
'iwMra^res, forming a silver-white granular amalgam, consisting of octahedral crystals ; ' 
bm, brittle, heavier than mercury, and melting at 75°. When the mercuiy is com- 
pletely saturated with cadmium, the amalgam contains 78*26 pts. mercury to 21*74 
pts. cadmium, agreeing with the formula Hg*Cd (Stromeyer), . Sodium -amalgam 
mtzoduced into a solution of cadmium is converted into cadmium-amalgam. (B 6 tiger.) 
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fc^Producedr 'liy the ^on 

‘‘'^mexcuiy; a!ilo, aocoidhigf^ 1 
acittm*B^Ua. #1 

ia j^ ^easily prepared by the 
poch conaidenible quantity of <SDbhlt>o]iiSl 
B^ue)^ an amal^m of 5 pte. i^^uiy, and I pfc i _ 
uolution of cobalt- (ihlOMplhpersatilirttted with ana^nia; pours the liquid a 

few days, and decopiposea it with fresh portions pFainc-amalgam as long a^ any gmi 
is thereby evolved ; and l^tly, removes the excess of zinc bv dilute sulphuric acid. 
The cobalt* amalgivm thus obtained Is sil ver> white, soft and dull ; is attracted by the 
magnet oven when it contains zinc (?), and becomes covered with black, pulverulent 
oxidised cobalt when exposed to the air. 


Bwum-anudfanfi 
Cobalt-a^it^ 
cobalt-solutiniiB^ I 
cipitatevL *l)amo 



popper- amalgam may be formed: 1. By imhiersiug a piece of copper-foil in a 
solution of nitrate of mercury. — 2. By triluratiM mercury with common salt and 
verdigris. — 3. By triturating 2 pts. of mercury, ^of verdigris, and 1 of common salt 
with a small quantity of heated vinegar, which must be renew(»d as it evapomtos, and 
purifying the amalgam by washing. — 4. By mixing 1 pt. of finely-divided coppor-^b-' 
tained by reducing the oxide with hydrogen, or by precipitation from the sulphate by iiiiiGI 
or iron — with a few drops of incTCurous nitrate, and then triturating with 3 pts.ofmenm^," 
a light red amalgam is formed (Berzelius). — 5. Mercury placed in contact with’^e 
negative pole of a voltaic battery, and covered with solution of cupric sulphate into 
the positive wire dips, becomes perfectly saturated with copper (Grove, Phil. 

XV. 83). According to Joule (Chem. Gaz. 1860, p. 339), the amalgam thus obtaincdml 
the composition CuHg ; and the same defiiiito compound is obtained by dissolving 
copper in mercury, and removing the excess of the latter by strong pn^ssure (Chem. 
Gaz. 1850, p. 339). When, however, the pressure is very strong, or is continuea for a 
long time, the resulting amalgam contains more than 1 at Cu to I at. Ilg (Joule, 
Chem. Soc. J. xvi. 382).— 6. Copper amalgam may also bt^ formed l)y treating a solu- 
tion of cupric sulphate with sodium-amalgam (Klauer), or zinc-amalgam (Dam our). 
Sodium-amalgam immersed in a mixture of cupric suipliate and sal-ammoniac forms it , 
reddish or golden-yellow amalgam of copper and ammonium, whicli soon dtK?om|K)seH. 
— 7. A copper-amalgam used by the Parisian dentists for stopping tei th is prepared by 
triturating mercurous sulphate (obtained by heating togetln r 10 grrns. of mercury and 


10 grms. of strong sulphuric acid) and finely-divided copper (obuiinod by precipitating a 
solution of 23-6 grms. cupric sulphate in 10 or 1 2 times its weight of \ 


f water, with metaUie 

iron). The materials are* triturated together under hot water for 20 or 30 minutes ; the 

1 . -x .. *_,i ..f ...., 4 . ...... 1 


water then poured off, and the trituration relocated witli frc'sh (piantities of water as long 
blue colour. The amalgam is thendned, again triturated, then 


as the water exhibits any blue colour. — „ • , 

well kneaded, and formed into small cakes, which become quite hard in 30 to 48 hours. 
The amalgam thus produced contains 3 pts. copper to 7 pts. mercury. An easier mo<le of 
preparing it is to moisten the precipitated copper with solution of mercurous nitrate, 
then pour hot water upon it, and incorporate the required quantity of mercury by tri- 
turation ; the miu^s, which is brittle at first, gradually softens under the pressure of tim 
pestle. 

This amalgam, which becomes quite hard by keeping, is distinguished by the pro- 
perty of softening and acquiring the consi.‘*tmieo and . luHticily of clay bv continued 
pounding or kneuding, and recovering it.s hard crystalline eiianicter when left to itnelr 
for a few hours; it may then be pulverised, (xhibits a granulo-cryslnllino ^^lUre, 
and is hard enough to engrave iq^on tin. Whni heated it swclis up, mi MpitU 
globules of mercury show themselves on its surface, sinking into the nuuuj >0^11 
on cooling On triturating the warmed lumps in a mortur, the amalgam M again 
obtained in the form of a highly plastic almost unctuous mass. Its density is the sanio 
in the soft as in the hard staU*, so that it does not expand or Contw<Jt m hardening, and 
therefore fills cavities air-tight when hard, into which it has been .pwiaed in thaigft 
state It is on account of this prt>perty that the amalgam ui for stopping 


but the copper which it contains renders it decidedly objoctioi^le for that jpui 


It may however, be aavaotagcouBly uaed for sealing botllea, gljip' tabca, ouiaf 

. •^’xt — 1 _a: u,.4»r..vx.o rt/yfir Jiro cttniiot Ihd usod. 


where other plastic substances, cork, &c. ^ 

Iridium-amalgam is obtained as a semi-fluid mass by djlbomposing |^ncen;, 
trated solufton of sodio-iridic chloride with sodium- amalgam. 




Gold-amalgam.--BQQ Gold, Ajxoys of (ii. 927). 


/ron-awfl/oam.— Mercury and iron do not unite re^ily. A viscid amalgam is, 
xvu*x.;.fxa.^ Kv iintnfTHinflr sodium-amaltram containing I ] 


obtained by immersing sodium-amalgam containing I per cent. so<lium in a 
dear satura^ solution of ferrous sulphate. In small globuk-s it is atti^te<i 
magnet, and when slowly heated on a watch-glass, exhibiU the vivid sparkling of 

voL. ia 3 L 
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Imttmw fen^a^iew) ^JSSrarding to Aikin, iwujamalgim iii^fllMfdby tifis acMon 
tfB^wrrotisehlorido ; Kat aecoriing to Dsmonie it cft&not be pfbduced 
^tto vhy. Joule (Chem. Gaz. 1859, p. 339 ; Phem. Soc. J. jW. 87f> hae Obtaiaed 
^.W ma of iroB by the eWctiolysw of a solution of fetiroua su^thates the negative 
rjwtob^ibmed of mercuiy. The following table exhibits lie oomfosition and 
pliysixsil^i^act^^ of the compounds thus produced. > 


No. 

Compoeitio% 

Sf>ecltie 

gravity. 

Remarkf . 

Mercury. 

Iron. 

1. 

100 

0T43 


Perfectly fluid. 

2. 


1-39 


Fluid. 

3. 


2-97 


Semi-fluid. 

4. 


Xl-8 

lVl9 

Soft. 

5. 


18*3 


Solid : colour, greyish- white. 

6. 


475 


Solid ; good metallic lustre. 

J. 

8. 

4 

M 

127-6 

14-74 

79 

10-11 

Solid: frable. 

< The superfluous mercury pressed out from 

»> 


} the semi-fluid amalgam by hand. 

5 Compressed rapidly, and with a force of 


• • 

) fifty tons on the square inch. 

idt 


103-2 


Ditto. 


Lead^amalgam . — See Lead, Alloys of (p. 534). 

Magnesium'-nmalgam . — Magnesium combines with mercury only when heated, 
and forms a solid amalgam, oven with large quantities of the latter (Bussy). — 
2. The amalgam may also be obtained by electrolysis. — 3. By covering potassium or 
3 odium-amalgam with solution of sulphate of magnesium (Klauer, Ann. Ch. Pharm. x. 
’fiO). — The amalgam thus obtained oxidises slowly in pure water, quickly in acidulated 
water. (H. Davy.) 

Manganese- amalgam is obtained by the action of sodium-amalgam on a strong 
solution of manganous chloride. It is viscid, with rough blackish surface, and when 
heated in contact with the air, gives off mercury, tarnishes, is converted into a stiff 
paste, and finally leaves brown manganoso-manganic oxide. 

moke I -amalgam is obtained like cobalt-amalgam. It is solid; is attracted by 
the magnet ; 'decomposes when exposed to the air, the nickel gradually oxidising till 
nothing but mercury is left ; may be mixed with a larger quantity of mercury ; gives 
Up its nickel to hydrochloric and dilute sulphuric acid. 

Osmium- amalgam is formed, according to Tennant, by decomposing aqueous 
osmic acid with metallic mercury ; it is more or less fluid, according to the proportion 
of mercury contained in it. 

Palladium- amalgam is formed by agitati ng the solut ion of a palladium-salt with 
excess of mercury. The amalgam containing Pd*Hg is a grey powder, which, according 
to Berzelius, does not give off its mercury below a white heat. 

Platinum-amalga m . — Platinum in the compact state does not take up mercury, but 
spongy platinum unites with it when the two are triturated together, in a warm mortar, 
or in contact with a small quantity of acetic acid- "The amalgam of platinum is easily 
formed by immersing sodium-amalgam contain^g 1 per cent, sodium in a concentrated 
solution of platinic chloride ; sodium-amalgarj-Tilso converts chloroplatinate of am- 
monium into platinum-amalgam, with evolution of ammonia and hydrogen. The 
amalgam is silvery, and does not give off mercury below a bright red heat. 

Joule (Chem. Soc. J. xvi. 384), by electric deposition of platinum on mercury, baa 
obtained amalgams exhibiting the following composition and characters : 


Mercury. 

Platinum. 

Specific gravity. 

Characters. 

100 

15-48 

14-29 

Metallic lustre where rubbed. 

>1 

21-6 


Solid. Dark grey. 


34-76 

14-69 

Dark grey ; no metallic lustre. 


An amalgam of 12 platinum to 100 mercury has a bright metallic lustre, and is soft 
and greasy to the to\ich. Pressed with a force of 12 tons to the square inch, it leavea 
a hard button of dark grey amalgam containing 43-2 pts. platinum to 100 mercu^. 
Joule infers from these results that the solid amalgam of platinum containing tho 
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hage^. quantity of mercuiy has the composition PtHg*. A thick pas^ amalgun of 
platinum may be obtained by ex{K>8ii^ mercury for some time to the acuoa of ^tlnie 
chloride. 

Potasiium-amalgafn. — 1. The two metals unite even at ordinary temperaturetli 
the combination being attended with great evolution of heat (H. Davy). % Whin 
mercury is placed in a cup connected with the ne^tivo pole of a voltaic battery of at 
least 20 pairs, and covered with a strong solution of p<)tash in which a piece of 
hydrate of potassium is immersed, and into w'hich the positi^ wire dips; the mercury 
takes up potassium (Berzelius). 1 pt. of potassium forms with 30 pts. of mercury 
an amalgam which, after cooling, is tolerably hard and brittle; with 70 pt«. mercury 
it likewise forms an amalgam wliich is solid at ordinary temperaturt's, but with more 
than 70 pts. it forms a liquid amalgam (H. Davy). According to Gay-Lussac and 
TJienard, the amalgam is solid and crystalline when it contains from 70 to 96 pts. of 
mercury to 1 pt of potassium, but liquid when the proportion of mercury amounts to 
140. According to Bdttgor (J. pr. Chem. i. 303), the amal^m is ptirfectly solid 
when it contains 100 pts. of mercury to I pt. of potas-sium; with 140 mercury, it is 
very hard ; with 180 mercury, friable and partly crystallised ; with 200 meroury, viscid. 
The amal^m crystallises in cubt's (Berzcli us and Pontin). The solid amalgam 
fus^s when slightly heated. It giv(vs olT its mercury below a red heat (H. Davy). 
When exposed -to the air or immersed in water, it is resolved into mercury and lupieous 
potash, hydrogen gas being slowly evolved ; a similar change is j)i*oduced by aqueous 
.acids. In contact with moist ainmoiiiacal salts, it is resolved into a potassium-salt and. 
ammouiacal amalgam. It easily gives up its mercury to iron and platinum. ,^(H. 
Davy.) 

Silver-amalga m.—k native compound of mercury and of silver, called ‘amalgam ’ 
by mineralogists, and having the eompo.sition Ag'GIg'^ or Ag'Hg*, is found crystalliscMl 
in octahodron.s, rhombic dodecaln'drons, .and of her forms ol flu» regular syst em, with 
dodccanodral cleavage in traces; also massive. llardne.Ks =: 3 to .3 o. Specific gr.ivity 
.r- 10*5 to 14. Colour and stro.ik silver-white ; opaque; fracture conehoj.l.il ; brittle, 
and gives a grating sound when cut with a knito. Kluprut li found in aiualgarn from 
Moschcllandsl)erg in th (5 Palatinate, 3fi per cent, silver and fil mercury, agreciiig 
with the formula Ag-' llg'^ JI oyer, on the otlnr hand, fouml in aimtlgam fnati tlie 
saino !(»cality, only 25 per cent, silver, agreeing with A;r l!g‘* ; and a specimen from 
Allemont in I)auphin6, analysed by Cordier, exliibite.l nearly the K)unu eomi«»HitioM, 
'-iz. 27*5 per cent, silver. Amalgam also occurs at le'.sonau in lltmgary, S;ila lu 
Sweden, Alrinuleti in Spain, and in Chile. A native silver amalgiim Arqmnt^ , 

occurring in crystals at Anjueros, Chile, contaiiiH, according to l)(imeyko, 13-5 per cent. 

silver, and 8fi i) mercury, giving the formula Ag'GIg". i . n, . 

Mercury is taken up by silver slowly at ordimiry lemperatun'S, but rpnekly when the 
met4il, in the form of athiii lamina, oriii powd(rr, is introiluce<l at a red heat intp hea 
luereury. Metallic mercury immemd in a solution of Hilvi r-nitrate pre<*ipitatcs the 
silver in the form of a crystalline amalgam, called asilvertree, Arhur haute lh« 
sirver-solution slmiild bo somewhat acid, and not loo much concentiated. 
silver-amalgum ^s formed by the action of sodium-amalgaiu on a strong solution of 

^^^Ar^ficiM silver-amalgam varies in chanicter, according to its coiufKisition and tho 
circumstances of its formation, being sometimes a soft, or 

sometimes consisting of ramifiealionH of prismatic crystals placed end to end. Jou o 
SXt the amalgam most readily formed by the m-tmn of mercury on n it rate of 
silver Ins rtiravLge, the corniafsition Ag^Jlg. When the judion is assmted by 
makdng the mercury thLegative i>!do of a voltaic battery, ama gams neher .n si ver 
are obtained Tho mean composition of tho amalgam, after being subjec.hid to a 
pressu^of 72 tons on the squa^inch, was 4371 silver to 100 mercury, com- 

bination of mercury and silvVr is atUmded with a consid.^able contriuitiori of volume. 

8odiumramalgam.^^\iMm combines rapidly with mercury at ordinary tomj^r^ 
To combination being atUmdod with a fiisHing no.so and vivid conibustwtt 
fOav-Lussac and Th^nard, Rrcherches, i. 246). A piece of sodium forcibly tlirowD 
(Uay 1.U8 thn veHHcl witti explosion, in winscqui'neo of the greiit 

upon mereut% ch, Phye. [2] xL 328). To fonli tho amslgam, tlio 

heat morhir fitted with a .xiTer, and tho 

/.mhustion i« over (Ilottger). Tb. 
mixpro >™™*;*'* , J morctiry. When it containa 30 pts. of mercury to 1 pt of 

rf. : SSiL" "tit s 
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mercury and 1 of sodium form a (X)mpound which exhibits a confused mystallins 
structure (Gay-Lussac and Th^nard). 80 pts. mercuiy to 1 sodium: pasty at 
21® (Bottger). 86 mercury to 1 sodium: a mass containing numerous small 
granular crystals (Gay Lu 8 sac and Th^uard). 100 mercury to one sodium: 
viscid, and consisting of a solid and a liquid portion (Bottger). 128 mercury to 
1 sodium: liquid (Gay-Lussac and Thenard). Sodium-ama^am exhibits the 
same reactions as potassium-amalgam. It likewise amalgamates iron and platinum 
(H. Bavy). It decomposes the salts of barium and strontium, and many heavy 
metallic salts, when a small quantity of water is present, the product being a compound 
of mercury with the heavy metal (Bottger, J. pr. Chem. iii. 283). It is now much 
used as a reducing or hydrogenating agent for effecting tlie substitution of hydrogen 
for chlorine, bromine, &c., in organic compounds. • 

Amulgam of Potassium and Sodium . — 5 pts, potassium and ^ pt. sodium mell(^d 
together by heating them under rock-oil, form an alloy which is fluid like raercury^ut 
9°, but wlien brought in contact with 100 pts. of mercury, unites therewith into a 
very solid mass. (Bottger.) 

StTontium-‘amal gam , — Prepared like that of barium, which it resembles, but 
decomposes more quickly under a mixture of the solutions of chloride of strontium and 
chloride of calcium, as well as under water. When exposed to the air for eight or ten 
hours, it is converted into carbonate of strontium, with separation of mercury. 

Tellurium -amalgam — Mercury and tellurium are said to unite directly, form- 
ing a tin-coloured amalgam. 

Thallium- amalgam . — The two metals unite readily, forming a crystalline 
amalgam. (Crookes.) 

Tin -amalgam, — Mercury and tin unite quickly, even at ordinary temperatures, 
still more quickly on pouring mercury into melted tin, A piece of tin, the lower end 
of which is immersed for four weeks in mercury, is pen(‘trated through and through 
by the mercury, and exhibits cracks ; its lower end becomes attenuated by solution of 
the m<*tal, and the immersed part is found to bo covered witli six-sided tables, some 
i)f wliich float about in the mercury. If a square bar of tin, whether east in a square 
form, or liaiurnered or filed square from a round bar, be kept for a few days under 
mercury, it splits in directions proceeding from tlie lateral edges to the opposite 
diagonals, thereby dividing itself into four triangular prisms, easily separated by a 
knife ; at the same time, a four- sided pyramid is formed at each end of the square bar. 
If the piece of tin has any other form, cracks are produced in other directions 
(Daniell, J. of Roy. Inst. i. 1). Sodium-amalgam immersed in a concentrated solu- 
tion of stannous cliloride, yields a viscid amalgam of tin. (Bottger.) 

Tin-amalgam has a tin -white colour; and if the mercury is not in too great excess, 
is brittle, granular, and according to Daubenton. crystallises in cubes. 

Jin<l SnIlg do nut fuse till heated above 100®. (Regnault.) 

Sn»Hg has at 26® a specific gravity of 8-8218; Sn'-'Hg, 9-3186; SnHg, 10-3447; 
Snllg”, 11 3816. 1 vol. of tin with 1 vol. of mercury forms an alloy whose specific 

gravity at 27° is 10-4729 ; 1 vol. tin with 2 vol. mercury, 11-4646; and 1 vol. tin with 
3 vol. mercury, 12 0257. In most cases, therefore, condensation fakes place ; in the 
single instance of 1 vol. tin to 2 vol. mercury, however, this condensation is scarcely 
perceptible. (Kupffer, Ann. Ch. Phys. [2] xl. 293.) 

The compound obtained by fusing 4 pts. of tin with 1 pt. of mercury, yields, if pul- 
verised after cooling, a kind of mosaic silver, which, when rubbed on the polishing- 
stone, acquires the metallic lustre. The silvering <Jf mirrors is likewise an amalgam 
of tin. ' 

Joule obtained beautiful crystalline amalgaf^ by making mercury negative in a 
solution of stannous chloride. The amalgam containing 100 mercury to 61 pts. tin, 
had a specific gravity of 10*618 ; that containing 100 mercury to 441 tin, a specific 
gravity of 10-94; hence the combination is attended with contraction of volumes. 
The amalgam of tin is decomposed by pre.s8ure, the mercury left after long-continued 
high pressure having a volume little more than one-eighth of the entire mass. 

An amalgam of tin and bismuth is obtained by molting together 2 pts. of tin, 2 pts. 
of bismuth, and 1 pt. of mercury. 

An amalgam of 2 pts. tin and 1 pt. cadmium is used for stopping teeth. The two 
metals are melted in an iron ladle, slightly warmed ; mercury is adfded ; the whole 
is poureil into an iron mortar, and rubbed with a wooden pestle, till it acquires a soft 
buttery consistence ; and the excess of mercury is squeezed out through leather. The 
residue iC almost granular, but becomes soft and plastic ^when kneaded by the hand. 

An amalgam of tin and lead may be formed by introducing an alloy of the two 
metaU ihto mercury. 

Amalgams containing tin, lead and bismuth are described under Lxad (p. 537). An 
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smalgam of 8 pts. bismuth, 5 lead, 3 tin, and 7 or 8 mercury is recommended hf 
Brame for coating the rubbers of electrical machines. 

An amalgam of tin, sil rr and potd is also used as a cement for the teeth. It it 
prepared by melting toejetlier 1 pt. gold and 3 pts. silv«‘r, adding 2 pts. tin to the 
melW mats, pnlven.sing the resulting alloy, and kneading it together with an equal 
weight of mercury. 

Zinc-amalgajn.-'When zinc-filings are triturated wnth mercury, at oMinary 
temperatures, combination takes place .slowly ; at a liiglier temperature still somewhat 
under the boiling point of merciirv, the metals combine easily, ami still more readilv 
when mercury is mixed with melted zinc. A bar of zinc, ininuTscd to halt Us length 
in mercury for ten days, becomes pointed at bottom, and eovered, especially on the 
upper part of the immersed end, with .six-sided taldes ot the amalgam (^l)anielu. 
When zinc is placed in contact with mercury ami a dilute acid, a galvanic action is set 
UP (ii 420) and the zinc beeoim\s eovered with mcivucv, wliich then ]H'm*trates into 
the interior,’ and converts the whole of the metal into an amalgam. As soon as the 
zinc is complet^dy eovered with merenry. tlie evolution of hydn.gen ceases; hut it 
begins again on bringing the amalgam in contact m it h iron, copper or platinum, to 
which metals the mercury is then traustcrrcd ( Doborci ncr). Sodinm-aiiMlgam 
immersed in a concentrated solution of sulphate of zinc, forms a vis.ml amalgam of 

^"ihe imalgam is usually prepared by cooling melted zinc to as hm' a ^ 

itwiUb^^ar^thont solidifying, and then pouring in tlio mercury in a < 
keeping the liquid constantly stirre.l. It this precati ion be neglee cd pi rt of the 
mercury is converted into vapour, sometirm*s throwing the melted im'tal aliout. 

; K;r.s'4^'. r;;:"::™? >” 

of «Ki but not (.mv off n».m,ry till rniw.i to „ „Khor tomporalnro. At » 

dull red boat it do<T..pitnt..H elron^ly; al a Mr-u.K.-.- n d l.oai, if baruH w.tli 



hvliwhiorip't.o'»^'l on^ir^ slowly. Amn.oni.. sn.l K.t..inniioio.i|. ;ilw, .li.w.li-o nut 

nyurof nloric i r ,, /in.'-innli'inn immerseil iii I u' soliitu'ti of a 

J. pr. in nierourv, eix-sidod biiniinn oontainiiiK 2 pta. rinc and 6 

o.s„..,i....a 

in contact with the air ^ hydropen. When ^Inc- 

Zinc-amalgaiu iiriim rseo in cau \ ..nd <1 crystal of a nitrate is placeil 

amalgam is immersed in **‘>"'‘''’j;’,y7’'rd on tile siirfaee of the ani.ilgain, eonsisting 

. 1 :. •»-. ' - - 

HoX by the eleftro^Fmfthod.' ha,' obtained amalgams of r,ine having the following 
composition and properties ; 


Mercury. 

100 


Zinc. 

30-4 
122 8 
134-9 


SjMTific uravity. 


1131 

K-935 

8-349 


White and crystalline. j 

Prepared from hot sulphaf e of zincj 


I of thp first of thc.sn amalgamM indicates a certain cmitraction of 

iow'^tre «py-\oVcom,msei^ “•> 
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MBRCintY, ARSBirXBS OF. Boa page 886. 

MXSBCVBT, BROMZDS8 OF. Mercury forms two bromides, distinguished 
as mercurous and imrcuric. 

o. Meronrous Bromide. (Ilg’V'Br^. — This compound is formed: 1. By 
subliming an intimate mixture of 1 at. mercury and 1 at. mercuric bromide (Lo wig). — 
2. By precipitating mercurous nitrate with jiqueous bromide of poUissium (Balard). 
When prepared by the first process, it forms a fibrous mass (Lowig); long needles 
which are yellow while hot, but become whitish on cooling (0. Henry, J. Pliarrn. 
XV. /)6). By (2): white powder (Balard); yellowish-white flakes (O. Henry). 
Specific gravity 7-307 (Karsten). It is tasteless and inodorous; fusible, and vola- 
tilises undecomposed at a low red heat. 

When heaUd liJtosphorus, it is resolved into bromide of phosphorus and phos- 
phide of mercury (Lowig). Treated with cold aqueous ammonia, and. then wasned 
w’ith water containing ammonia, it leaves a grey powder, which contains globules of 
mercury, and when heated, gives off ammonia, and yields a sublimate of mercury, 
mercurous bromide, and mercuric bromide (Ilammelsberg). With caustic potash, it 
yields mercurous oxide and bromide of potassium. When boiled with aqueous 
or chloride of ammonium, it yields a solution of mercuric bromide, with a residue of 
metallic mercury (Lowig). It is not perceptibly soluble in cold carbonate, chloride, 
or succinate of ammonium, while the same liquids, when hot, dissolve it with tolerable 
facility, leaving, however, a grey-pulverulent residue [metallic mercury] ; it is not 
perceptibly soluble in sulphate or nitrate of ammonium, even at the boiling heat. 
(Wittstein.) 

Blercuric Bromide. Hg"Br’'.— 1. Mercury unites with bromine at ordinary 
temperatures, forming this compouml, the eombination being attended with evo- 
lution of h(5:lt. but not of light (Balard). — 2. The same compound is formed by 
agitating mercury with water, adding bromine as long as its colour is destroyed, then 
boiling, filtering, and leaving the solution to crystallise, — 3. By dissolving mercuric 
oxide in liot aqueous hydrobromic acid, and leaving the solution to crystallise. — 4. By 
.subliming mercuric sulphate with bromide of potassium (Ld wig). The sublimate 
contains also mercurous bromide (0. Henry). — 5. By mixing aqueohs mercuric 
nitrate with bromide of potassium, evaporating as long as bromide of mercury 
crystallises out, and purifying the product by solution in alcohol. The mother-liquid 
eva|)orated to drynes.s leaves a residue, from which boiling alcohol still extracts a 
small quantity of the compound. (Lowig.) 

Mercuric bromide crystailises from the aqueous solution in soft, silvery laminm; from 
the alcoholic solution in white needles (Lowig.) According to Hand I (.Tahresb. 
1859, p. 226), the crystals are rhombic prmms, ooP . oP, cleavable paralld to oP, 
and having the angles ooP : coP = 68^ 24' and 111° 26'. They are isomorphous 
with sublimed mercuric chloride. The product obtained by (5) has, after drying at a 
strong heat, a specific gravity of 5 9202 (Karsten). Mercuric bromide melts and 
sublimes when heated. It dis.solve.‘< in 94 pts. water at 9° (Las.saigne) and in 
4 pts. of l)oiling water, the greater part separating a.s the liquids cool. Tlie aqueous 
solution reddens litmus. It di.ssoIve8 very easily in alcohol^ still more in ether. 

With phosphorus it forms bromide of phospliorus. Heated with antimonif or 
arsenic, it gives up its bromine. Its aqueous solution exposed to sundight, or placed 
in contact with mercury or copper, or mixed with cuprous bromide dissolved in hydro- 
bromic acid, deposits mercurous bromide. With4i small quantity of sulphydric acid 
it yields a white, and with a larger quanMty a black precipitate (6. Bose). 
With ammo7iia it forms a white, with fixed ^^dkalis a yellow precipitate (Lowig). 
Hypochlorite of sodium added to the solution throws dowri mercuric oxychloride 
(Rammelsberg), and hypochlorous acid converts mercuric bromide into mercuric 
chloride and Ijromate, the action being attended with evolution of chlorine and bromine 
(Balard). Heated with nitric or sulphuric acid, it gives off vapour of bromine 
(Bal ard); btit according to H. Rose (Analyt. Chem.) it is not decompose^ by 
sulphuric acid. ^ 

Douhie Salts of Mercuric Bromide . — Mercuric bromide unites with tho 
more basic metallic bromide.s, forming easily soluble double salts (called by Bonsdorff, 
bromohydrargy'rates), losing thereby its power of roddeuing litmus. Those con- 
taining the bromides of the alkali-metals are crystallisable. 

Ammonium-salt. — Mercuric bromide dissolves abundantly in aqueous bromide of 
ammonium. Alkaline carbonates added to the solution throw down bromide of dimer- 
eurammonium. (Lowig.) 

The Aanam-so/f crystallises in highly lustrous prisms, which deliquesce in moist 
air. (Bonsdorff.) 

Calcium-salt. — A solution of bromide of calcium saturated with mercuric bromide 
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Yields by spontaneous evaporations, ■ nt first tetrahedrons snd ^tahcdrons, which hate 
a strone lustre, are permanent in the air, and are decomposed by a small quantity of 
water but dissolve completely when heatisl ami crystallise out iqram on twling- If 
the evaporation be, carried further, prisms or needles are obtamwl, which deliquesce 
Aven in dry air. (Bonsdorff.) 

The iron-salt [? ferric or ferrous] forms yellowish very deli.iuoscent prisms. 

A solution of mercuric bromide and bromide of masmwum 
views'^ bv evaporation over oil of vitriol, first broad thin lamtnie. permanent in the air 
and piobably^ontaining MgHg='llr*?, then very deliquescent crystals contammg 
MirHeBr^ iHonsdorlf.l 

The ^naiwa»esr.mlt crvstatlises in light red very hygroscopic prisms. 
PotaS-.se/ts.-A solution of the salt Kllg'dif or Klir.l g Hr- is obtiiimsl bv 
a cold moderately conconlrate.l solution ot liromulo of potns.sium witli 
meJ^^ic^bromide, in anhvdoms vdlow octalicdix.ns (Loa ig), in flal rlionibic prisms 

needles, partly in rhombic prisms, and dch- 

qu^es in m-'ist air. „ ,j . i„ „„icr in all 

Slr<,»tmm.saUs.-a. -P y solution of 1 iil. bromide of siroiitiimi 

proportioiis. ^ ^ .',00 .3 at. merenrio liromiths and tlio snlutiou 

LVeXg dT;,^tstu, meVcuric bromide and then yields small crystals of the salt fi. 

crystallise, in prisms and tables deliquescent i,« moist air. 

CHIOMDUS or. Mercury forms two chlorides, iim.logous to 

.th^r ^ Chloride (Ifg’V CH —/fnniMoriilr, Dh hioriih’, Siihchli:ni!i', I'n’to- 

Mereuron* CWortdo. (,iig ) Q.„:i-s,lh,rnxi/,/ii/, ^rmsslrr 

ProlocUoTure df Inm-oiiH'-dlrfr. in ditiietric crystals exhibiting iho 

This compound q^r'.ls, with ->sl’ , I’« h'kI "I*- 

combination C . . . hk« fi^-re^ < ,,,,s 'tm'^ 7' , in the lateral 

of principal axis - 1 74* , i „nd gramibir. lliirdiiess » 1 to 

,.dgcs - 13.^1° 66. hVsT dirty wbite colour and adamimtine Instm, 

2. Specific gravity = 6 181- If 7" , . Fracture conchotdnl. 

yellow when XiThell iLshcra in the I’alMiiniitc, also at the qnick- 

silver mine* of Idria and Almai c , • • combination of mercury and 

Mercurous chloride is . *• ^ ,,,.i,.klv at tlic boiling liciit of rneronrv. 

chlorine, slowly at onlinury ,,,.ii,‘,wisirred tliimc, and mercuric chlorido 

the combination being then attend d with 

being likewise <^"7"7,I^i?re,,m acid and other reducing agents on niereunc cliloride. 

3. By the action of sulphumus 7; . f f,,^ric chloride, the net ion being accelenitisl 

4. By atptaf'"8™®r™7'7'^rirr!ea< id By the nelioti of hydrochloric acid on 

by t^e- presence o free salt with a soluble clilortdc. 

mercurous oxide, or by pro p ^ fnrm ckIW oalnmol, is ex- 

Prgmrnf/eti—Mercnrona oh ondc >^7’’;; Pj,,^l j,, ,,rj. „r in Iho wed way. 

tensively used in med»oino_ I ' - J . ^ .^t.) of rmTcnnc rhlonde with 3 pt.s. 

/n alcohol, ,ind the tntu- 


Prgmrnf/eti—Mercnrona ch ondc P j,, ,,rj. „r in Iho wed way. 

tensively used in medicino_ I ' - J . ^ .^t.) of riKTcnnc rhlonde with 3 pt.s. 

(1 •t.)ofmercuty, thc mixtiire t_ flniditv-then gradually heating th« 

ration continued ''U ™'7„?tit «„t,limca. A large [Kirt ion of the merenric chloride 

Tsy ~bLtnJ”n -T-' P«"* 

Hg»SO‘ + 2KaCl - Na’SO* + Hgb^l', , . . 
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hoate the ^suiting mercurous sulphate with an equal weight of common salt till a 
sublimate IS obtained.— 3. By deadening 2 at. mercury with 2 at. common salt’ and 1 
manganese, and heating the mixture to sublimation with 2 at. sulphuric 

Hg' + 2NaCl + MnO^ + 2IPSO* = Hg'Cl- + Na’SO' + MnSO* + 2H'0. 

4. By to’turating mercury with common salt, ferric sulphate, and a small quantity of 
mtter, till the metal has lost its fluidity, and subjecting the mixture to sublimation. 
(Schaffhautl). Ann.Ch.Pharm.xlin.25.) The basic ferric sulphate, often occurring 

as a waste product, may lie made available for this process ; a small quantity of ferric 
probaWy™'^ ®“hlime together with the calomel (Schaffhautl). The reaction is 

Fo^CSO')’ + 6NaCl + Hg“ = 3(Na^SO<) + 2PeCP + Hg’CP. 

Tha ralomel set free in the form of vapour by either of these processes (1—41 Is 
either allowed to collect in the form of a dense, fibrous sublimate, and the product 
« y bvn ^ the calomel vapour is cooled under such circumstances that it 

solidifies in the form of a soft powder instead of a solid cake. This object is attained 

tTnl‘"ifto “l"** the calomel 

to pass into a chamber into which vapour of water i.s injected on the other ^e 

Actwding to the process now adopted in this country, on the other hand, the calomel 
or the in^edients from which it is prepared, is heated in a cast-iron cylinder 2* feet 
long and 1 foot wide, one end of which is provided with an opening serving to intrwluce 
and remove the materials, and dosed during the operation, while the other end ter- 
minates in a contracted neck which opens into the upper part of a brick chamber, 

4 feet long and broad, and 6 feet high. In this chamber the calomel condenses in 
the form of a soft powder. As the iron of the tube decomposes a portion of .the 
calomel, a sma 1 quantity of mercuric chloride is added to the mixture (Calvert 
J. Pharm. 3] iji. 21). Soubeiraii (J. Pharm. xxix. 502) adopts the sameproctf 
excepting that he heats the materials in an earthen retort, and u.ses a large earthen 
vessel as a condensing chamber. The pulviriileiit calomel obtained by either- of these' 
proees.ses is washed with a large quantity of warm water, or a small quantity of *' 
Hminat corrosive sublimate with which it is usually cem- 

G In the wet way.~\. By precipitatmg a warm dilute solution of mercurous nitrate 
wi Ii excess of common salt or sal-ammoniac, and washing the precipitate thoromrhlv ‘ 
with cold water The calomel obtained by this proces.s, first propo.sed by Scheele^ 

IS in the fonn of a remarkably fine powder, and ha.s consequently somewhat more 
active nuMlKunal properties than the ordinary preparation. Its mo^ energetic attion 
may perhaps be partly due to an admixture of basic mercurou.s nitrate, or mercuric 
oxide, which, according to Buchner. Mialhe, and others, are sometimes found in it 
J hiH admixture, however, do<«s not occur if the solution of mercurous nitrate be lawroly 
dduted, and, it necessary filtered, before being mixed with the soluble chloride, ^n| 
if the common salt or sal-ammoniac be added in excess, and the liquid heated for 
some time in contact with the precipitate. To the same end. Sefstrbm, Geiger 
and Traut we in (Report. Pharm. xi. 72; xii. lo5) recommend that a 
acid be add^ to the mercurous solution before^ mixing; and Chenevix ai^iseT^e 
addition of hydroch one acid to the solution of common salt. In that case however 
t.ie liquid must not be heated so much, as, otherwi.^e, part of the calomel will U 
dis.s(jlved in the form of niercuric chloride. According to Durn as, the calomel obtinniiC 
by the use of common sidt always contains more or'les.s of that sub.stance, and can Jt “ 
be freed from it by washing; the presence of th^alt renders the «domel thus prepared 
“I’ sublimation; but Mialhe (J. Pfaarm xxii 
686) found only traces of common salt, and no' difference in the solubility -2 Sul- 
phurous amd gas, evolv^ by heafing sulphuric ncid with charcoal, is pas^d 4nto a 
solution of mercunc chloride saturated at 60° The reaction is as follows : ^ 

2HgCP -»■ 80=^ + 2IPO = Hg=cr- + 2HC1 + H'SO*. 

contains a certein quantity of undecomposed mercuric chloride, 
and therefore, still ^ves a precipitate of calomeLwhen heated with sulphur^ur^d 

Pharm. xc. 124). According 

(i6*d xcvi. 325), the decompositi^ is almost complete in the first instance 
the solution IS sufficiently dilute (1 pt mercuric chloride to 80 water) and tSe liomd 
saturated with sulphuroii.s acid is heated for some time to 70" or 80» Cal^S 
requires a product of 84 per cent. ; experiment gave 84-6 per cent ' 
JmjnmtueandAduUrrahoM.—l. Mercuric Moride : Cold water or alenhni 
With the powder for som« time and,then filtered,' tiirne Cwn 0^170 add^l®'^ 
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sulpbydric acid, dec. 2. Basic mercurous or ntercuric nitrates: Red fumeu eTolved 
on beating the substance in a flask or tube till it sublimes. 3. Metallic mercury: Orey 
colour ; globules of mercur}' discernible under the microscope. 4. Pounded hcaty spar 
and similar impurities remain behind on sublimation. 5. Gum and other cirgauio 
substances ; Empyreumatic odour on the application of heat ; solubility in water or 
alcohol, &c. 

Properties . — Sublimed calomel crystalliseH in dimetric forms like the native mineral, 
but the prisma are generally unit^nl in fibrous masses. Sj;MK*ifio gravity of the artificial 
product, 6‘9920 (Karsten); 7110 (P. Boullay). Vapour-density, acconling to 

Mitscherlich’s observation, 8 35 ; by calc, for HgCl. 8 25 ^ -cr ^ x 0 0093^. 

It is dirty white, translucent, and has a very high refractive and dispersive power; it 
i^uires a transient yellow colour when heated in the state of powder. PrecipitatiHl 
calomel is a white, heavy powder, with a ting<* of lenion-y«'llow. (■alomel volatilises 
below a red heat, witliout previous fu.sion. According to Faraday, it does not volatilise 
at ordinary temperatures. It is fasteh‘.><s and inodonms, and may be r(‘gnrded as miite 
insoluble in water ; for. a<'eurding to PfatT, a perceptible precipitate is pro(btc<‘a in 
a solution of mercurous nitrate by hydrochloric acid diluted with 25(MM)0 pts. of water. 

Pcarmjym/iofis, — 1. Calomel becomes dark gn*y on exposure to light. — 2. Heated 
in a current of jihosphtrus-vapour, it yields phospijife of merenry ainl tricliloride of 
phosphorus (11. Davy). 3. When In'ated with a small qnajifity "f sulphur, it yields 
cinnabar and mercuric chloride ; with a larger quantity of sulpluir, tlu> products arc 
cinnabar and chloride of sulphur: 

Hg-CP 4- S ^ HgCP -t HgS 
and Hg*Cr* -f - 2HgS 4- S'Cl’' 


4. When imnnu’sed in cohi aqueous sulphurous acid, it turns grey, and in the same 
liquid at the Ijoiling heat it becomes greyish-black, from loss of chlorine. In this 
greyish-black powder, no metallic nuuviiry can bo di.scovered with the lens; hut when 
heated, it is rcsolvi'd into calomel and meUillic mercury ; it is probably, therefore, a 
snbchlorido (A. Vogel).-- 5. (.’alomcl gives up its chlorine to many metals, l»oth in the 
dry and in tlie wet way. On boiling it with copper and water, a gn*en solution is 
qtnekly formed, and the copj>er becomes covered with a black film, from which hy<ln)- 
chloric acid extracts cufiric oxide, leaving a. residue of nn tallic merenry (A. Vogel, 
J. pr. Cheui. viii. 107 ).- 6. Hy aqueous stann^ais chloride, it is nsluced to the metallic 
stHt<‘, after some time at ordinary temperatures, hut quickly on boiling (A. Vogel, 
Kastn. Arch, xxiii. 78).— 7. Witli /r/.va/y>;/iV/c {mimral kermcs)or prntasulphide of an- 
1inujny, \t is gradually convertexl into iilaek sulphide of mercury and tricliloride of 
lyitimony.— 8. Calomel triturated with iodine and water, yields menniric chloride, 
wliich dis.solves, and mercuric iixlide, of which tlio water takes up a small portion. 
.^Planche and Souberaiii, J. Pharm. xii. 051.) 

Hg’CP 4 « HgCP 4 HgP. 

^ d: .Calomel digested in a<pieous solutions of the iodides of the alkali- met ah, mnffnesium 
yields dark green mercurous iodide, and an aqimoiis metallic clilorido. 
The mercurous i<xlidc thus produced remains ur)cli:mge<l for a long time in tliejlark ; 
bu^ when exposeil to light it first hocomes yellow', and then red from Iomn ofinercury — 

iUiirs. into a black-brown liqni^— gives off mercury and mercuric i'slidc ami loaves 

residue of metallic chloride, together with the oxcess of met.allic imlido 
employed (Labourd, J. Pharm. iv. 329). 10. Hot n/.Vtc mW di^solvon calomel, with 

evolution of nitric oxide gas, forming a solution of mernme chlorid*- and mercuric 


nitrate : 

\ 3Hg’CP + 4H50» == 3HgCP 4 3lTgNO’ 4^1^0 4 NO. , 

Co\A sulphuric acid neither dissolves nor decompo'ses calomel, even after a longtime ; 
but hot sulphuric acid dissolves it (the liquid solidifying to a white saline mass on 
cooling) giving off sulphuixms anhydride, yielding a sublimate of mercuric chlonde. and 
leaving a residue of mercuric chloride mixed with mercuric sulphate. (A. V ogel.) 


Hg'Cl* + 2H’SO< = HgCP 4 HgSO* 4 80* 4 2H-0. 

11 CalOTiel immersed in nqneone kydrocyanU aM in<-t«nic Tnnrciir 7 and » 

liquid which contains cyanide of merenry and hydrca-lilonc acid (.Sc heel. •, ( puec. n. 
196) Part of the calomel, however, remains nrKlecoirf.os.d, ‘.r, nt least, uinIiasolTcd, 

even when an e*cess of hydiw-yanic acid is present ; the iiclis oh^l le-rte.ii is not 

metallic mercury, hut a black j-owder which, when heiii.-d. gives ..ff c il.,mel iHis.iir, 
toRcther with a small quantity of la rroai ent gas( and leaves a carb.«ificeous powiier 
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(Soubeiran, X Phairo. xr. 523). The decomposition by hydrocyanic acid must there- 
fore be more complicated than that which would be expressed by the equation : 
Hg^CP + 2HCy = Hg + HgCy* + 2HC1, 

and deserves further examination ; to the medical practitioner, it is important to know 
that the mild substance calomel is converted by hydrocyanic acid into a compound 
which acts so violently as cyanide of mercury. — 12. Calomel heated with fixed 
alkalis y yields mercury, oxygen gas, and a chloride of the alkali -metal : 

Hg^(^l' + 2KHO = 2KC1 + Hg^ + H^O + 0. 

By aqueom fixed alkalis it is converted into black mercurous oxide, a chloride of the 
alkali-metal remaining in solution. Calomel likewise blackens when immersed in aqueous 
ammonia, not, however, by conversion into mercurous oxide, but into chloride of mer- 
curosammonium (NH41hg)Cl. The .supernatant ammoniacal liquid contains a smaB 
quantity of mercury in solution. Carbonate of ammonium colours calomel grey and 
quickly dissolves it, with the exception of a small grey residue of metallic mercury. 
Carbonate of inoAjnesium exerts no action in the cold, even in the presence of water ; 
but at the boiling heat, carbonic anhydride is evolved, mercury separated, and a solution 
formed, containing mercuric oxide in combination with magnesia (Buchner, Repert. 
Pharm. iii. 31 ; iv, 289). According to A. Vogel, Jiin. (Repert. Pharm. [3] i. 34), 
calomel heated with water and carlmnnte of calrium (or magnesium) is converted into 
mercurous (and mercuric ?) oxide and metallic inerctiry, carbonic anhydrid.^ being 
evolved and eliloride of calcium formed. The carbonates of barium and strontium 
act in a similar manner, but not so strongly. When calomel is boiled with pounded 
gyfsvm, chloride of calcium and mercuric sulphate are formed ; a similar effect is 
produced by boiling with sulphate of sodium. — 13. By aqueous vapour and boiling 
water, calomel is partly convert«*d into metallic mercury, or into a grey comjX)und of 
calomel with excess of mercury and soluhle mercuric chloride. — 14. Boiling hydro- 
chloric acid quickly converts calomel into mercuric chloride and metallic mercury. 
On the other hand, when w'ator containing hydrochloric acid is boiled in an open 
vessel with calomel, the calomel is completely converted into mercuric chloride, without 
separation of mercury. 

Chloride of potassium, chloride of sodium, and especially chloride of ammonium^ 
convert calomel into mercuric chloride, and unite with the latter forming double salts. 
Hence calomel should lU'ver be pre.scribed for internal use in conjunction with either 
of these alkaline chlorid<*s, especially sal-ammoniac. [ I' or further d^'tails relating to 
this andothcT reactions of calomel, see Gmelins Handbook, vi. 48-53.] 

Compounds of Afercurous Chloride. — o. With Ammonia- 100 pt.‘^. of dry 
calomel absorb 7'38 pts. amn»onia-ga.s, forming tin* compound N'-lI"(llg'‘') "CB. The com- 
pound is black, but gives otf ammonia on exposure to the air, aud leaves whit® 
mercurous chloride (U. Rose). S»*e Mkrcituy-hasks, Ammoniacal. 

fi. With Chloride of Sidphur. IlgH^l^.SCl^ — PriKlueed by intimately triturating 
27 pts. mercuric chloride and 0 pts. washed aiul dried flowers of sulphur, and gently 
heating the mixture in a porcelain dish covered with a glass funnel: it then effloroscoa 
in slender erysials. These must be taken out after cooling and the operation repeated 
as long as any eflloresconcc is produced. The compound may also be prepared by 
mixing calomel and dichloride ot .sulphur to a stiff paste in a retort, and gently heating 
the mixtur.* after it has stood for twenty-four hours. The excess of sulphur-chloride 
then distils over fir.st ; aftc'rwards the mass gradually molts and acquires a rod colour; 
iind finally the suit .‘^uolimes in right rectangular prisms with rhombic acumina- 
tion : they are yi'llowish white when cold, and.*Rr© instantly decomposed by water. 
(Capital lie, J. Pharm. xxv. 625 and 666.) 

y. With Platinous o.ride. — This comixmnd ist produced in the form of a brown 
powder on mixing mercurous nitrate with platinic chloride. On heating it, lUe^purwUS 
chloride sublimes, and platinous oxide remains beliind. 

8. With Stannous Chloride. Ilg^CI^SnCl*.— Prepared by intimately mixing 1 ptqf 
finely pulveriscnl tin-amalgam (3 pts. tin to 1 pt. mercury) with 24 pts. calomel, 
filling a retort to about one-fourth w'ith the mixture, and exposing it to a heat gradually 
rising to 250®. The mass when cold is pulverised ah<i heated in a flask t6 300®, 
whereupon the double chloride sublimes in very small white* arborescent crystals, and 
metallic mercury remains. The crystals are decomposed by water. (Capi^ine, J. 
Pharm. xxv. 649.) 

e. With Sulphuric anhydride. — Calomel absorbs the vapour of sulphuric anhydride, 
forming a white translucent mass. (H. Rose, Pogg. Ann. xliv, 326.), 

Mereuiio Ctiloride. Hg'Cl*. — Protochloride, Bichloride, MuriqU of Mercury, 
Corrosive Sublimate ; act zender Quecksilher-sublimat, Aetzsuhlimat, Smlimai : Bento- 
chlorurc de Mcrcure, Sublime corroeif; Mercurius sublimatm corrosivus, Hydrargyrum 
corrosivum album. 
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This compound is produced : — 1. By burning mercury in excess of chlorine gna— 
2. By dissolving mercury in aqua regia containing excess of hydrochloric acid, evapo- 
rating, dissolving the residue in boiling water, and leaving the salt to crystallise by 
cooling. — 3. By dissolving mercuric oxide in hydrochloric acid, and in general by 
double decomposition of mercuric oxide or a mercuric saltviith metallic chlorides. 

It is prepared on the large scale by decomposing mercuric sulphate with chloride 
of sodium. An intimate mixt ure of equal parts of (Hmimon salt and nunvuric sulphate 
(prepared by boiling 4 pts. mercury with 5 pt.M. strong sulphuric acid, till the mixture 
is reduced to a dry saline mass) is exposed to a gradually increasing heat, in a glass 
flask having a long wide neck, or belter in a narrow-iuK’ked retort ; inercurie chloride 
then sublimes on the cold part ijf the vessel, while sulpliateof sodium remains behind. 
On account of the exlrenuly poisonous nature of the vapours, the process must be 
performed under a chimney iiaving a good <lraught. The mercuric sulplmto trequently 
contains a small quantity of iTu reurous sulphate, which is coinuTled by the chloride of 
sodium into calomel: to prexauit tins contamination, a small quantity ot peroxide of 
manganese is added to the mixture ; or 10 pts. mercury, 3 c.unmon salt, 3 pet^xide 
manganese, 11 sulphuric acid and 3 wator, are triturated l»>gether, and the mixture is 
then heated us above : 


Hg + 2NaCl + MuO» -f =. llgCl^ + Na-SO* + MnSO' + 2U''0. 

Another very good method is to mix a boiling eonccmtratt d solution of mercurous 
nitrate with concentrated hydrochloric acid as long as a precipitate is formed, and boil 
the latter with a (luantity of hydrochloric acid ecjual to tlnvl which was used for the 
precipitation. The reaction is : 

I[g“(N()*)* -f 4HC1 - 2irgCP -f 211*0 4 2X0'*’. 

The solution on cooling deposits the mer<*uric chhe 
r>rvs;<:»ni-si>K ill two firius. botl 


'lie solution on cooling deposits the mercuric chloride in b.-autiful erystals. 

Mercuric cliloride crystallises in two forms, both belonging to the tnmetrjc system. 
The crystals which separate from the alcoholic solution exhibit the combtuation 
c«P . . o? . P. Ratio of axes a : h : c (1-720 : 1 • l Angle aP : ocl 

in tlu‘ maerodiagonal principal section . 71® />">' i ‘ 

section - 93^ 48'. For the crystals obtained by sublimation, r/ : h : »* • 

0*3390 Angle crP : c«P, in the niacrodi agonal principal section 80 « : . 

at2 t 50- 0'; iV : in the basal principal section 37'^ 30' ; 2Py : 2r>x in 

the same 08- 22'. The crystals exhibit these faces together with crlr;. I hey 
are white, and exhibit various d<>grec.s of traiisluccncy up to conqiletc 
Specific gmvity - 5-1032 (Karsten); 5-120 Oloullay). \ apour-dciisity 9 8 

(Mitschorlich): l)ycalcmlut.ion,9-48(- x 0 0093). 


Mercuric chloride melt>. at 205- boils at 295- and volatiliscH tS 

,an calomel, even at ordinary temperatures. It has a disagreeable metall c t. sto 
M i^a ve;y powerful acrid poison. It dissolves in 

ccording to Pog^iale, 100 pts. water at different temperatures dissolve the following 
entities of m ireuric chloride. 


Tfmpe- 

ratur«. 

0 - 

10 

20 

30 

40 

60 


Quantity of Rail 
di8«olv»*d. 

6-73 

6- 57 

7- 39 

8- 43 
9 62 

11-34 


Ton)|>»’- 

ralur*'. 

CO- 

70 

80 

90 

100 


Quantity of »aU 

(lillMHVIHl. 

1 3*80 
17-29 
24-32 
37-06 
68-90 


Tn the salt is mneh itiore sohible. re<j«irinp only 2l r'». »< w'linyy ♦'■i"!;'''?- 

^ li nts at point of aleol.ol ; and it ia almost ally so ..he m 

E .. ~ - r ic: 

oS-'.r4:i. Sr;: 

a iJtw b.™"'." a.". ■«.<" e 'b- .f Jb. hand. 

<)t^«W-pcarI 1 ’ Boullay, of an arid mrreurw or kydrorn'rcurfc chlortde 

bi« mass coiiiwta,«ccoi^bnK . efltorciicea, gives f>ff the oxccsh of acid, and 

agmact -When i„ 

“m the solution by cooling or evsporstion, Sulj.kurto 

•id ha» no action upon it. 
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Many metals, viz. arsenic^ antimony, bismuth, zinc, fin, lead, iron, nickd, and copper, 
decompose mercuric chloride in the dry way, withdrawing the half or the whole of its 
chlorine, and separating calomel or metallic mercury, which latter forms an amalgam 
with the excess of the other metal. Arsenic forms trichloride of arsenic and a brown 
sublimate. An intimate mixture of 3 pts. antimony and 1 pt. corrosive sublimate, 
well pressed into a glass, becomes hot and liquid in the course of half an hour, and on 
the application of heat, yields trichloride of antimony and metallic mercury. Tin 
heated with mercuric chloride yields a distillate of stannic chloride, and a grey resi- 
due containing calomel and stannous chloride. Many metals also reduce mercury 
from the aqueous or alcoholic solution of the chloride. Most metals throw down 
calomel together with the mercury ; but zinc, cadmimn, and iron precipitate nothing 
but mercury, zinc being thereby converted into a semi-fluid amalgam, and cadmium 
forming an amalgam which crystallises in beautiful needles. For the other roactio^js 
of mercuric chloride in solution, see p. 900. 

Ccmpoitnds of Mercuric Chloride, a. With Ammonia. — When mercuric 
chloride is gently heated in a stream of ammoniacal gas, the latter is absorbed, and the 
compound fuses by the heat evolved in the combination. The product was found by Rose 
to contain HgCl'^.NIP. This compound boibs at 590°, and may be distilled without 
loss of ammonia; it is decomp<f.s<Hl by water. — (See Meucuhy-uases, Ammoniacal.) 

/3. With other chlorides. — Mercuric chloride unites with many other metallic chlorides, 
fonning crystalli sable double s vlts. '1 hey an^ prepared, for the most part, by mixing 
the aqueous solutions of the two salts in the required proportions, and crystallising by 
spontaneous evaporation. 

Ammonium-salts. — One of these double salts has long been known as sal nlemhroth. 
It crystallises in flattened rhombic prisms, 2NH*Cl.IlgCrMPO, and is isomorphous 
with the corresponding potassium -salt. AVhen exp<ised to dry air, it gives off its water 
without change of form. Kane has also obtjiined NHH’l.HgCl'^, and the same with 

at. water. •2(NH^Cl.HgCl‘'^).H“0, the first in a rhomboidal form, and the second 
in long silky needles. — According to J. Holmes (Chem. News, v. 351) a solution of 
25 pts. mercuric cliloride and 1 pt. sal-ammoniac in hydrochloric acid deposits crystals 
of the salt 2NH*C1.9HgCr^ ; and on mixing this solution with a very large excess of 
hydrochloric acid, or l)y dissolving in that acid a mixture of 3 pts. nuTcuric chloride 
and 1 pt. sal-ammoniac, the salt 2NH^C1.3HgCl*.4]lH) is obtained. 

The chlorides of barium and strontium form well-crystallised compounds with mercuric 
chloride, viz. BaCibIIgCrb4H*0, and SrCl“.2HgCl-.2H‘^(). Chloride of calcium com- 
bines in two proportions with mercuric chloride. When the latter is dissolved t-o satura- 
tion in chloride of calcium, tetrahedral crystals separate from the solutipn, which are 
tolerably persistent in the air, and contain CaCF.5HgC12.8H'^0. After the deposition 
of these crystals, the liquid yields, when evaporated by a gentle heat, a sbiNjnd crop 
of large prismatic crystals, CaCl*.2HgCF.6H''*0, which are very deliquescent. 

The chlorides of cohalt and coj/per also form crystallisable double salts ; chloride of 
had does not appear to form a'double salt with mercuric chloride. 

The iron-salt, FoCP.HgCrb4H''0, and the manganese-salt, MnCF.UgCP.4lPO, 
are isomorphou.^ and crystallise in rhombic prisms. An excess of mercuric chloride 
dissolves in the latter salt, and crystallises on cooling in large rhombic crystals. 

Chloride of magnesium forms two double salts, with mercuric chloride, viz. 
MgCF.3HgCF.H*0, and MgCF.HgCr^.6H*0, both deliquescent Chloride of nickel 
gives two compounds, one of which cr3'stalliseB in tetrahedrons, like the calcium- 
salt. 

Potassinm-.mlts. — When an aqueous solution jof potassium-chloride is saturated at 
30° with pulverised menniric chloride, the liqu^ decanted, a quantity of potassium- 
chloride lidded equal to that already present, a|i3 the solution left to evaporate, the 
salt 2KCI.HgCF.H*() is deposited in large rhombic prisms. If the solution saturated 
at 30° bo left to eniporate without further addition of chloride of potassium, another 
salt KCl.HgCF.H’'0 is obtained in delicate as.bestos-like crystals ; and lastly, a solu- 
tion of pot assium-chloride heated to 60° and saturated with mercuric chloride, solidifies 
on cooling to a mass of slender needles having the composition KC1.2HgCl‘‘'.2H*0. 

The sodium-salt NaCl.HgCP.2H*0 crystallises in sijt-sided prisms. 

The zinc salt has not been analysed. An aqueous solution of zinc-chloride contain- 
ing excess of mercuric chloride deposits the latter, on evaporation, in largo beautiful 
crystalli, after which a double salt slowly separates in very deliquescent plates and 
needles. (B o n s d o r f f.) . 

Mercvric Chloridr vnth Acid Chromate of Ammonium. — A solution of equal parts of 
these two salts yields, by concentration and cooling, large, shining, rose-coloured, six- 
sidod prisms, of the salt HgCP.[(NH*)*CrO*.CrO*].iPO (Richmond and Abel, 
Ohem. Soc. Qu. J. iii. 202). The salt was discovered by Darby (Mem. Chem. Soc. i. 
24), who however assigned to it a different formula. According to Zepharovioh 
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(Wien. Akuid, Ber. xxxix. 17) the cl^stala are inonoclinic and exhibit the faces oP . 
ooPoo . + JPoo . . [Poo ] . [JPoo ] . ooP . [ <xP2] . +P . +1P. ^tio of axes 

a : b : 0 ^ 0*5087 0*6462 : 1. Angle of h and c =» 84*^ 3'; oeP ooP in the clino- 
diagonal principal section = 76° 42'; oP : oop « 98° 41'; oP : [Poo » 117° 6'; oP : 
[^Poo ] =» 135° 38'. Cleavage parallel UjJoP and — JPoo . 

The mother-liquor, from which this salt hits separated, yields by further ovaj¥)nition 
beautiful rod noodles of the salt, ilgCr‘'.3[(NH*)'*’CrOVCrO‘]. (K' chin end and 
Abel.) 

Mercuric chloride also forms double salts with the neutral and acid chromates 
of ptjtassium, viz. 2llgCl'.K*CrO* and llgCl-.KHh’CVCrO*]. See Chuomatks (i. 
938). 


^ercuric Chloride with Bwdc Cupric Acetate. 


(C^H»0)* 


Cu* ) 

pound is produced, according to \V<)hlcr, on mixing the solutions of meivuric chloride 
and neutral cupric acetate, .sat\>rated at onlinary tomjwraturc.s, and leaving the mixture 
to itself for some time ; it then separate.s in radiate hemispheric groups of crystals 
having a very fine deep blu(^ colour. It is nearly insoluble in cold water, and is de- 
composod by boiling water. 

Mercuric chloride also unites with sulphide of ethul, forming tlie comjxiund 
(C'*H^)*S.HgCl^ already doscribikl (ii. 515); and with sulphuh of wef Ay/, forming a 
similar compound. 

MBRCURT, CTAVXBB OF. See Cyanidks (ii. 263). 

IWllRCnilV, BBTaOTXOW ABB HBTIMATIOW or. 1. Reactions in 
the dry way. — Most mercury compounds are decomposed by heat, and give off me- 
tallic mercury ; but mercurous chloride and brc'mide, and mercuric chlornle and io<lide 
sublime undecompo.scd. All mcrcury-comjwunds, when tlioroughly dried, intimately 
mixed with dry carftonate of sodium^ and heated before th'‘ blowiiipe in a tub«i closmj 
at one end, are decom^wsed and give off im tAllic mercury, which condenses in the cold 
part of the tube. Those morcury-com pounds which are volatile without decomposition, 
the chlorides for example, may escape decomiM>sition by carbonate of sodium. In this 
case the mixture must be slightly moisU-ned with water, the water expel ei by gentlo 
heating over the lamp, and removed with blotting paper, the tulx^ bemg lield horizon- 
tally to prevent the water from ninning down to the heatoil part. When the moisture 
is all expelled, the blowpipi^ flann* is applioil as before. This i.s an easy and certain 
method of detecting mercury. When the quantity of mercury present is very small, 
the sublimate which forms on the cold part of the tube may look, to the unassisti'd eye, 
like arsenic or antimony ; but examination with a lens will show that it consists of 
minute liquid globules. 

2. Reactions in Solution. 

a. Of Mercurous salts. Normal or neutral mercurous salts are white ; the basic 
salts are frequently yellow. Most of them are soluble in water, redden litmus, have a 
metallic taste an^do notact very violently on the animal body. All soluble mercur- 
ous salts are partially decomposed by water, a basic salt being precipitated and an acid 
Hiilt left in solution ; free acid redissolves the basic sjilt, 

Sulphydric acid and sulphide of ammmium form with mercurous salts a P^“ 

cipitate of mercurous sulphide Hg*S, insoluble in sulphide of ammonium and m nitric 
acid, soluble in nitro-muriatic acid and in sulphide of potassium 

Hydrochloric add and solvMe chlorides form, oven in very dilute solut ons, a white 
precipitate of mercurous chloride, which is insoluble in dilute acels, and is 
^tash or ammonia. Boiling nitric acid dissolv.'s it ; boiling ljydr(s;hloric aenl decom- 
^ iUnto mercuric chlori-le whicl. diccolv. b, ui.d metallic mercury, which remain. 

prciripi'alc of mcrcuroua iodide (alwayi, 
mcrcuroiii. cyiinidc 

formed In UiMt iu.taiicrhemg rcBolved into mercuric cyanide, HnCy , and mer- 


0^2Ug"Cl^ This com- 


qfpolmliini forme a white ; ferricyanide of ,K.taB»ium, a rcddi»h.bro*n 

"i&u o/^ium and osali. acid form while pMcipiUvt. B ; chroMate of folaM. 

atm, a red; and cine, hy ulanntnu chloride, fer- 

a^. and j,ho.pKoraa, acid, metallic mercury being «,parated 

are converted into mercuric .*lU by boiling with nitric acid. 
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0 . Of Mercuric salts. Normal mercuric salts {containing 2 at. of an acid radicle 
to 1 at. Eg) are colourless ; the basic salts are frequently yellow. They are violent 
acrid poisons, and have a disagreeable metallic taste. The normal salts redden litmus. 
Most of them are soluble in water. They are partially decomposed by water, with se- 
paration of a basic salt requiring free acid to dissolve it. The chloride, however, dis- 
solves in water without decomposition ; hence^a solution of mercuric chloride differs in 
some of its reactions from that of the nitrate and of other salts which are partially de- 
composed by water. From their aqueous solutions, the mercury is, for the most part, 
precipitated in the metallic state by the same substances as from mercurous salts ; but 
the complete reduction of the mercury is often preceded by the formation of a mercu- 
rous salt : such for example is the action of phosfhorous acid, sidphuroiia acid^ stannous 
chloride^ metallic copper, &c. Formic acid reduces mercuric to mercurous chloride, and 
no excess of the reagent carries the reduction further, unless the solution bo heated 
nearly to boiling. Gold does not by itself reduce mercury from its salts ; but if a d!rop 
of a mercuric solution be laid on a piece of gold, and a bjir of zinc, tin, or iron bo 
brought in contact with the moistened surface, an electrolytic action is set up, and the 
gold becomes amalgamated at the point of contact. 

Sulphydric acid and alkaline sulphides, added in excess to mercuric salts, throw 
down a black precipitate of mercuric sulphide, soluble in strong nitric acid. If, how- 
ever, the quantity of the reagent added is not sufficient for complete decomposition, a 
white precipitate is formed, consisting of a compound of mercuric sulphide with the 
original salt, and often coloured yellow or brown by excess of the sulphide ; this reac- 
tion is quite peculiar to mercuric salts. 

Hijdrochloric acid forms no precipitate in solutions of mercuric salts. 

Ammonia and carbonate of ammonium form white precipitates, generally consisting 
of a mercurammonium salt. The fia^ed alkalis throw down a yellow precipitate of 
mercuric oxide (not hydrated), insoluble in excess. If, however, the solution contains a 
largo quantity of free acid, no precipitate is formed, or only a slight one after a 
considerable time. 

Carbonate of potassium or sodium throws down red-brown mercuric carbonate ; 
but if any ammoniaeal salt is present in the solution, the fixed alkalis and their 
carbonates throw down the white precipitate above mentioned. Acid carbonate of 
potassium or sodium also gives a brown-red precipitate with mercuric nitrate or sulpliate ; 
but with the chloride, it forms a white precipitate which afterwards turns red. The 
carbonates of barium, strontium, and calcium precipitate mercuric oxide from the 
solutions of the sulphate and nitrate, but not from the chloride. 

Phosphate of sodium throws down white mercuric phosphate from the sulphate and 
nitrate, but not from the chloride. Chromate of potassium forms a yellowish-red 
precipitate. 

Cyanide of potassium gives with mercuric nitrate a white precipitate soluble in 
excess : it does not precipitate the chloride. 

Fcrrocyanide of potassium forms, in solutions not too dilute, a white precipitiite 
which gradually turns blue, prussian blue being formed, while the filtrate contains 
cyanide of mercury. Ferricyanide of potassium gives a white precipitate with the 
nitrate, no precipitate with the chloride. 

Tincture of galls forms an orange-yellow precipihite with all mercuric solutions except 
the chloride. 

Iodide of potassium produces a scarlet precipitate of mercuric iodide, soluble iu 
excess either of the mercuric salt or of iodide of potai^sium. 

3. Quanta ative Estimation, 

Mercury is generally estimated in the meUrilic state; sometimes, however, as 
mercuric sulphide HgH, or as mercurous chloride Ilg'-'Cl*. To separate it from 
its compounds in the metallic state, it may be distilled with quicklime in a tube 
of hard glass sealed at one end. Into this tube is introduced, first a layer of carlx)- 
nato of calcium, about an inch long ; then the mixture of the substance with quicklime ; 
lastly a layer of quicklime about two inches long, and a plug of asbestos to keep the lime 
in its place. The open end of the tube is next drawn out into a narrow ned^ and bent at 
an obtuse angle. The tube is laid in a combustion-furnace, the same as tbAt which is 
used for organic analysis, the neck being turned downwards and made to pass into a 
narrow-mouthed bottle containing water, so as to terminate just above the surfai^e of 
the water. The tube is then gradually heated by laying pieces of red-hot charcoal 
round it^ beginning at the part near the neck containing the pore qnickltme. This 
portion having been brought to a foil red heat^ the heat is carefoUy extended towards 
the middle part» to decompose the compound and volatilise the mercury ; any portiqu 
of the compopd that may volatilise undecomposed will be decomposed in fa yitg pv^ 
the red-hot lima at the end. Lastly, the back part of the tube containing the oubon- 
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tfte is heated, so as to evolve carbonic anhydride and sweco out all the mercnry 
vapour contained in the tube. The quantity of carbonic anhydride thus evolved may 
be increased by mixing the carbonate of calcium with acid carbonate of sodium. The 
mercury condenses under the water in the bottle, which must be kept cold. The water 
is poured off as completely as possible ; the mercury transferred to a weighetl porcelain 
crucible; the greater part of the water which still adheres to it removed by means of 
blotting-paper ; the drying completed over sulphuric acid ; and the m«‘rcury finally 
weighed. 

Mercury may also bo precipitated from its solutions in the metallic state by stannous 
chloride or by phosphorous acid at temperatures above 60° ; the solution then decanted ; 
the mercury washed with water, and dried in the manner just described. 

If the mercury is mixed with a considerable quantity of organic matter, as in cases 
of«mercurial poisoning, the organic mattt*r may be destroyed by treatment with nitro- 
muriaticacid in a distillatory apparatus (i. 365), and the liquid subjectiHi to the action 
of a voltaic current, the negative pole being composed of a plate of platinum or gi>ld. 
The mercury then collects on this plate, and may bo cBtimat<*d by weighing the pjate 
before and after the experiment. . , . m ♦ 4 i 

The precipitation of mercury in the form of in e r c u r o u s c h 1 o r i d e is bj^t enecten ny 
means oi hydrochloric acid and formate of jmtasstu/n ar sodium. If the mercury is 
contained in an alloy, the alloy must be dissolved in nitromuriatic acid ; it 
tained in solution in the form of mercuric nitrate, hydrochloric acid must rie added, the 
solution, in either case, nearly neutralised with potash, the tormate then added, and 
the whole exposed for some days to a temperature between 60° and KO (at the boiling 
heat the mercury would bo reduced to the metallic state). The mercui^us ehlonde leu 
precipitates, and must bo collected on a weighed filter, washed, dried at a gen lo lea , 

According to the latest experiments of H. Hose (Pogg. Ann. cx. 620), the best of 
all methods of estimating mercury is to precipitate it as calomel from the solution (d 
mercuric chloride by phosphorous acid, either at ordinary temperatures or at a lery 
gentle heat ; if the temperature rises above 60° inetalbc mercury is priKupitaUH . 

Mercury is also frequently prmpitated from its solutions, as a ^ * P ‘ 
phydric acid. In that case, if tln^ precipitate consists of the pun^ lut 

aswhen it is thrown down from a solution of corrosive weiizheif 

be simply collected on a weighed filter, washed. <lned over the ^ 

and the Quantity of mercury thence determine*!. Hut it, as is gen* ral y » • 

pntSarifoontains fr.^. sulphur. u» wh.u. i. i. .hruwn run. 

tainius a ferric salt or a coiisideral.le excess of nitric aeul ; or if it h- 
^^un^ion with thesnlphules of other nielals. then the 

fiY>m it bv distillation with lime, jvs above descrila'd. Or aga , r 1 1 • 

sulphides may be converted into chlorides by g*‘ntli^ h<-ating in a stream of 
^tftho voS chloride of mercury pimsed f.ito water, and the mercury proctpitatnl 

from the solution by stannous chloride. i , .„„v Iso be determined 

The quantity of mercurous salt present in a ""'“''O'' ""y 
by prec?prtioJ^ with hydrochloric acid. The solution 

and be kept cool ; it must also contuiu but a very small ipiaii y ,j,.|ertiiin« 

a larger qL.tity would convert 

lh:^rurrs°H^ris7~u,S^^^ .i.h,hydroehl«rie acid, and the remaining 

in the form of mercurous chlond*', by means of a standard • . 

of Mtassium. which dissolves it in tlie form of is.iassio-mcreuri<. lol.d . 

Ufl'Cl' + CKl + 1' - 2C2KI.llgl‘) + 2Ki;i. , 

The quantity of iodine used is estimated by a grailuated solu^n of hyposulphite of 

sodium (i. rn'orTunn^ Ch Pharra” evii! 98) consists in sgitutiiig 

Another method given by Hem pel (Ann^h. i-narim c ^ „fpot<,mum till 

a i. « -l-s Vr 

for^ur.Sh»^. or by any of the other method, above given. 

/t, Beparation of Mercury from othirMtlalt. 

Mercu^ of'Xam”igam.*lhe compouJa L 

s. ri? 3 .a. a- -'.-a ■> « 
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exists as an oxide, chloride, &c., combined with compounds of other metals, it may be 
separated by distillation with quicklime, as above described. Its separation from the 
alkali and earth-metals, and from uranium, manganese, nickel, cobalt, iron 
sine, and chromium, may also be effected by precipitation with stdphydric acidi From 
bismuth and cadmium it may be separate by reduction with stannous chloride; 
from copper, by mixing the solution with excess of cyanide of potassium, and passing 
sulphydric acid through the liquid, whereby the mercury is precipitated as sulphide, 
while the copper remains dissolved; from lead, by precipitating that metal with 
sulphuric acid, with addition of alcohol (H. Bose), the sulphuric acid being added in 
excess, as otherwise a basic sulphate of mercury may be precipitated at the same time. 
From arsenic, tin and an timony, mercury is separated by the solubility of the sul- 
phides of those metals in sulphide of ammonium. 

Field (Chem. Soc. J. xii. 32) separates mercury from antimony, by digesting ^le 
precipitated sulphides with moderately strong hydrochloric add, which dissolves tlio 
sulphide of antimony and leaves the sulphide of mercury. 

From silver, mercury, if in the form of a mercuric salt, is easily separated by 
hyd^tochloric acid, which precipitates the silver alone {is chloride. If the mercury is in 
the form of a mercurous salt, the two metals are precipitated together as chlorides, and 
the separation is then easily effected by ammonia, which dissolves the chloride of 
silver, and blackens the mercurous chloride; or they may bo separated by nitromuriatic 
add, in the cold, which dissolves the chloride of mercury, leaving the chloride of silver 
undissolved. 

When mercury, silver, and lead occur together in a solution, it is best to bring all 
the mercury to the state of mercuric salt by boiling with nitric acid : the silver may 
then be precipitated by hydrochloric, and the lead by sulphuric add. Or the separation 
may be effected by cyanide of potassiuyn, the solution being first nearly neutralised by 
an alkaline carbonate, and cyiinidc of potassium added in excess. The addition of 
nitric acid throws down the whole of the silver as cyanide, leaving the mercury in 
solution as cyanide, {ind the lead as nitrate, from which the lead may bo precipitated 
by an alkaline carbonate. 

For the analysis of a mixture of mercuric oxide, cinnabar, and red load, 
Wohler recommends the following process : The mixture is digested with nitric acid, 
whicli dissolves the mercury as mercuric oxide, and resolves the red lead into protoxide, 
which dissolves, and dioxide, which remains undi.ssolved (p. 553), the cinnabar l)eing 
also left undissolvod. The lead is precipitated from the solution by dilute sulphuric 
acid, and then the mercury by sulphydric acid or stannous chloride. The residue is 
then treated on the filter with a mixture of warm nitric and oxalic acids, which dis- 
solves out the dioxide of lead, and the residual cinnabar is washed, dried, and weighed. 

The separation of mercury from gold in solution, may l>e effected by precipitating 
the gold in the raetiillic state by warming the solution with oxalic add (ii. 928), and 
afterwards adding hydrochloric acid to redissolve the oxalate of mercury, precipitated 
at the same time. If the hydrochloric acid were added at an earlier stiige of the 
process, it would greatly ret^ird the precipitation of the gold. The mercury must of 
course be in the mercuric state. 

5. Atomic weight of Mercury. 

The atomic weight of this metal was for many years estimated, according to the ex- 
periments of Sefstrom, made in 1812 (Schw. J. xxii. 328), at 101-26 for Ilg', or 
202-62 for Hg". Turner, however, in 1835 (Ann. Ch. Pharm. xiii. 14), by the 
amilysis of mercuric oxide and chloride, obtained lower numbers, viz. from 200 to 
200-3, and his results have boon confirmed bjf the experiments of Erdmann and 
March and in 1844 [ibid, lii. 216). These chemists decomposed carefully prcp.-ired 
{ind driotl mercuric oxide by ignition in a stream' of dry carbonic anhydride; absorbed 
the liberated oxygen (part of which would otherwise recombine with the mercury) by 
ignit(^ charcoal and copper; and collected the mercury which distilled over, the 
esciiping gases being finally freed from mercury by passing through a tube containing 
gold-leaf. In five experiments, in each of which from 44* to 118 grms. mercuric 
oxide, Hg'O, were decomposed, they found from 92*594 to 92*604 per cent, mer- 
cury ; moan 92 697 per cent. Hence the value of Hg is between 200*06 and 200*33 ; 
mean 200*14. It is usual to take as the true atomic weight of mercury. Hg' = 100. 

^ orHg"*200. 

The vapour*4ensity of mercuric chloride, which, according to the observations of 
Mitscherlich, is 9*8, gives a condensation to 1 vol. for the formula HgCl, and of 
2 vols. for HgCl* (p. 897). This result affords an argument in favour of the larger 
atomic weight and the diatomicity of mercury in the mercuric compounds, and we shall 
presently see that this view is further corroborated by the constitution of the oiganic 
oompounds of mercury. 
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^ riiOOXXBBS or. Mercury forms two fluorines, eorreiponding in 

composition with the chlorides. 

Bterciiroiui jnnortde. (Hg*)T*. Berselius obtained this compound as a sub- 
limate, mixed .with mercurous chloride, by heating the latter with fluoride of sodium. 
It has been further examined by Finkener (Po^. Ann. cx. 142), who obtains it by 
adding recently precipitated calomel to a solution of silver-fluoride (prepared by digest- 
ing silver-carbonate with hydrofluoric acid); the whole of tlio silver is then gradually 
precipitated, and the liquid evaporaUxi over the uTiter-bath, yields small yellow 
crystals of mercurous fluoride. An easier mode of preparation is to mid recently 
precipitated mercurous carbonate to hydrofluoric acid, which dissolves it completely 
at first, with evolution of carbonic anhydride, but on fvddition of a lar^r quantity 
deposits mercurous fluoride as a heavy, light yellow, crystJilliuo powder. From asolu- 
tidh in excess of hydrofluoric acid it is deposited in indistinct (appjirentJy cubic) crystals. 

Mercurous fluoride is partly dissolved by water, partly decomposed intx) morcur«>U8 
oxide and hydrofluoric acid. It is blivckened oven by moist air, especially if expwed 
to light. It is also decomposed when heated above 260° in dry air, mercury subliming, 
and the glass vessel becoming corroded. From the solution of the compound in 
hydrofluoric acid, throws down mercurous oxide; amvumia, a black precipitate 
containing metallic mercury and quickly turning grey, while the filtered liquid 
contains mercuric oxide and soon det)osits a white mass containing mercury, ammonia, 
and fluorine. Dry mercurous fluofi<le is dooomposod in like manner, by the prolongtHl 
action of {iqueoiis amrnotiia, inU) meUillic men-ury and a mercuric com|>ound. It slowly 
absorbs ammonia gas, turning black and being converted into fluoride of mercuros- 

ammonium N^U®(Hg*y'.F'. • , r u i r 

Mercurous Silicofiuoride, Si2(Hg’)"P.2lPO, is deposited from the solut ion of mer- 
curous carbonate in hydrofluosilicic acid, in tninspareiit, colourless, prismatic crystals. 
(Finkener.) 

Merourto Flaortde. lIg''P. Mercuric oxide added to hydrofluoric luud is con- 
vertod into an orange-yellow powder, consisting of an oxy^luon(k^ and by repeatedly 
treating this compound with hydrofluoric imnl, menmne fluorido is deposited as a 
white crystalline mass containing IIgF*.2H‘'0. Tlic sanie product is obtaimnl by 
adding ^y mercuric oxide to a largo excess of aqueous hydrofluoric acid (contaimng 
about^SO^r cent. HF) (Fi nkenor. Pogg. Ann. cx. 628). Accorjling 
tAnn Ch Phvs 131 xlvii. 6), mercuric fluoride is obtainod in long colourless hydraU^ 
(fn-quonUyi howover, c..ntHminal«.l witli Iiydroinorcuric fluorulo or morounc 
oxyfluoridc)\y slowly ovaporoting a solul.ioii of no reuric oxide in excess of hydro- 
fluoric acid. Pinkeiier, Jiowever, did not ol.Uin crysUls in this manner. 

" Ilvdrated mercuric fluoride decomposes at .0(1°, giving off hydrofluoric acid logothir 
with wato Tud leaving the oxyf luorido. It is permanent m dry air at onliiiary 
toniporatures, but is decomposed by water, yielding mercuric oxyfluoride and a 
solution of hydrofluoric acid containing a small quantity of mercuric oxnle. A 

regaMod by Tlg'D 3H*0. This compound is resolved by 

t ydratod ,mt ^ Lraiilphuric ^cid. (Frnkener.) 

■Sntfluorid; 

.a'^™lin« bating mercuric fluoride with aqueous amraonm. 

to B eraeun , y Mercury unites with iodine in three or tour 

p^^^S^fominga mercurou. andm^r^unc iodidoanal^^^^ 

withconaideraWeri^f”^:;™^ ^ ,, produced liy to^tortlng 

voL at ^ ^ 



MMCUBT: lODEDia 


little alcohol, and removing any mercuric iodide that may be formed in the first instance, 
or remain unacted upon in the second, by solution in alcohol, which leaves the 
mercurous iodide undissolved. It may also be obtained hj precipitating a mercurous 
salt with iodide of potassium. The acetate is best adapted to the piurpose, yielding at 
once pure mercurous iodide. When the nitrate is used, the precipitate is frequently 
contaminated with mercuric iodide, either formed directly fix)m mercuric nitrate in the 
solution, or by the oxidising action of free nitric acid in the solution on the I>recipitated 
mercurous iodide. 

Mercurous iodide is a greenish-yellow powder of specific gravity 7*65 to 775. It is 
very sparingly soluble in water, quite insoluble in alcohol ; ammonia dissolves it par- 
tially, leaving a grey residue. Mercurous iodide is very unstable, being easily 
resolved, under various circumstances, into metallic mercury and mercuric or mercuroso- 
mercuric iodide. When heated, it yields a sublimate of metallic mercury and mercuroso- 
mercuric iodide. When treated with hydriodk acid or with solutions of iodide Sfpotaisium 
or other metallic iodides, it is resolved into mercury and mercuric iodide, which unites 
with the other iodide, forming a soluble salt. In the moist state it is decomposed and 
blackened by exposure to liaht. 

Mercurous iodide is used in medicine, and in preparing it for that purpose the 
greatest care must be taken to insure its perfect freedom from mercuric iodide, which 
is a violent poison. To test its freedom from this admixture, W. S q u i r e ( Jahresb. 1 862, 
p. 217) heats it with aniline, whereupon, if it contains mercuric iodide, the well-known 
magenta colour is produced, whereas if the mercurous iodide is quite pure, no colora- 
tion takes place. 

Merouroso-mercnrlo Iodide. Hg^P - (Hg*)"I*.2Hg*I®. — Prepared by precipi- 
tating mercurous nitrate with iodide of potassium, the precipitate not being collected 
till it has acquired a yellow colour. According to Boullay, it is best to mix the solu- 
tion of potassium iodide with J at. iodine, in which case mercuroso-mercuric iodide is 
precipitated at once. The compound may also be obt^iined by triturating mercuric 
iodide with one-third as much mercury as it already contains (3HgP + Hg «= 
Hgl«). 

Mercuroso-mercuric iodide is a yellow powder which when heated turns red, melts, 
and may be sublime<l without alteration. The sublimed crystiils have a dark carmine- 
red colour while hot, but become yellow on cooling (Inglis, Colin). The compound is 
insoluble in water and in alcohol, the latter not extracting any mercuric iodide from it. 
It remains unaltered when kept in the dark ; but becomes dark coloured on exposure 
to light. Hydriodic acid and solutions of iodides first resolve it into mercurous and 
mercuric iodide, the latter uniting with the soluble iodide, and afterwards decompose 
the mercurous iodide itself, as above described, with separation of metallic mercury. 
(Boullay.) 

Merourio Iodide. Hg"!*. — This compound may be produced by triturating 1 
at. mercury with 2 at. iodine (200 pts mercury to 2.54 iodine), moistened with alcohol ; 
according to Mohr, however, the combination of the two elements in this way is never 
complete, the product always containing a certain portion of free iodine which escapes 
during the drying over the water-bath, also some mercurous iodide which is resolved 
by sublimation into mercuric iodide and metallic mercury. Dublanc pours 1 kilo- 
gramme of alcohol on 100 grammes of mercury, and adds 1 24 grms. iodine in successive 
portions of 10 grms. each, stirring after each addition till the alcohol has become 
colourless. After the last 4 grms. of iodine have been added, the liquid becomes 
permanently coloured, in consequence of the complete conversion of the mercury into 
mercuric iodide ; the product is washed with alcohol. Mercuric iodide is, however, 
best prepared by precipitating mercuric chloride with iodide of potassium, or iodide of 
iron: a. 8 pts. mercuric chloride and 10 ^ts. iodide of potassium are dissolved in 
separate portions of water, the solutions mixed, and the resulting precipitate collected 
and carefullv washed. $. 2 at. iodine immersed in water are convert^ into feirous 
iodide by addition of iron-turnings ; the resulting solution is immediately mixed with 
a solution of 1 at. mercuric chloride (HgCl*), and the precipitated mercuric iodide is 
quickly separated from the liquid, to prevent it from being contaminated with the 
basic ferric chloride which is gradually deposited from the solution. 

Mercuric iodide thus obtained is a powder of a splendid scarlet colour, very slightly 
soluble in water, more soluble in alcohol, especially when hot, somewhat soluble also in 
ether. It dissolves easily in aqueous iodide of potassium, and crystallises from the 
solution in beautiful red quadratic octahedrons, also in the combinations P . oP, 
oePoo . oP . P, and oepoo . oP. Length of principal axis 1V97. Angle P : P 
in the terminal edges =: 96^ 24'; in the lateral edges 141^ O', deavage perfect 
parallel to oP. Specific gravity 6*2009 (Karsten) ; 6*920 (Boullay); 5*91 
(3ekif f).-— The red iodide turns yellow when gently heated, melts at a higher tem- 
perature, and sublimes in bright yellow rhombic pnsms ^sxhitnting the combination 
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o»P . qP. iuid haring the angle ooP : ocP » 66^ (Kopi»*$ Kry^Udhor^kie, pp. 160, 
257). Mercuric iodide is therefore dimorphous, and eoimbits a red colour in one of Ita 
forms, a yellow colour in the other. The red modification is much more stable than 
the yellow ; in fact the yellow crystals, even when left to themselves at ordinary tempera- 
tures, gradually recover their original colour and crystalline structure, being converted 
into an aggregate of the red crystals ; tlie same change takes place instantly when the 
yellow crystals are pressed, rubbed, or scratched. The yellow iodide retains ita 
colour longest when it has been prepared by subjecting the pulverised red iodide to a 
moderate heat. The yellow crystals obtained by sublimation often turn rod on cooling, 
in consequence of the friction or agitation resulting from the contrition of the glass 
vessel, or of the crystals themselves (Mitscherlich). Mercuric iodide precinitabHl 
from the solution of the chloride by ioilide of potassium, is likewise yellow at the first 
instant of precipitation, but quickly turns rctl, even while immersed in the liquid. In 
tllis case the course of the alteration may be easily watched under the microscope — 
yellow rhombic lamina* being observwl in the first instance, which continually 
diminish in bulk, becoming truncated on their edges and anglcvi, and ultimately dis- 
appearing, while red quadratic octalKKirons appear in their place (Waring ton). Tho 
solutions of mercuric iodide in alcohol ether, aqiu^ous ioaide of potjwsium, «c., are 
colourless, and may therefore be supposed to contain the yellow modification ; if, how- 
ever, the iodide separates slowly from them in crystals, these crystals art^ r(‘d ; but if 
the separation takes place rapidly, as for «‘xamplo when the alcoholic solution i» 
poured into water, tho iodide is yellow at the first instant of separation, but very H(wn 
turns red. According to Reynoso (Compt. rend, xxxix. 600), an alcoholic, solution 
of the iodide which has been kept for some time gives immediately a red precipitate 
with water. Schiff (Ann. Ch. Pharm. cxi. 371), on the other hand, found that an 
alcoholic solution which had been kept for fifteen months, still gave a yellow precipi- 
tate with water; and the yellow crystals which formed in it likewise remained 
unaltered in colour. Schiff also finds that the alcoholic solution, when mixed with 
water, first becomes quite milky, and after a few hours deposits shining yellow 
rhombic plates with angles of 114® 30' and 65® 30', and exliibiling beautiful coloured 

spectra under the polarising microscope. 

Potassium triturated with mercuric iodide, abstracts the iodine wifh incamh^scenco. 
A similar action is exerted by many of the heavy metals on trituration, either alone or 
with water, the resulting iodide sometimes uniting with the iodide of mercury to form 
a double salt; zinc and tin form amalgams with tlie liherated mercuiy. Ihor the 
behaviour of the individual metals, see Gnuhn's JIandbook, vi. 38.] hen inereuric 
iodide is boiled with aqueous mercuric oxi<le separates, and a yellow solution w 

formed conUining a ixiUssio mercuric iodide, 2K1.3HgP : 

4lIgP -f 2KHO llgO + 2KI.3llgP + IPO, 

which on cooling, first deposits mercuric oxide, and I lien greenish-yellow nowilos of 

KI Hgl* Aleoh^dic potash acts in like manner and more oaHily. .Wa, Wy/tf, and 
stronfia likewise act in a similar manner, producing double iodides ; /iwm', carbonate of 
voiassiuni and varhonaie o/ do not decompose mercuric loiiido wh<>n iKuloti with 
it in water* but if alcohol bo substituted for the water, doconijiosition takes ^ 

alcohrap^^^^^^^ to favour tho action by its solvent power. 'I 

in &xi\xco\^ hyvochlorUe of caldum whm tho solution is heat ♦‘d , and as . 

l!^ilTi?^^osits-pcH^ of calcium in the form of a white jelly, wliilo 

^ 1 ’ u./irt ^ Tt fim m e 1 s b e ru) When vhlorme yas is passed into wator in 
bright enow »of«.iou in fonned. conU.mmg 

"'"I 

•♦’vA mfttAllic iodides forming a series of double salts, Jkjnsdorft s lodohydrar- 
^^rates which have boon particularly studied by Boullay(Aun. 

345) T^y are obtained, for tho m<«t ^ 

Mlution of tbo positive iodide, and eva^rating the solution. Mercuric ual.de likewise 

fornis double saluwitlj^nicchlor^ or 2NH*I.Hgl'.3H’0. sepamles in 

iSv/ iSide in iodi of atnmon'iuB.. .ft.T 

yellow needl^ f~>n a ho^ deposited. Wlurn heuted. it nudW and 

?u"bHresTrtly partly'docompoL. Water seperaU.. mercunc ntdide from 

/(wfiie— A solution of mercuric iodide in aqueous i^ide of torium, 
/"Ti?;rS^^«icess of mercuric iodide by cooling and dilution, ^poids 
after , aoluble in water, which, according to Boullay, 

yellow ip ^ j,ot saturated solution of mercuric iodide in iodide of t^um 

* 3 M 2 
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evaporation, crystal apparently oonsisting of BaHg*Jf«-»:M*;2HgI». The crystals 
decompose when dried at a high temperature, or when dissolved in a large quantity of 
water, mercuric iodide separating. (Bo u 11 ay. J 

Cudtnio-Tnercuric lodi^ is obtained by triturating cadmium ‘filings with moist 
mercuric iodide, and exhausting with water. Crystallises in small, yellowish -white 
very soluble laminae. (Berthemot.) 

Calcio-mercwic Iodide. CaI*.2HgI2 ?— Obtained like the corresponding barium-salt, 

and decomposed in a similar manner by water. 

Ferroso’inercuric Iodide, — The saturated solution of mercuric iodide in ferrous iodide 
yields, by evaporation over sulphuric acid, yellow-brown prisms, which quickly oxidise 
in contact with the air (v. Bonsdorff). A hot saturated solution of the two salts 
yields, after deposition of a portion of the mercuric iodide, brownish-yellow, very 
deliquescent needles, which are decomposed by water, and dissolved by strong acetic 
acid and by alcohol. (Berthemot.) ^ 

Magnesin.mer curio lodids. — A hot saturated solution of mercuric iodide in iodide of 
magnesium, deposits mercuric iodide on cooling ; and the remaining liquid yields 
greenish-yellow, needle-shaped crystals, which probably consist of MgP.2HgI*, and 
are resolved by water into mercuric iodide, and a solution apparently containing 
MgP.Hgl’^. (Boullay.) 

Potassw’mercuric Iodide, — A concentrated solution of iodide of potassium takes up, 
at the boiling heat, 3 at. Hgl* to 2 at. KI ; and of the 3 at. mercuric iodide, 1 at. is 
deposited on cooling, while the mother-liquor deposits the compound 2(KI.HgP).3H*0 
in long yellow prisms. The crystals, when heated, first give oflf water, and then melt 
to a red liquid, from which mercuric iodide sepfirates. They are soluble in alcohol 
and in ether, but water decomposes them, separating about half the mercuric iodide, 
and the liquid then yields by evaporation a saline mass, which may be regarded as 
2KI.HgP (Boullay). Dilute acids decompose the crystals, separating the mercuric 
iodide. Potassio-mercuric iodide is likewise easily produced by boiling a solution of 
potassium-iodide with mercuric oxide. 

Hodio-jnerciiric Iodide.~lod\de of sodium reacts with mercuric iodide in a similar 
manner to iodide of potassium. The solution, after depositing 1 at. mercuric iodide, 
yields by evaporation, a yellow, non-cry.stallising mass, which turns red when rubbed 
or scratched, from separation of mercuric iodide. 

Sfrontio-mer auric Iodide, prepared like the corresponding barium -compound, forms 
yellowish needles. 

Ziyico-mercuric Iodide, prepared by Bonsdorff, crystallises in yellow, very deliques- 
cent, rhombic prisms. 

Perlodide of Mercury, Hgl^ ? is obtained, according to Hunt, by precipitating 
aqueous mercuric chloride with a solution of potassium-iodide previously saturated 
with iodine. It forms a purple-red powder, which is resolved into mercuric iodide 
and free iodine by heating or by exposure to the air. Gmelin regards it as a mixture 
of mercuric iodide with io l ne. 

MSRCimT, ZOBOCBZ.O&XS1S OF.— HgH'CP.— This compound is produced 
on dissolving mercuric iodide in a hot solution of corrosive sublimate, and separates 
on cooling in white, jagged, fern-like laminse (Liebig). According to Boullay, a hot 
saturated solution of mercuric iodide in corrosive sublimate yields on tabling a yellow 
powder, Hg'TCl ; a loss saturated solution yields, after the yellow powder, pale- 
yellow crystals, which, as well as the powder, soon turn red, from separation of mercuric 
iodide. 

MBRCVJt'F, ZOBOSVMBZBB OF. ^ee Mbbcury, Sulphiodidb of (p. 915). 
MBBC VBT, MBBCAFTZBB OF. with Sulphethylate of mercury. Seo 

Ethyl, Sulphydrate of (ii. 648), 

MBBCUBT, MBTBZBB OF. See Mkrcury-radiclbs, Orqakic (p. 921). 

MBBCUBT. BZTBZBB OF. Hg^N^ See TRiMERCURAMimi, under Mercury- 
bases, Ammoniacal (p. 917). 

MBBCUBT, OBZBB8 OF. Mercury unites with oxygen in two proportions, 
forming the mercurous and mercuric oxides, analogous in composition to the 
chlorides. 

Meronrouii Oxide. Hg^O. Black oxide of mercury (also called dioxide and 
suhoxide of mercury). It is produced by treating mercurous chloride, or the solu- 
tion of a mercurous salt, with excess of caustic alkali. To preserve it from decom- 
position, it must be washed and dried in the dark. Donovan suspends finely- 
divided calomel in water, treats it at once with excess of potash, and then washes and 
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dries the product The mercurous oxide thus obtained yields but few globules of 
mercury on trituration ; but if too little potMh be added in the first instance, there is 
formed, according to Donovan, a mercurous oxychloride ; and on further addition of 
potash, a mixture of mercurous oxide, mercuric oxide and metallic mercury. According 
to Guibourt (Ann. Ch. Phys. [2] i. 4221, ** impossible to obtain this oxide pure, 

because, during washing, even in the dark, it is partly resolved into a mixturt* of 
mercuric oxide and metallic mercury. The product fonned by ttituniting mercuric 
oxide with mercury is merely a mixture. 

Mercurous oxide is a brown-black powder, destitute of taste and smell. The spt'ciflo 
gravity of that obtained from calomel by the action of caustic potash is 8 9603 
(Karsten), 10'69 (Herapath). It is very unstable, being re.solred, even on exposure 
to diffused daylight, or by slight trituration in a mortar, into meivuric oxide and 
melallic mercury. At a r^id heat, it is resolved into mercury and oxygen-gas. 
With aqueous ‘phosphorous arid, it yields mercury and phosphoric acid. Bv 
potassium and sodium, at about the melting points of those metals, it is deconqmsea, 
with vivid ignition and slight detonation, yielding metallic mercury and an alkali. 

It detonates when struck with phosphorus. It is slowly dcconqs^sed by phosphordttd 
hydrogen gas (Graham). When boiled with aqueous iodide of p<»iass“ium, \\ s\o\i\H, 
metallic mercury and potassio-mercuric iodide; if the mercurous oxide is in excess 
mercurous iodide is formed at the same time (Bertln'm ot, J. Pharm, xiv. 189). A 
concentrated solution of sal-autmoniac decomposes it in a similar manner, ammonia 
being evolved, and mercury being separated, together with mercuric chlorid<‘ (Pagen- 
stecher. Report, Pharm. xxvii. 27; L. Thompson. Phil. Mag. 13] 179). Car- 

bonate of ammonium likewise decomposes niercurous oxide into mcrcui'ic oxide and 

metallic mercury. ..... , 

Mercurous salts. — Mercurous oxide dissolves in acids, forming the mercurous 
salts, which may also be produced by dissolving mercury, umb r particular comlitions, 
in certain oxidising acids, such as nitric or sulpliuric acid ; also in somi' eases by pro- 

^Xho normal mercurou.s salts have the composition (Hg'^) A'^ (Hg’) A , (llg*) (A )' 
&c., the symbol denoting an «-atomic acid or chlorous radiclr, sucli as N<)\ SO«, 

^ Mercurous nitrate 

Mercurous sulphate - (*^^^') • 

Those salts may also be regarded as compounds of mercurous oxide with anliydridos, 

or acid oxides, e.g. the nitrate, iis Hg*0.N*0^. , , . , i ^ 

There are also basic mercurous salts, which may l.>e regarded either a^s compounds of 
tho normal salU with morcuroub oxi.lr, or lu. oxy-wilt-., amilonoat. to 
Sc. ; or again as fonnwl on tho typo of two or moro molociiloo wator, in who )i more 
than half tho hyilrngon is rophu-oJ by mercury, e.;/.. tNO“V'l 

2Hg’O.N’U» llg’O.llg'YNO")' - (Hg')'!**''' 


SlIg'O.N'O' - 2Hg’O.Hg'(NO')" 


I O (llg')'! 

i <r‘ ~ (Hg»)*) '• 

For tho properties and rcactiono of morcuroiiB naltH boo p. 

OxidA HirO lird oxide of mercury (also callod ho.rule and deutoxmc 
of mcTuTyT TWO :xide WOB known W tho Aral Job in tho oigh.h con.iiry ioUr 
and aftorZrdB Kaimond I.ulliuB bIiowwI how ti. proparo it '"r^ if mw ^ 

and Boylo, towartlB the end of tho Boventeonth c.-.itiiry, d.eooiorod tlut it may bo 

tirenared bv heating mercury in contact with the air. , , v i . „ 

^ Prevaraiion.—l. By keeping mercury for a month or longer at a boiling heat in a 

floBk &led with air, and having a long l<B»<oly-(itting I uho adapted to ita month: the 
" tU rxttfained is called ill pharmacy, MercurtuM prfscrpitatus prr se.- 1. By ex- 
i “"I fdually incro„Bing to.npon.tnro 

posing B j ve^^el surrounded w'lfh sand, as long as nitrous 

'"■A • oe^lvod To «afe nit^c Hoid. tho nitrate, moiatmod with water, n.iiy 1* 
aeid H an equal weight of merenry. till the latter ia eomplot-ly 

pretnou^ nrooaration ia called Merairim pritcipitntua ruliir. Caro must be 

de^en^: tlM prep The oxide prepared by thi« proceBa on 

taken not tor ^ commerce, it ocenra in ahii.ing cryBlalline greto*- 

the Lussa/the email unpalveriBed cryatale of mercurouB nitrate 

Accor^ to Gay aalt yielde the Bret form. The more perf^ 

eetondformofthe ondOuttlu^^^^^^^ J undoubtedly due to t)» 

T*^™to“at Utoh the hMt^incrca»eB._3. Ify precipiUting a diatolved mercun* 
excew of 
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Impuritm and AdvdieraHons.-^-l, Basie i^curio nitratey when the salt has not been 
sufficiently heated. The oxide containing Ms salt gives off nitrons vapours i^hen gently 
heated in a retort. It may be purified in this manner, or by boiling with potash-ley, or 
by washing with water. — 2. Nitre. Maybe completely removed by boiling-water. 
—3. Minium. Remains in the form of fused protoxide of lead, -when the mercuric 
oxide is strongly heated in a glass tube, or in the form of peroxide of lead, 
when the mercuric oxide is dissolved in nitric acid. — 4. Brick duet. Remains 
behind, when the oxide is ignited or dissolved in nitric acid. — 5. Cinnabar. Remains, 
when the oxide is dissolved in hydrochloric acid. 

Propertiee. — ^Pure mercuric oxide is generally crystallo-granular and scaly, shining 
and or a bright brick-red colour; by pulverisation it acquires an orange-yellow colour, 
lighter as the powder is finer. When prepared on the small scale, it is a dull, floccu- 
lent, earthy mass or powder, of a brownish brick-red colour. When obtained by 
precipitating a mercuric salt with an alkali, it forms a light orange-yellow powddt'. 
Specific gravity: 11*000 (Pol. Boullay), 11 074 (Herapath), 11*1909 (Karsten), 
11*29 at 4° in vacuo (Royer and Dumas), 11*136 (Playfair and Joule). — When 
heated, it becomes vermillion-red, and afterwards vioh^t black, but recovers its original 
colour on cooling. It has a repulsive metallic taste, and is a violent acrid poison. 

The precipitated yellow oxide is more readily decomposed by heat and by chlorine 
than the red oxide obtained by the first or second method. The difference is attributed 
by Pelouze (Compt. rend. xvi. 50) to the difference of aggregation of the two varieties, 
the precipitated oxide being amorphous and the calcined oxide crystalline; but Gay- 
Lussac {ibid. xvi. 309) has shown that the diffbrence is mainly due to the more finely 
divided state of the precipitated oxide; chlorine acts less readily on the calcined oxide, 
because the smaller surface presented by the latter quickly becomes covered with 
mercuric chloride, which impedes the further action of the chlorine; but if the two 
varieties of the oxide are subjected to the action of chlorine under water, which dis- 
solves the mercuric chloride as fast as it is formed, no difference in the rate of action 
on the two can be perceived. The yellow as well as the red oxide is anhydrous. 

Mercuric oxide is not quite insoluble in water; according to Wallace (Chem. Gaz. 
1858, p. 345) 1 pt. of it dissolves in 200,000 pts. of cold water after longstanding, and 
in 125,000 pts. after boiling and cooling of the liquid. The solution has a strong 
metallic taste ; turns violet juice green ; becomes covered on exposure to the air with 
shining films of metallic mercury ; is turned brown by sulphydric acid, and milky by 
ammonia. (Guibourt, Donovan.) 

Decompositions. — Mercuric oxide gradually turns black when exposed to sunshiney 
being superficially decomposed into oxygen and metallic mercury, according to 
Guibourt, or, according to Donovan, into oxygen and mercurous oxide. At a red henty 
it volatilises completcdy, being resolved into oxygen gas and vapour of mercury. Part 
of the mercurial vapour again takes up oxygen, and the oxide thus formed collects on 
the surface of the mercury which passes over, and diminishes its fluidity. With 
phosphorus, mercuric oxide detonates undc^r the hammer. Boiled with phosphorus 
and water, it yields phosphide of mercury and aqueous phosphoric acid (Pelletier) ; 
at ordinary temperatures, the same mixture yields fluid mercury and phosphoric 
oxide, no phosphoric or phosphorous acid dissolving in the water (Braamcamp and 
Siqueira). A phosphate is likewise formed at the same time (Gmelin). Aqueous 
phosphorous acid forms mercury and aqueous phosphoric acid (Braamcamp and 
Siqueira). Mercuric oxide mixed with sfdphur, and heated in a retort, produces a 
tremendous explosion (Proust). Concentrated srdpkurous acid boiM with this 
oxide, immediately converts it into fluid mercury, -with formation of sulphuric acid. 

At ordinary temperatures, smaller quantities of sulphurous acid produce a rise of 
temperature amounting to 7*5°, and fbrra a Ikyte powder, consisting of mercurous 
sulphate, part of which dissolves in the liquid, t An excess of sulphurous acid turns 
this powder grey, and reduces it very slowly, but completely, to metallic mercury. So 
long as this change remains incomplete, the liquid still retains mercury, but is not 
rendered turbid by addition of common salt ; nevertheless, it gives a precipitate with 
sulphide of ammonium, and after long standing, or immediately on boiling, deposits 
metallic mercury in the form of a grey powder ; the precipitation of the mercury is 
complete, provided the quantity of sulphurous acid is not too small (A. Vogel). 
Potassium or sodium heated to the melting point, decomposes mercuric oxide with 
•vivid combustion and slight detonation, yielding metallic mercury and alkali. (Gay- 
Lussac and Th5nard.) Zinc and tin filings, and pulverised antimony hesS^ek with 
mercuric oxide, likewise occasion fiery decomposition. Solution of stannous chloride 
poured upon mercuric oxide reduces it to the metallic state, and is itself converted into 
stannic chloride, part of which is precipitated in the form of a basic salt, the action being 
attended with a rise of temperature amounting to 60® (A. Vogel). Hydrated ferrous 
oxide converts mercuric into mercurous oxide ; so likewise do ferrous salts (Dufies, 




Schw. J. Ixv. 116). Heated Bolution qt tifur reduces mwmne to mercujroua o»ido 
(A. Vogel). Chlorine gas decompoaea xamanc ojdde at a rod heat, the product* 
beiiig oxygen gas and mercuric chloride ; at lower temperatures, hypochlorous add 
andmercuric cmoride are formed. The latter sometimes combines with the excess of 
oxide, forming mercuric oxychloride. . - . . . 

ConUnnations,^!. With Ammonia.— Th^nard’s fulmtnaUng msrcurg, see Man- 

CUBY-BASES, AMMONIACAI., p. 918. „ v -r 

2 With Lime.— This compound is obtained, according to Berthollet, bv boiling 
mercuric oxide with lime and water, separating the solution from the undissolved twr- 
tion, and evaporating the liquid to the crystallising point It then separates in yellow 

transparent crystals. , . . i • • i 

3. Mercuric Salts.— These salts are formtKl by dissolving mercuric oxide in acids , 
alsoiy the action of oxidising acids aided by heat on metallic mercury ; also with 
evolution of ammonia, on iKiiling various ammonium-salts with mercuric oxide. Ihe 
normal salts may be represented by formula Hg"A„, or (Hg )"(A»*) , the symbol A 
denoting an «-atomic acid or chlorous mdicle, t.g . : 

llB"(NO-y - (7, l|o« 
Hb"(SO')” - 


Mercuric nitnvte 


Mercuric sulphate 
Mercuric phosphate 


(PO)* 


lIg=*(PO«)» « 0*. 

Ui-) 


The basic salts may be represented by formube similar U) tlioso of the basic mer- 
curous salts, 


2Hg"0.N’0‘ 


3Ug"0.N*0‘ - 


3Hg"0.S0* 


2lIg"0.Hg'\H0‘)" = 




(SOO'’ 


0<. 


Normal mercuric salts are, for tlie most part, colourless ; tim bnsie salts yellow. 
theVhave “nauseous metallic taste, and are violtmt m-nd poisons, liny are < eco n- 
noild bv water especially at the Ixjiling h«*at, with s. paration, generally of a basic salt, 
CtmetTl* ’of Lreurl oxide, h» fron. .ho .ntrete, 

an acid mercuric salt, sometimes a free acid. Hence H. Rose (I ogg. Ann. cvii. ), 
an ama me^ur weakest of all basic oxides, no other oxide being preci- 

regards mere i,,x- yult^ bv water In the solution of mercuric ehlonde, 

no salt, the oxide being precipitat<4 

strong “““ ^,2 ^ of monuric chloride, do not form o preci,,.. 

oxides which, when add^ to a soiui ^ bvmereiirie oxide from their Sf)lutions 

either of oxide ^ precipitate inercurie oxide from the solut ion of 

m hydrochlonc acid, when . 1 . , Holutions of their own chlorides, 

the chloride, are not thrown down y from their solutions in hydrochloric acid 

Thu» the al>^ i- eomplctoly 

byine^coxide. From solution oi y^ („„t„Bano..H Hulph....', on tho othor 

precipitated after _ solution of chloHdr of Uad, mercuric oxide throws 

Lnd, is not decomposed). From h^red-brown oxychloride (sulphate and 

down oxide of lead; from / ‘ » j chlondJ of nirhl and a, halt it 

acetete of zinc are f completely, the bitter for the 

precipitates the protoxides o ,ip«nmr>oHedl From /er rot/s cA/e/rA/r, ferrous oxide 

most (the *"'eJ^*^ri7oxide^immJlhHlclv tumiriK but heroming r«i again 

,s prceip... od, th«roe.^no 0 jf th,M,uant..y of me^unc ox.Ja 

after a while; nxvfhloride • and the insoluble residue conHists 

present is not sufficient oxychloride, profiuc^^d by the n action. 2Ug 0 -r 

oi Jnercurous ehlonde ^ From/emc cMoride, mercuric oxide in excels 

2Fe"Cl» =^(Hg )CF ^ iJ oxZformhg un insoluble mercuric oxychloricte 

throws down all the mm as From ouprie M,ruh it throws 

(ammonio-femc sulphate is cupric sulphate is decompf^swl ly it after a long 
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xmuamr, oxrrisimtiaAa bromde. ^Br»o» or 

3Hg"0.Hg"Br*. — This compound is.obialkil^'aMi^ to Lowig, by boiling mercuric 
oxide and bromide together in wateis, by bomnga solution of the bromide with a 
quantity of potash not sufficient to pre^itate it completely. As thus prepared, it ia 
a yellow crystalline powder, and crystallises from its aqueous solution in yellow 
needles. Kammelsbeig obtained it, as a dark-brown powder, by precipitating mercuric 
bromide with carbonate of sodium.— Mercuric oxybromide is insoluble in cold, some- 
what soluble in hot wa^er, easily soluble in absolute alcohol (Lowig), insoluble in 
aqueous alcohol (Hamm els berg). It is resolved at a gentle heat into oxygen gas, a 
sublimate of mercury, mercurous and mercuric bromide, and a residue of mercuric 
oxide (Lowig). By boiling 'potash, it is converted, according to Lowig, into pure 
mercuric oxide; whereas, according to Eammelsberg, it remains unaltered. Mine add 
dissolves mercuric oxide from it, and leaves the bromide. (Eammelsberg.) • 
HfliRCirBTy OXTCBXiORZDfi OF. Mercuric chloride and oxide unite in 
several proportions, and the compounds may be obtained in various ways : as by the 
action of mercuric oxide on a solution of the chloride ; by incomplete precipitation of 
the latter solution with caustic alkalis or alkaline carbonates ; and finally, by the action 
of chlorine on mercuric oxide. According to Millon, 1 at. mercuric chloride unites with 
2, 3, or 4 at. mercuric oxide; but it is difficult to avoid obtaining mixtures of these 
several compounds. The usual mode of preparing them is to mix a solution of mercu- 
ric chloride saturated at 16° with a solution of perfectly pure monopotassic carbonate 
(KHCO**) saturated at the same temperature. A precipitate of pure oxychloride is then 
at once obtained; whereas if a neutral alkaline carbonate be used, the oxide is precipi- 
tated : 

o. ifg^FO^ = llg'CP.-illg'O, is obtained by mixing 1 pt. of the solution of 
monopotassic carbonate with 6 to 10 pts. of the solution of mercuric chloride, stirring 
and immediately collecting the pr(‘cipitate in a filter. It is a brick-red non-crystalline 
powder containing yellow mercuric oxide, which may be separated from it by potash. 
When 1 pt. of the solution of the acid potassium-salt is mixed with 3 or 4 pts. of the 
mercuric solution, the liquid being well stirred and then left to itself, a bright yellow 
precipitate is first formed, which gradually turns red, especially on agitation, afterwards 
acquires a tinge of purple-red, and ultimately of violet. It has exactly the same com- 
position as the preceding. When 1 pt. of the potassic solution is mixed with 3 pts. of 
th(i mercuric solution, and the liquid is briskly stirred with a glass rod, black streaks 
begin to form on the side of the vessel; and if the contents are poured out, and a fresh 
mixture prepared, and briskly stirred, a dark precipitate is formed, the colour of which 
gradually passes into shining black. It has the same composition as the preceding; 
but when treated with potash, it yields red mercuric oxide. 

0, llg^Cr‘()'^ = IlgCr\3IIg"0. Obtained on mixing the solutions in equal volumes, 
and leaving the. mixture at rest. The liquid then becomes filled after a while with 
shining, golden-yellow, crystalline scales, from which potash separates yellow mercuric 
oxide, 

y. Hg^Cl‘‘‘0* « HgCr*.4Tfg"0.— When 4 to 6 pts. of the potassic solution are 
mixtxl with 1 pt. of the mercuric solution, no precipitate is formed at first ; but, after a 
while, carbonic ahhydride is given off, and a brown crystalline crust, having the com- 
position above given, forms on the surface of the liquid. The same compound is 
gradually deposited from all the liquids filtered from the preceding oxychlondcs, and 
18 likewise obtained by imperfect precipitation of a Vami solution of mercuric chloride. 
Potash separates the red oxide from it. All th|f other oxychlorides are converted into 
this compound when treated with boiling wator^* tile liquid then depositing, on cooling, 
shining crystalline scales, also consisting of the same compound, but containing the 
yellow modification of the oxide. The same compound is obtained, according to 
Thaulow, when chlorine gas is passed into water in which mercuric oxide is sus- 
pended ; the analysis of the compound thus produced does not, however, quite agree 
with the formula of the tetrabasic chloride. (Handwbrterhuch der Chemie, vi. 772.) 

When a solution of mercuric chloride is boiled with mercuric oxide, or triturated 
with it, and then left to itself for a considerable time, several oxyclilorides appear to 
be formed. A solution of mercuric chloride boiled with the oxide deposits, on cooling, 
a mixture of the several oxychlorides ; and on decanting the liquid, as soon as it has 
cooled to 60°, it yields small rhombic crystals of the compound Hg*GPO or 
2HgCl*.HgO, which may be freed from admixed mercuric chloride by absolute 
alcohol. (Eoucher.) 

According to Boucher’s latest experiments (Ann. Chim. Phys. [3] xxvii. 363; 
Jahresb. 1849, p. 283), the composition of the oxychloride form^ by the action of 
mehjurrc chloride on mercuric oxide, is different, siccording as the red or the yellow 
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modification of the oxide in ivind ^wise variee with the tern* 

peraturo and the nature of the swrah^^lt^ '^igh temperatui^ whether the red or 
yellow variety of the oxide be employed* fi^ iA^er the chloride be used in the etate 


4of aqueous or of alcoholic solution, the filmed are invariablv the same, vis. a 

black Jnsoluble compound, HgCl’.2lIgO, oohtaini^ the red oxiao, and a whiUi, 
somewhat soluble substance, consisting of 2Hg01*.HgO. At ordinary tempemtures, 
the yellow oxide always produces the yellow compound HgCl*.3lfgO. The red 
oxide, digested in the cold with excess of corrosive sublimate, dissolved either in water 
or in alcohol, forms black HgCl*.2lIg() ; but when tlie oxide is in excess, and the 
chloride is used in the state of aqueous solution and frequently renewed, a more 
enei^etic action takes plac,e, and the compound formed is IIgCl®.6llg0.1l*0 ; by 
operating in a similar manner, but using a tjomewhat larger quantity of the chloride 
sq^ution at first, the anhydrous compound llgOl-.dHgO is produced. Finally, the 
nature of the product is influenc'd by trituration ; for, t)y triturating the red oxide in 
the cold with solution of corrosive sublimate renewed at short intervals, the prwluct 
HgCl'MllgO is obtained. 

All the mercuric oxychU)rides yield, when luiatod, a sublimate of mercuric chloride, 
or are further decomposed into oxygen, men'urous and mercuric chlorides, and a residue 
of mercuric oxide. 

lIKBllCVXtY, OXYCYAlfXDB OT, See Cvanidbs (ii. 26ft). 
mmxtcmtY, oxYrxiVORXBB or. Soo p. 903. 

MBRCVRY, OXYOBlf-SAXiTS OF. For the general characters of these 
salts, see pp. 899, 900 ; and for the special descriptions, sue the several Acids. 

MZOtCirRY, OXY-IODIBB OP. Ifasic mercuric imiule. IjfgUH)* «- 
HgP.allgO.— This compouml is obutinci by melting the oxide and iodide together 
in the nxiuirod proportions, or by heating the mhVuU) with dilute ^flash-ley. It is a 
yellowish-brown powder, mostly mixed with excess ot oxide. [For its reactions with 
ainiiionia, see Mkhcuhy-masks, Ammoniacal, p. 91 9. J 

HfBBCITRY, PH08PHIBX3 OP. This compound is formed: — !. Jly hwding 
finoly-dividod num.ry with Ij pt i.h..>,,.lion.H (l*ol lot i .r) ; 2Hy(h>8lii.K 2 p(«. of 
mercuric oxide with U phosphorus and I water, mercuric phosphate being formed fit 
the same time (Pelletier); 3. By ileconuMising heutcl ealornel with viiixmr of phos- 
rliorus (11 Davy); 4. By boiling aqueous mercuric chloride with phosphorus 
rBoullav) ft- In the doconipositioii of mpieous niercurouM nitrate by phosphoretltMl 
hydrogen (Thomson); 0. When phosphorettod hydrogen giis is passed over dry, 
KHghHy.-heatod tiicrcuric .hloridc. wh.T.-uiK>u tho phrwphido of mercury nublmiim. 

^^I’lmephido of inerciry (1 otul 2) i» black; may he cut, wlUi a knife ; Kivee off when 
di«t,illod, first the phosplcrus, uiul afterwarde the mercury ; and, wlieii oximHod W tl o 
air cradu,-.lly IohL its phocplmnie by .,xidulion. Ihat, prepared by metho.! (d) m 
Inlwii (H. Davy), hrown-r..l (Herzeliue); accor.linK to Jhtvy it remaiiw Holid at 
the boiltnc iHiii.< of mercury, and may he preei rvcd uiialterwl. That, preparixl Ity ( ') 
nl X ttrlu .,f dark-hrowu flakes. The prcp,.n.t iot, (B) ts an orauKc-yel ow euhh- 
mate, which, when somewhat suddenly heat.sl, is resolved into pliosphorns and mercury. 
(II. Hose, Pogg. Ann. xxiv. 33ft.) 

MBRCVItT. FHOB»KOOBI.O»n>l>S ®>:- T a— 
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Viewing table : 


Mercuiy 

Selenium 

Sulphur 


Tilkerode, 

Schulf. 

74-02 

23-61 

0-70 


98-33 


Eot^, 

Merit. 

ClausihaL 


Kerl 

74*6 

thT 

74-82 

25-6 

24-39 

24-90 

100-0 

99-60 

99-72 


The Tilkerode mineral contains also a trace of copper. When it is heated before the 
blowpipe, the greater part volatilises, leaving 11 So percent, of foreign matter, including 
10-86 per cent, feiric oxide). The preceding analysis applies to the volatile portion^ 
If the loss be reckoned as selenium, the mineral has very nearly the composition 
Hg'Se. The analyses of the minerals from Zorge and Clausthal lead nearly to the 

formula Hg“Se*, which is that of a mercuroso-mercuric selenide containing Hg*So. 
4Hg"Se. It is possible however that these minerals may really consist also of mer- 
curic selenide Hg'Se (Rammelsberg’s Mimralchemie^ pp. 35, 1010). 

The native selenides of mercury are massive minerals, with compact granular texture 
and no cleavage. Hardness = 2 '6. Speciti^Tgravity = 7*1 to 7*37 (of the Clamsthal 
ore). Lustre metallic. Streak shining. Colour steel to blackish lead-grey. 

Selenide of Mercury and Lead forms the mineral Lehrbuchite^ occurring at Tilkerode 
(pp. 668, 670). 

. Selenide of Mercury^ Lead^ and Copper. — Minerals ha\dng this composition occur 
at Tilkerode and at Zorge in the Harz ; they are intimate mixtures, in which a white or 
grey mineral crystallised in small cubes, and a violet mineral, may be distinguished. 
Two specimens analysed in Rammelsberg’s laboratory gave 

Se. Pb. Cu. Hg. 

a. (Specific gravity 5-74). . . . 38-53 25-36 22 13 13 12 = 99-14 

b. ( „ „ 4-86) .... 34-19 43*06 17 49 3 61 = 98 34 

MBXOUHTf SBBBVXO-SVXiPBZlIS OF. Onofrite. — A mineral occurring 
with other ores of mercury near San Onofre in Mexico. It contains according to 
H. Rose’s analysis (Pogg. Ann. xlvi. 316), 6 49 per cent, selenium, 10*30 sulphur, and 
81-33 mercury,; whence it appears to be a compound, or perhaps an isomorphous mixture, 
of 1 at. HgSi and 4 at. HgS. In its physical characters it resembles mercuric 
selenide. 

Del Rio (Pogg. Ann. xiv. 182) mentioned a grey mineral from Calabras in Mexico 
containing 49 per cent, selenium, 1-6 sulphur, 24 zinc, and 19 mercury ; also a red 
mineral likewise containing selenium, mercury, and zinc. Subsequently {ibid, xxxix. 
626), he described the latter as a mixture of seleuio-sulphide of mercury, selenide of 
cadmium, selenide of iron, and free selenium. 

BKBBOirBTf SVXiPBZBBS OF. Mercury forms two sulphides, analogous to 
the oxides. 

Mercurous Sulptlide. Hg*S. — This is the black precipitate formed by sul- 
phydric acid or sulphide of ammonium in solutions of mercurous salts. It may bo 
prepared by passing sulphydric acid gas through a solution of mercurous acetate ; if the 
nitrate is used, the liberated nitric acid exerts an oxidising action on the precipitate. 
The best mode of preparation, according to Berzelius, is to drop a dilute solution of 
mercurous nitrate into a dilute solution of sulphjfflrate of ammonium or potassium ; or 
a solution of either of these sulphydrates may fi^’poured upon calomel recently preci- 
pitiited and still moist. 

Mercurous sulphide in the drv state is a deep-black powder; it is resolved at a 
geutlo heat into mercuric sulphide and metallic mercury, which remains mixed with 
the sulphide in the form of small globules. At a strong heat, it yields a sublimate, 
first of meUllic mercury, afterwards of cinnabar. 

Mevourio Bulpliido. Hg^S. This compound exists both amorphous and cry- 
stallised ; in the former state it is black ; in the latter, it luts a fine red colour and 
constitutes the well-known pigment called cinnabar or Vermillion. 

a. Amorphous Mercuric Sulphide. — When mercury and sulphur are triturated 
together for a long time in the proportion 100 mercury to 16 sulphur, they unite and 
form black mercuric sulphide; the product thus obtained is called in pharmacy, 
Aethiops minerals. — The same compound is formed by heating 6 pts. mercury with I 
pt. sulphur ; bat the product thus obtained is of rather uncerUin composition, owing to 
the volatilisation of a portion of the sulphur ; moreover it contains a considerable quan- 
tity of cinnabar, which remains undissolved on boiling With potash, whereas good 
Aethiops is wholly or almost wholly soluble in that liquid.— The amorphous sulphide 
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is aloo pr^uced by precipitating the ^ a mercuric salt with excels of tnlphj^ 

dric acid or a soluble sulphide; by a^tatii^li^iinmry with^^^ of amnumittm ^ 


or potassium ; and by ex^ing cinnal^ to^very gentle heat in a close vessel. 

Amorphous mercuric sulphide i8'*’a ▼slwii^black powder or a ^yish-black mass 
When heated somewhat strongly in a doso vessel^ it yields a sublimate of cinnaliar ; 
but on heating it in contact with the air, the sulphur burns and the men ury volatilises ; 
when ignited with caustic alkalis or alkaline carbunates^ it gives off all its mercury and 
leaves a residue of alkaline sulphide (liver of sulphur). It witlistunds the action of 
most solvents, but is decomposed, with separation of sulphur, by very strong wiTinc add ; 
dilute nitric acid has scarcely any action U|)on it ; iiitromuriatic acid dissolves it with 
tolerable facility. It is likewise soluble in aqueous suluhidc of potassium^ and the 
solution solidifies on evaporation to a mass of slender ciuourless nt'edles consisting of 
potassio-mercuric sulphide, K*Ifg"8’.6ir'‘0, which is decomposed by water, with 
separation of black mercuric sulphide. 

/8. Cry stallised marc uric sulphid f. Ciunnhar, VermilJion. Cinnabar occurs 
native, being in fact the most important t)re of mercury : its principal h»calitieM havo 
been already enumerated (p. 88.*1). By far thegreat<*r part of the Vermillion occurring 
in commerce is however prepared by sublimation of the amorphous sulphide. 

Formation and preparation.^l. In the dry reay.— Mercury, mercuric oxide, or 
triraercuric sulphate, sublinuKl with sulphur, yields cinnabar. When /) or 0 piurts of 
mercury are added to 1 part of melting sulphur, and the mixture is heated, with constant 
stirring, till the sulphur becomes tliick, combination takes place sudihuily, atteudcHl 
with evolution of light and heat, and with violent crackling and proj<?ction of the mass. 
The resulting compound exhibits a bbickish-red colour, and frequently a distinct red 
streak; it may be regarded as cinnabar partly mixed with black sulphide of mercury, 
and partly with uncombined mercury and sulphur in a state of minute division. Now, 
when this crude product, after being pounded, is mixed with a small uuantity of sulphur, 
and a gla.s8 fiask half filled with it is loosely closed with a chariioal stopper, sunk to 
two-thirds of its depth in sand, and exjiosed for some hours to a red heat in a slow- 
drawing wind-furnace, a sublimate of pur<' cinnabar is obtained. The excess of sulplmr, 
being more volatile than tin* cinnabar, escapes; foreign metals remain in the form of 
sulphides s* the bottom of the flask. If the upper part of the tlask becomes too hot, 
a portion of the cinnabar may be lost by volatilisation. 

Old method of preparation in -170 pounds of mercury are gradually 

added to 50 pounds of melted sulphur contained in a cast-iron ^)ot, the materials being 
stirred up with an iron spatula, but nut so rapidly as to give rise to active combustion 
— the mixture is poured out upon an iron plate, and broken into pieces after cooling— 
and the fragments are put into hand-jars capable of holding 1} ^mnds of water. 1 is 
subliming vessels are eurthern eylindei*s 4 feet liigh, glazed within, and closed at tlio 
bottom - they are sunk to two-thirds of tlmir depth in a furnace in which thoir lower 
part is heated to redness. A few hand-jars full of the mixture are thrown into each of 
tlu«o subliming vessels, and the contents left crackle and burn till he greater part 
of the excess of sulphur volatilises, and the flame diminishes. The sm(K)th, level 
opening is then covered with a thick, smooth plate of cast-iron ; the plate removed as 
soon as a sufficient quantity of cinnabar has collected upon it ; the cinnabar which has 
collected on the upp‘r part of the ves.sel is pushed down again ; u fresh plate put on, 
&c &c The contents of the cylinder are stirred up from time to time, and fresh 
material is introduced. The cinnabar, after being detached from the plates, is ground 

number of cueke, e,.el. eon.uining 8 pound* of 
CTOund sulphw and 42 pounds of mercury, are made to turn upon their mx« s for two 
S^three hours, till the contents are converted, with slight evolution of heat, inUi a 
brown powder. 100 pounds of this |xiwder are then introduced into an upright i^t- 
iron cylinder previousb^l»«*ti ^ ^ furnace ; the cylinder iscovfjr^ with an 
kZZwn by weights till the crackling of the mass is over ; and the iron capit^ is then 
^ w of Mtone-ware having its beak connecU*d with a tube and receiver, and 

the'fo^sYncreased The best cinnabar collects in the capital, which m awards 
thesis . which condenses in the tuls^ and receiver, if mixed with excess 

to the Quantity introduced at the next sublimation. The cinnabar, 

tS r'., -U, ». « .. 

Chnese metha. con»Untly inoi»t, i» luted ; the Are is 

pure Bublt* 
large veswd 
: after a while. 
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the process being twice repeated; and lastly, the sediment at the bottom is dried, 
(N. minb. J, of 8e. ii. 352,) ^ ' 

European cinnabar, whether prepared in the diy or in the wet way, ali^rays has a 
tinge bf yellow ; the Chinese, which is six times as dear, inclines to carmine colour, 
although no foreign matter can be detected in it, exceptmg a little glue. By the sub- 
limation of common cinnabar with 1 per cent, of sulphide of antimony, a dark steel- 
grey cinnabar is obtained, which becomes brown-red when pulverised : but if it be 
finely ground, and repeatedly boiled with solution of liver of sulphur, then thoroughly 
washed and digested with hydrochloric acid, and afterwards washed and dried, it 
becomes exactly like the Chinese Vermillion, but of a still finer colour. No antimony 
can be detected in it. (Wehrle, Zdtschr. vkys, v. Wiss. ii. 27.) 

The principal point to be attended to in the preparation of cinnabar by sublimation, 
is that no black amorphous sulphide shall get mixed with it. 

2. In the wet way.-^The black, amorphous sulphide of mercury obtained by the 
action of sulphydric acid, or of alkaline sulphydrates or persulphides on mercury, its 
oxides, and salts, is converted by contact with alkaline persulphides, slowly in the 
cold, but quickly when heated, into the red sulphide. 

Very fine cinnabar may be obtained by immersing recently precipitated “ white 
precipitate ” (p. 916) in a solution of sulphydrate of ammonium, or in monosulphide of 
ammonium previously saturated with sulphur : the black colour which the precipitate 
first acquires passes, at a temperature between 40° and 50°, through red-brown into 
the beautiful deep red of Chinese vermillion, the change taking place more quickly as 
the liquid is more concentrated. The colour may be rendered still brighter by subse- 
quent digestion with potash at a gentle heat. (Liebig, Ann. Ch. Pharm. v. 289; vii. 49.) 

Brunner (Pogg. Ann. xv. 693) carefully triturates 100 pts. of mercury with 38pts. 
of flowers of sulphur, till the whole is converted into black amorphous sulphide — a 
process which requires three hours for small quantities, and twelve hours if the quantity 
amounts to a few pounds — and heats it in a porcelain basin or a cast-iron pot, with a 
solution of 25 pts. of potassium-hydrate in 133 to 150 pts. of water, keeping the tem- 
perature uniformly at 45°, and never letting it rise above 50°. At first the mixture is 
continually stirred with the pestle, afterwards from time to time. The water which 
evaporates is replaced, so as not to allow the mixture to acquire the thickness of a 
jelly. When the reddening has once begun, which generally takes place in about eight 
^ours, the heat must not bo allowed to rise above 45° ; and as soon as the red has at- 
tained its greatest degree of brightness, the vessel is removed from the fire, or else, 
which is better, the mixture is kept for some hours exposed to a gentler heat. It is 
then washed, and the mercury which remains metallic is separated by levigation, 
whereupon it yields from 109 to 110 per cent, of cinnabar, but little inferior to the 
finest native variety, and far superior to that obtainc^d by sublimation. The above- 
mentioned proportion of the ingr^ients gives the largest amount of cinnabar; 100 pts. 
of mercury yield with 40 pts. of sulphur and 40 of potassium-hydrate, 107 cinnabar; 
with 28*3 sulphur and 51 potassium-hydrate, 94 2 ; with 33 to 40 sulphur and 60 
potassium-hydrate, 81-6; and with 30 sulphur and 60 potassium-hydnito, only 47*3 
cinnabar. (Brunner.) 

Ddberei ner (Schw. J. Ixi. 380) gently heats mercury with a solution of pentasulpliide 
of potassium, triturating it continually, till the mercury is converted into a dark red 
powder, a change which generally takes place in about an hour and a half; he then 
decants the liquid (which contains protosulphide of potassium, and by digestion with 
sulphur may be rendered fit for another pr(‘paration of cinnabar), and triturates the 
powder with a small quantity of dilute potash-^y at 40° or 45°, till it acquires a fiery 
red colour. « 

If the cinnabar has become brown from beJWg heated too long with sulphur and 
potash-ley, it may be restored to the state of the finest vermillion by the addition of 
water and the application of a moderate heat. (S torch. Report. Pharm. xxxv. 107.) 

Th. Martins (Kastn. Arch. x. 497) phvces the ingredients in bottles closed with corks 
and packs them into a box, which is fastened to the upper beam of a saw-mill. In 24 
or 36 hours, at ordinary temperatures, the most beautiful cinnabar is obtained ; it is 
afterwards washed and dried. This method not only has the advantage of dispensing 
with the labour of trituration, but likewise prevents the hitherto unexplained pass^ 
of the cinnabar into the brown state, which is so liable to take place on the application 
of beat 

Adulterations. — remains behind on ignition. — Oxide of iron, the same; it 
may also be dissolved out by hydrochloric acid. — Red lead remains behind on ignition 
in the form of a fused protoxide, and yields chloride of lead, with evolution of chlorine, 
on boiling the substance with hydrochloric acid ; the chloride thus formed may be 
extracted by boiling water. — Dragoti^s Blood : Empyreumatic odour on the application 
of heat ; gives a red colour to alcohoL 
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Properties. — ^Native cinnabar and many of the artificial varieties form hemihedral 
eryataiB h^lon^ng to the hexagonal system, the primary form being an acute rhombo* 
hedron, in which the length of the princij^ axis is 2 29, and R : R in the terminal 
edges 71 ° 48'. The most ordinary combination is R . oR, somewhat like jig. 361 
(ii. 224) ; also with ooR, the latter sometimes predominating. Cleavage parallel to 
ooJR. Cinnabar obtained by sublimation assumes the form of fibrous masses. Specific 
gravity of the native mineral, 8 0 to 81 ; of a cleavable variety from Neumarktel, 
8*998; of the artificially sublimed compound, 8*0602 (Kars ten), 8T24(Pol. Boullav). 
Hardness of the native mineral = 2 to 2*5. It is sectile and has a subconchoidal 
uneven fracture. In the mass it is cochineal coloured, transparent, and has an ada- 
mantine lustre; its powder is scnrlot. It l)ecomo8 brownish when gently heated; 
quite brown at 260®, and black at a higher temperature ; but if the heat has not been 
strong enough to cause it to volatilise, it recovers its fine scarlet colour on cooling. 

JPure mercuric sulphide contains 86 2 per cent, mercury and 13 2 sulphur ; native 
cinnabar is, for the most part, nearly pure, the percentage of mercury varying fW)m 
about 78 to 86 per cent. 

In its chemical relations cinnabar, both natural and artificial, resembles the amor- 
phous sulphide, excepting that it is still less cjisily attacked by solvents. Heated 
with f’row, tin, antimong, and several other metals, it yields metallic mercury anti a 
sulphide of the other nictal. Caustic alkalis and alkaline carbonates also liberate the 
mercury at a red heat, while a mixture of metallic sulphide and sulphate remains 
behind ; thus with lime : 

4HgS + 4 ChO = Hg< -f 3 CaS + CaSO*. 

Ileatod with protoxide of lead, it gives off sulphurous anhydride aiul mercury, leaving 
very pure metallic lead, and a fused slag, which, if the oxitio of lead is not in very 
gre.iit excess, contains undecompfjsed cinnabar. 

MBACU&T, BUXiPHOBROMIDB OP. ifg^Hr’S^ IlgHr».2Hg8. When 
sulphvdric acid gas is passed through a solution of mercuric hronnde, a white precipi- 
tate is at first formed, consisting of this compound, which is aflerwanls trnnsforme<l by 
excess of sulphydric acid into black men>uric sulphi<le. The sulphobroinnlo is also 
produced l)v digesting the black sulphide with the aqueous soluMou of the braimde. 
it iH yello^sh-whito when dry ; up into m-n'uric l.^.nnd.• '‘f ‘■'""'‘H" ^ 

hoatod: in blackonod by alkalis, but lo»8 quickly than the corrcH,K, mlinR rblonno-r. 
pound. It is neither decomposed nor dissolved by nitric or sulidiune acid at the 

boiling heat. 

MBSCURT, 8UX.PHOCHX.ORIBB OP. irg^Cl-S^ ProducA'd by rowaions 
similar to those above described for the sulphohromidc. which it rcHombles its pra- 
peXs and in most of its reactions. Heated in a current ol chlorine gas, it yields 
chloride of sulphur and mercuric chloride. 

MBRCURT, 8irX,PK0.X01>X»B OP. ifgH'^S » HglMlg' S. Produced like 
the preceding compound, which it rosomhles. 

wraMvmT-BABBB. AMMO JTXACAB. (C. O. M i t s c h e r 1 i c h, Pogg. A nil. 
ix^xH^.-Kane. Ann. Ch. I'hyH. |2] iZ', m 

^nd on mercury. comiKmnds, a variet y of suhsUnces ara form^. i»ome 

of wliichwere originally reganli^as c<.inpounds of 

01 wmea wore 6 Tlrr 'rP * amnumw-mercurous chlforidc, 2NU .(ng ) , 

^^rnfmu>-mercurxcchl^^^nj\^ ’&r ^ane. in accordance with his umidogen 

K^S^Iirb^ther mercury- ^ amid<>geii-com[X)unds. Hirzol and others naxe repre- 
bined with other «/* ^ncrcwnTNHHg")*. as a proximate cxinstituent. 

r^i^rJ’»ZST»i^4lnTIirin,onialito which the hydr.|gcn 
^rhardt flirt that been further dcvalopo-i, in 

compound iJfoTOod from a mercuric or a mercurou. salt, thu. 
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Dimonsurosamiaoiiittm . 
Tr i mercarammonium 
Ti'imercurosammonium . 
Tetramercurammonium 


N*H*lfg* 

N*H*(Hg*)* 


None of the meFCurammonioms have been obtained in the free state ; but trimer- 

curantine, tfg’N’ is produced by the action of ammonia-gas on dry mercuric 
oxide. 

Meroorammonlam. — The dromtde of this base, (like 

f or Vt* P* 921) is produced by melting mercuric bromide at a gentle hoatP in 
ammonia gas, the salt then taking up about 3’4 per cent, of the gas. Water 
extracts bromide of ammonium from the product, and loaves a yellow powder which 
gives off ammonia when treated with aqueous sulphide of potfissium, but not with 
caustic potash. 

Jlromidc of Mercury and Mercurammonium. N®lI“.2Hg"Br* = | N*Br*. 

IlgBr*, or Bromide of Hydrogen and Dimercurammonium NIP.IIg"Br* = | NBr. 

HBr, (/3), is protluced by saturating mercuric bromide with ammonia gas. It is a 
white powder insoluble in water and in alcohol, sparingly soluble in ammonia, and is 
resolved by heat into nitrogen, ammonia gas, aqueous vajxjur, [? hydrogeiij, and a 
sublimate of mercuric bromide. 


Chloride of Mercur ammonium. — 2NIP.HgCB == jJ? | N^CP, (e). wA?7c 

precipitate. ObUiined by precipitating a solution of ammonio-mercuric chloride 
{alembroth salt, p. 808) with potash (Wohler), or by dropping a solution of mercuric 
chloride into a boiling solution of sal-ammoniac mixed with free ammonia, as long as the 
resulting precipitate rodissolvos ; it then separates on cooling in garnet-dodecahedrons 
(M i tsch erl ich). Ata gentle heat it gives off half its ammonia, leaving the compound 
NH’.Hg"Cl*, (7), which is also formed by gently heating mercuric chloride in a stream of 
ammonia gas, or by distilling mercuric oxide with sal-ammonia. (Mitscherlich.) 

Iodide. — 2NIP.lfgP = ^ I N*P, (ij). Rod mercuric iodide absorbs ammonia gas 

and forms this white compound, which however, when exposed to the air, gives off its 
ammonia and is roconvertwi into rod mercuric iodide. (H. Rose.) 

The compound NH^.Hg"!'-' (5) is obtained by drenching mercuric iodide with aqueous 
ammonia, as a white crystalline powder which dissolves in excess of ammonia, leaving 
a brown powder consisting of hydrated iodide of tetramercurammonium ; on evaporat- 
ing the aramonijical solution, the compound is deposited in small crysUils. It quickly 
gives off its ammonia when exjx>sed to the air, and is likewise decomposed by waU-r 
and by acids. (Caillot and Corriol ; Rammolsberg.) 


Btinerciirammonium. 


Hg’ 


"|n*. 


The chloride of this base 




(a or f), known in pharmacy as infusible white jjrocipitate, Mercuriua prtBcvpi- 
tatus albuSf is formed by adding ammonia to a solution of mercuric chloride. When 
first produced it is bulky and milk-white, buti^ by contact with hot water, or by much 
washing with cold water, it turns yellow a!li,(J is converted into hydrated cliloride 

of tetramercurammonium, Bfg^N*CP.2H*0. It is readily dissolved by acids, and is 
especially distinguished from calomel by its behaviour with ammonia, which does not 
alter white precipitate, whereas calomel is blackened by it. Kane regards this com- 
pound as an amtdochloride of mercury^ Hg'H^N.Hg'Cl. 

The tetrammonium salts (p. 918), all of which contain water, may be regarded as 
compounds of dimercurammonium salts with mercuric oxide, e.g. the chloride 


Hg^N*CP.2H*0 as Bfg*H*N*Cl*,2Hg"0. In like manner, ammoniacal turpeihvm, the 
salt produced by the action of ammonia on mercuric sulphate, and desenbed at p. 920 


as a sulphate of tetramercurammonium, (Hg^N*)S0^2H*0, may bo regarded as a basic 
sulphate of dim^urammonium, (Hg*H^N*)S0V2Hg"0. 


The Gredi letters to this and the following paragraphs refer to the table on page 921 . 
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A doable $nlphat« of ammonium md dimercurammonium 

is obtained by adding mercuric oxide by small portions to a cold satuiuted aolu* 
tion of sulphato of ammonium, waiting each time for the last portion to dissolve, 
till the liquid begins to show turbidity, from separation of a white basic compound. 
On leaving this solution to evaporate at ordinary temjTeraturos (if evaporate over 
the water-bath, it again deposits a white basic compound), the double salt crystal- 
lises fh)m it in small white noodles, or more definite colourless rhombic crystals, 
which give oflF their water at 115®. The salt dissolves easily in sulphate or chloride 
of ammonium, also in hydrochloric acid, either dilute or concentrated, and in very 
dilute sulphuric or nitric acid, but is iusolubie in strong nitric acid, and is oomplotoly 
decomposed by strong sulphuric acid at the boiling boat. 

^ The double salt is completely dtsiompised by wat^^r, oven in the cold, and converted 

into a heavy, white, earthy powder, consisting of the basic salt, 2(lfg*lI*N*)S0*.3llg"0, 
(if), which likewise separates, when a solution of sulphate of ammonium, saturated with 
mercuric oxide, is poured into water. It ros<‘mblo.s the sulphate of tetramorcur- 
ammonium {am/tioniacal turpethiitn) above mentionixl. The latter is also produced by 
boiling the fintdy trituratiMl double salt with water, continually renewed as long as 
it takes up any sulphuric acid. 

Another basic compound is obtain<>d by dissolving the above-described double salt in 
cold dilute sulphuric acid, and adding the solution to an excess of dilute potash-ley ; 
ammonia is then given off, and a white substance separates, which, when washed with 


water, and dried at 115®, has the composition Hg4I*N*S0*.3Hg"0, or (lltg‘N*)80*. 
llg"0.2IP0, (<f). . 

The solution of the last described compound, or of the double salt, in hydrochloric 
acrid, poured into cold dilute potash-ley. Kept constantly in excess, forms a white pre- 
cipitate of (H'g’H«N*)Cl*.3Hg''0 or (lfg*N*)Cl»Hg';0.2U»0, O'). This compound 
dissolves in boiling aqueous chloride of ammoninm, giving off ammonia, and forming a 
double chloride of ammonium and dimercurammonium, which however has not yet been 
obtained pure. Finally, by boiling the last-mentioned compound with strong potiish-ley 
till its colour changes from whit4‘ to yellow, another oxychloride is obtained, having the 


composition (Hg*H«N0Cr^4Hg"O or Hg«NW.2Hg"0.2H^0, (a'), and hy con- 
tinued boiling for a day with fresh portions of potash-ley, more and more chlorine and 
nitrogen may bo removed, till at last nothing is loff but pure mercuric oxide. 
(Schmieder.) 

Trtmeroaramlne. ifg’N^ This compound is formed by passing dry ammonia 
gjis over precipitated mercuric oxide; previously well washed and dried . 

3HgO + 2NU» « Hg«N* + 3H»0. 

The excess of oxide being removiKi by nitric acid, the trimercuramine is obtained in 
the form of a dark fiea-brown powder, which explodes by heat, friction, j)orcu»sion, or 
conuict with oil of vitriol, almost as violently as iodidi* of nitnigen. When ^utiously 
boated with hydrate of potassium, it is d««omposod without detonation, yielding am- 
monia-gas and sublime^l mercury. It is also decomposed by hydnxjhlonc, sulphuric 
and concentrated nitric aci<l, yielding an ammoniacHl and a mercuric salt. (Plnnta- 
mour, Ann. Ch. Pharm. xl. 1 15.) . . ' 

By the action of various amrnonia-salta at a boiling heat on mercuric oxide, com- 
pounds arc obtained, which may be reganbsi as compounds of trimercuramine with mer- 
curic salts ; thus with phosphate of ammonium, the salt Hg*N‘.Ilg*P'0*.2U^0 (fi) ; 

with the acetaw, iho compound Hg>N«.C<n-Hg' 0-.4H«0 {M (U irael) ^haw, com- 
pounds may also be regarded a» salt, of tetramcrcuranimonium (p. 918). 

TrimercnnuniBontam. |{f The only known salt of this ba» U the 


nitrate, { N’.(N0*)’.2H’0, (p), which is prodoesd as a white precipitate on 
mixing a^dilnte and very acid solution of mercuric nitrate with eery ^lut* ammonia. 
It might also bo rcg.irded u a l>aeio nUrate of mercuramnamium, g, | N».(SO*)*. 
2Hg'0, or according to Mitacherlich, ne a batic ammmio-nUrate of mmimrfi, 
2NH*.8Hg”O.NK)*. 

Hg‘N*. By acting on mercuric oxide with aun^ 

ai^S^ brown compound i. obtained, the so-called merenram.ne whwb lhay 


9i8 


MEBCUBT-BAISES, AHMONIACTAiD. 


be regarded as a hydrated oxide of tetramereurammonium j 0»jr»0. It Js a 

strong bas6 and forms dodnito saltSf from which it is separated by acids, without 
decomposition, at ordinary temperatures. It may also bo regarded as oxide of dimer- 

curammonium combined with mercuric oxide, viz. as lfg^H^N*0.2Hg 0, and its 
.salts represented by corresponding formulae, that is as compounds of mercuric 
oxide with the chloride, iodide, acetate, &c., of dimercurammonium, or they may be 
formulated as compounds of mercuric salts with trimercuramine (p. 917). The 
tetrammonium salts are also produced by the action of ammonium salts on mercuric 
oxide (flirzel, Ixxxiv. 268), and in other reactions, as will bo presently mentioned. 

Acetate of Tetramer cur ammonium. C^H®(Hg^N’‘*)"0^4H*0 (X).— Crystallised 
compound obtained by treating mercuric oxide with acetate of ammonium. Wh||n 
dried at 100° it leaves a yellowish- white powder. 

The arsenate is a white salt, obtained by boiling mercuric oxide with arsenate of 


ammonium. 


Br ornate. (HgW)BrW2H*0, (i).— This salt separates slowly from an aqueous so- 
lution of mercuric bromate slightly supersaturated with ammonia, brom ate ofammoqium 
remaining in solution. When heated in a glass tube, even in very small quantity, it 
detonates with great violence, metallic mercury being scattered about. (Rammols- 
berg.) 

Carbonate. (ligW)C0*.4H*0 (x).— Obtained by passing carbonic acid gas througli 
water, in which hydrate of tetramereurammonium is suspended, as a pale yellow 
powder, which may bo washed with cold water without decomposition (Mi lion) 
Hirzel, by boiling finely-divided mercuric oxide with excess of carbonate of ammonium, 
obtained a salt having the same composition, but with | at. water more. It was 
yellowish-white when dry, turned grey when expcised to lights was not docompo^d by 
potash, but gave off all its nitrogen as ammonia when boiled with aqueous iodide or 
sulphide of potassium. By treating mercuric oxide with an excess of cold aqueous 
carbonate of ammonium, Hirzel obtained a white pulverulent salt containing 

(Hg^N*)C0>.H*0 (ir) ; when exposed to light it quickly decomposed, assuming a grey 
colour. 

Millon’s carbonate of tetramereurammonium may bo washed with water without de- 
composition. When perfectly dry, it may be heated without alteration to 1 .30 , but at 
higher temperatures it gives off a considerable quantity of water. At 146° it assume 
a slight brown tint, not however giving off any more water at that temperature ; but if 
the heat be raised to 180-200°, more water is given off, together with a largo quantity 
of ammonia ; the residue has a deep yellow colour and contains a considerable quantity 
of carbonic acid, but does not effervesce with acids. This residue is decomposed by 
‘strong hydrochloric acid, which eliminates a gas from it, with decrepitation. 

Chloride. rig*N*Cl*.2H*0 ((»).—Obtained by subjecting chloride of dimercur- 
ammonium (infusible white precipitate) to prolonged washing with cold water, or 
better by boiling it with water : 

2lfg*HWC12 « Hg*N*Cl* + 2H^NC1; 

also by treating the chloride of dimercurammonium with potash or ^a. It is a 
hoa^^ granular, yellow powder, which turns whittf again when treated with sal-ammo- 
niac. (Kane.) / 

Chromate. (ll!gW)Cr0^2H*0, (w).— A 8<flution of chromate of ammonium does 
not act on mercuric oxide in the cold ; but converts it at the boiling heat into a 
compound of chromate of tetramereurammonium with 3 at. mercuric chromate 
(Hg^CrO^), which when boiled with aqueous iodide or sulphide of potassium, gives 
off all its nitrogen in the form of ammonia, and when drenched with ammonia, is con- 
vert into a lemon-yellow chromate of tetramereurammonium having the composition 
above indicated. 

Hydrate. This compound is obtained either by treating mer- 

curic oxide with aqueous ammonia, or by heating a salt of tetramereurammonium with 
a caustic alk^. Yellow mercuric oxide obtained by precipitation is rapidly acted 
on by ammonia ; the red modification but slowly ; the product of the action of am- 
monia on the latter retains the crystalline character of the oxide itself. By washing 
the hydrate obtained by either process with water, then pressing it between bibulous 
paper, and drying it over oil of vitriol in a vacuum, or exposing it to a temp^- 
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if ) 

turo of 130® ; it is obtained as a brown powder containing (•). 


By 


drying it over quicklime under a boll-jar it is obtained as a yellow substance containing 




0*.4n®0, (»c). The product preparod from the yollow oxide parts with its watw 
much more readily than that obtained from the roil oxide. 

The dark brown compound |cV*.ll O (the so-called anhydrous mercuramive'^ 

which. may also bo represented as a compound of oxide of dimercuniinmouium with 

„ ‘ . V . . ifffMN* . 

mercuric oxide Hg*lI‘N'*0.21Tg"0, or as a hydoraimno (i. 197) containing 

n^ altered by contact with the air. The yellow more highly hytirated compmnd, on the 
other hand, absorbs carbonic acid rapiilly from the air and turns wiiite, being converted 
into carbonate of tetrainen uranimonium. It is insoluble in ivater and in ah'oho/, 
gives off ammonia when boiled with potash^ but r«Hjuires long boiling t^> complete the 
decomposition. The brown comp<»uml is doconqjosed by fusion with hydrate af 
potassium into nitrogen, met^vllic mercury, and me.ivuric oxidiv 

Hydrate of tc'tranu n'urammoiiium dissolves vt'ry easily in ocuh, forining the wilts of 
totrammonium. It expels ammonia very readily from it s salts, like lime. It dissolves 
very easily, with brisk evolution of ammonia gas, in a hot s«>lution of nitrate of am- 
monium^ and the solution ileposits, on cisiling, a (amsitleralile (luaiifity ot white crystals, 
which are decomposed by waiter, yielding a greenish-yellow p..wder. It dissolves alsij 
with eipial facility in a hot solution ni' sa!-ammohiac, with evolution of ammonia, and 
separation of a white powder insoluble in water. 

—Hy digesting mercuric iodate with ammonia, Millon ohUiined a salt, of 
variable composition which <locoiniH>sod at about 180 '. with detonation ami formation 
of mercuric ioilido. 

Iodide. lIg^N-P.2ir-'0, (a>). This com|s>uml may ho formed in w veral ways.— 
1. lly hcadng mercuric iodide with excess ot ammonia: 

+ 81I'N + 2HH) ^ ifg'N'l'.l'H'O + OieNr. 

lodidoof Iiydniiron iind dimorcuriinimmiium in formed iit llio «vmo timo ftnd disBidvoi 

* ^ , . ram moni urn remains in the form ot a 

before it hegiuH Uj de- 
imos with fresh ammonia, 
Jjy passing ammonia- 


in the hot liquid, while tlio iodide of tetramercurammoniurn rei 
brown pow<1er. To obtain it jmre, the liquid must l.»o de»'auted 
po.sit crystals, and the brown residue again l>oih.'d sovriral time 
iJll the filteroil liciuor no longer doposiu crystals on cooling.— 2. 


till tho'tilteroil liquor no longer dopoi 
gas over mercuric oxy-iodide: 

llfgH'-O’ + 211’N 


crystals 

+ U'O. 


3 liv dicoHtitiB the chlorido of totnimon urunmoniuiii in ixjuwus iwlido of 
B) ; adding an.monia to a «ol «t ion of i«lid« of mni^ury and 
inixod with caustic potash (Nosslor, Cln-m. Gm. 18.>6, pp. 116, -lOd) . 

2n'N + OKUO » Hg*N'P.2ieO + HKI + 4H'0. 

A solution of iodide 


4Hg"K*P + 


■'^ 4 ' 


This last reaction affords an extremely delicate test for ammonia. A solution otKKJiUo 
1 his last ^ • ,,-r.j..iro.l bv adding imlido of potassium U> a solution of 

^wtrif tiLmm-unlmmoninm is a powder of a brown colour inclining to nurple- 
bxlnh ot tttr^tr . of water at 128®, and if mriro strongly heat od out of 

rod. It ^ . /(lark bnjwn liquid, and is then dea^mposod wiUi a 

contact “xploslon, 

blue light an without leaving any rosirlue. HeaUsJ with aqueous mlphide 

ammontn, and in th/form of ammonia. In a stream of iydro. 

o/inn«m. It pvet. off all ir imparts, gives off white fumes, and at a higher Umpo- 
chiorw acid gas, **'^^,V”** orcurie iod'de, mercuric chloride, cblondo of 

rature yields * mmnniurn It flissolvos msily in warm hydrochloric acUt 

ammonium, “h whcn^oncontratod. dcfsjsits on cooling red oystoli 
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mraU. lig'N*(NOT 2 H‘ 0 .(l>ke*>-Obtam 6 d by mixing a hot dilute soluUoB 

of mercuric nitrate with a slight excess of ammonia, as a wMte granular powder, which 
when heated, turns yellow, gives off nitrogen and ammonia, then nitrous acid, and 
finally oxygen and mercury. It is altered by boiling potash ; dissolves in cold ^dro- 
chloric aeid, and is separated from the solution by. rater; dissolves sparingly and 
without decomposition in nitric and sulphuric acids ; dissolves ammonia, and is 
partially precipitated from the solution by water. (Soubeiran.) 

A yellow crystalline double salt consisting of nitrate of ammonium and tetramercuf 

■ ammonium, ^^l(N0^y.2E‘0 ((). « obtained, according to Mitscberlkb, by mixing 

nitrate of trimercurammonium (p, 917) with excess of ammonia, and adding nitrate of 
.ammonium, which dissolves a portion of the salt. As the solution cools and the am- 
monia evaporates, the double salt separates in crystalline plates. • 

Oxalate, C*(Hg<N*)0*.2H*0, (r).— Obtained by digesting mercurie oxalate with 
excess of ammonia and washing the product till the liquid no longer exhibits any alka- 
line reaction (Mi lion) ; or by digesting mercuric oxide in the cold with oxalate of 
ammonium (Hi rz el). It is a white, loose, amorphous powder, which explodes when 
heated. 

Phosphate. „ >P^®.2H*0, (/a). — Obtained by treating mercuric oxide with a 

boiling solution of tri-ammonic phosphate. It is a white salt which is not decomposed 
by potash, but gives off ammonia when treated with iodide or sulphide of potassium. 
(Hirzol.) 


Sulphate. (flg^N^)S0^.2lP0, (<r ). — Ammoniacal turpcthum. This salt, first ob- 
tained by Fourcroy, and subsequently analysifd by K.iue, is prepared by dissolving 
mercuric sulphate in ammonia and precipi tiling the solution with water. Ammonia 
takes up a very large quantity of mercuric sulphate, and when a perfectly saturated 
solution is loft to evaporate in the air or over oil of vitriol, its surface becomes covered 
with crystalline crusts, consisting of small, hard, highly lustrous crystals of ammoniacjil 
turpethum (Mi lion). The salt may also be obtained, according to Ullgren, by 
digesting basic mercuric sulphate (mineral turpethum) with sulphate of ammonium till 
the insoluble portion becomes white. 

Sulphate of tetramercurammonium is a white heavy powder, yellowish when dry ; 
W’hen neated it turns brown and is resolved into water, nitrogen, a small quantity of 
ammonia, and mercurous sulphate. Fy sulphydric acid it is converted into mercuric 
sulphide and neutral sulphate of ammonium. It dissolves in hydrochloric and in 
nitric acid, very slightly in water. 

Some of the basic salts already described as produced by the docomposition of sul- 
phate of ammonium aud dimercurammonium, may also bo regarded as tetramercur- 
ammonium-salts (see p. 917). 


Mercurous Bases. 

Mercurosammonium. I N*. — The chloride of this base, (IIg*)"H“N2CF, is the 

black substance formed when dry calomel is axposed to the action of ammonia-gas. 
When exposed to the air, it gives off ammoqia and leaves white mercurous chloride. 

Dimerourosammonium. ^ | N*. — The^oride, (Hg’)*H^N*Cl, is formed by digest- 
iug calomel in aqueous ammonia, sal-ammoniac being formed at tlie same time : 

2Hg»CF -I- 4H»N = (Hg*)*H^N^Cl» + 2H^NC1. 

It is grey when quite dry, and is not altered by boiling water. Kano, who analysed 
this compound, regarded it as mercurous amido-chloride, Hg*CF.Hg*(NHO*. 

ISlitrcUe qf Dimercurosammonium. (Hg*)"H*N*(N 0’)*.H*0. This, according to K a n e, 
is the composition of the velvet-black precipitate, known as Hahnemann s solufde 
TMTcury, which is produced on adding ammonia to a solution of mercurous nitrate. 
According to C. G. Mitscherlich, on the other hand, the precipitate thus formed 
has the composition 3Hg’0.N*0\2NH*, which is that of a nitrate of trimereuros- 
ummonium (£fe*)*H*N*(NO*)*. 


A dearer view of the compoBition and relations of the ammonkeal nierem* 
compounds is afforded by the following method of chissification, suggested by W* 
G. C. Foster, in which the greater number of these compounds are w^^nted as 

hydoramines (i. 197), that is, as bodies formed on the mixed typo, 

rest as hydrochloraminos, hydriodamiiios, &c. This view of the composition 

of the ammoniacal mercuric compounds is exhibited in the followinf^ table, in which 
the Greek letters placed under the formuhe correspond to those atUvchcd to the names 
of the compounds in the preceding pages (916-920) : 
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The mercurous compounds may bo formulated in 
Chloride of Mercurosammonium 
Chloride of Diroercurosummonium . 

Nitrate »» 


0 

L similar nmnrier, e.g . : 

(»kT(n; 
U* (CP 

. . . 

(N07J" 
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MWCVBT-IMJMOXJM. OlUUkXXO. {Fr«nklland riSWlAna. Ch, Pharm. 
Ixxi^l.— Diinhaupt, Chem. Gte. 1854, pp. 263-292^trecier, Compt rend. 
xSix. 57.— Buckton, Ann. Oh. Pharm. cnii. 103 ; cu. 218 ; Cham. Soo. J. xvi. 17._ 

Fran’klandandDuppa,»4»<7.xWi. 415.) , , ,, , 

Mercury unites with alcohol-radicles of the senes, C H + , viz. methyl, ethyl, and 
amyl,— also with allyl forming compounds into which it enters as a diatomic 

element. These compounds may, in fact, be regarded as formed from inorganic mercuric 
compounds, such as the chloride, bromide, &c., by substitution of an alcohol-radicle for 
either the half or the whole of the chlorine, &c., ; thus 


Mercuric chloride. 

(Cl 


Hg"J 


Cl 


Mercuric chlorethide. 

^8 jci 


Mercuric ethide. 


Hg' 


When both atoms of chlorine, &c., are completely replaced by an alcohol-radicle, the 
product is an indifferent compound (a neutral mercuric ether) incapable of unitidfe 
with acids or acid elements. But when only half of the chlorine, or other chlorous 
radicle is thus replaced, there results a saline compound, that is to say, a substance 
which easily undergoes double decomposition, and in which the residue united with the 
chlorine (IIhg"C2H* for example^, plays the part of a monatomic radicle. 

The two kinds of compounds here considered, are in fact related to mercuiy, in the 
same manner as mercaptan and ethylic sulphide are related to sulphur, — mercuric ethide, 
for example, being the ethylic ether of mercuric chlorethide, just as sulphide of ethyl 
is the ethylic ether of mercaptan. 

Mercuric Mercuric 


Mercaptan. 

H 


Ethylic sulphide. 

CW) 
C^HH 


S 


chlorethide. 

Cl 


Hg 


ethide. 

C’H' 


‘(Hg 


There is, however, this difference between the two classes of compounds, that in 
tiercuric chlorethide and its analogues, in which only 1 at. chlorine &c. is replaced by 
in alcohol radicle, the remaining chlorous atom is most easily replaced by another 
dilorous radicle, whereas, in the corresponding sulphur-compounds, the remaining 
hydrogen -atom, being basylous, is most easily replaced by metals or other basylous 
elements. 

If the mercury in these compounds be regarded as monatomic, those which contain 
only mercury and an alcohol-radicle must be represented by formulae of the type 
ngC'*H-“'^* ; and those which contain iodine, chlorine, &c. as compounds of these radicles 
with mercuric iodide, chloride, &c. ; e.^, HgC*H^ Tnercurethyl or hydrargtthyl ; Hg'C^H*! 
or HgC^lP.Hgl, iodide, or rather mercuriodide, of meTcurethyl, &a ; but the former mode 
of representation affords a much simpler and more satisfactory view of their relations. 

Formation of the Alcoholic Mercury-compounds . — These compounds may bo obtained 
by four different processes: — 1. By the action of mercury on the iodide of an alcohol- 
radicle, under the influence either of diffused daylight or of direct sunshine ; com- 
bination then takes place, and an iodo-mercuric compound is produced (Fran kland, 
Streckor): 

Ug" + 


2. By the action of mercuric chloride on a zinc-compound of an alcohol-radicle, the 
product being an organo mercuric compound, containing either 2 at. of the alaihol- 
radicle, or 1 at. alcohol-radicle and 1 at. chlorine, according as one or other of the 
reagents is in excess (Buckton): 

Hg"CP + Zn'(C”H"»^‘)2 + Zn'CP, 

2Hg''Cl> + ] + Zn"Cl'. 

3. By the action of mercuric chloride on the organo -bismuth compounds containing 
3 at. of an alcohol-radicle ; thus bismutho-triethide (i. 596) treated with mercuric 
chloride yields bismutho-dichlorethide and mercuric chlorethide (Diinhaupt): 


fi(C»H»)» + 2Hg"Cl» = :^i(C>H‘)Cl» + ?,Hg"(C»H‘)Cl. 

4. the action of sodium-amalgam on the iodides of the alcohol-radicles in presence 
of acetic ether (Frankland and D n p p a). The reaction is represented by the equation : 

2C«H^»+«I + Na* -f Hg'* » Hg"(C"H’“^»)* -p 2NaI. 

The acetic ether appears to take no part in the reaction, but remains in nndiminished 
quantity at the end of the process. Nevertheless, the presence of this or a similar 
ether (viz. methylic acetate or ethylic formate) is essential to the success of the process, 
inasmuch as sod^ium -amalgam does no^t act on the alcoholic iodides when simply placed 
in contact or heated with them ; neither is the reaction induced by the presence of ^ 
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e^ylic ether, but en adding a few drops of acetic ether, it takes place imme« 
diately. The proportion of sodium in the amalgam must be rery small, not ex- 
ceeding 1 pt. to 500 of mercury. If a solid or semi-solid amalgam is used, the rcACtion 
proceeds in quite a different manner. 

This is by far the best mode of preparing the alc»)holic mercury-compounds, yield- 
ing in a short ’time large Quantities of the methyl-, ethyl-, and amyl -compounds. 
Mercuric iodethide and iodomethide are obtained with tolerable Ovcility by the 
first method above mentioned ; but the corresponding amyl-compound wjis obtained 
in this way only in quantities barely suffLcieut for its identification. On the other 
hand, to obtain mercuric ethido and methidc by the second method, requires the pixivious 
preparation of very largo quantities of the corresponding Binc-com^xjuudH, and the pre- 
paration of mercuric amylide has never been attempted by a similar process, on ac<^)unt 
of j|he great difficulty of preparing zi nc-ainyl. (Frauklnnd and D u p p a.) * 

The mercury-compounds containing 2 nt. of an alcohol-mdiclo, are easily converted, 
by the action of bromine, chlorine, or iodine, into compounds containing only 1 at. 
of an alcohol-radicle, c.y ; 

Hg"(C*H‘)* + Br^ « Hg"(C*ll»)Br + C»H»Br 

Mercuric ethide. Mercuric brom* Riliflic 

ethido. bronnldo. 

A similar action is exerted by acids, e,g. by hydrobromic acid : 

Hg"(C*H‘)* + HBr = Hg"(C*lP)Br + (JnP.H. 

Mercuric ethide. Mercuric broin- Klhfllc 

etliide. hydrld(5. 

With sulphuric acid, in like manner, the products nro mercuric sulphatothide, 
ifg* I ethylic hydride. 

A precisely similar action is exerted by cerUiin salts. When, for example, mercuric 
chlonde acts upon mercuric ethide, the lattiT gives up half its ethyl for half the 
chlorine of the former, producing 2 at. mercuric chlorothidc : 

Hg"(C^U»)» + Hg"Ol« =» 2lJg"(C'^ll*)Cl. 

On the other hand, the mercuric compounds containing only 1 at. of an alcoliol- 
radiclo are easily converted into others containing 2 at. of an alcohol -rmlicle : thus, 
mercuric iodethide and zinc-ethyl act upon one another in such a manner us to yield 
mercuric ethido and iodide of zinc: 

2Hg"(C»H‘)I + Zn"(C^Il‘)’ » 2Hg"(C''U‘)» + Zn"P. 

The mercury compounds containing 2 at. of an alcohol-radicle are Ci>nvert/0<1 into 
the corresponding zinc-compounds when heattnl with excess of fiocly-granulaU‘d zinc 
(Frank land and Duppa, Chem. S<jc. J. xvii. 20): 

Hg"(C“H*“^')* -t Zn* = Zu"(C"IP«"')> ZnlTg. 

AUjl-oompound. 

Mercuric lo dally tide, Hg" When itxiido of alJyl is agitated with 

mercury, a yellow crystalline mass is formed, from wliich the mercuric iodallylido may 
be extracted by hot alcohol or ether. The alcoholic elution dejKisits it f>n (MX)ling in 
silvery scales, which turn yellow when exposed to light, especially on drying. It is 
sparingly soluble in cold alcohol, nearly insoluble in water. It sublirncK nt 100 , in 
white shining rhombic plates, melts at 136°, and solidiflos on ctsding to a yellow 
crystalline mass. If more quickly and strongly heab*d, it dec.onijx>ses for the most part, 
leaving a carbonaceous residue, and giving off a yellow sublimate. 

The alcoholic solution is decomposed by nitrate of sdver, the whole of the lodme 
being separated as iodide of silver; oxide of silver likewise decomposes it, forming 
iodide of silver and a strongly alkaline solution which, on evaporation, yiehls il syrupy 
strongly alkaline mass, soluble in water, and forming salts with acids.^^ This product 

is probably mercuric allyl-hydrate. or hydrate of mcreutallyl, Ug" | (Z i a i n. 

Ann. Ch. Pharm. xcn. 393.) , ■ ^ j i i • r 'pk« 

Mercuric iodaUyUde i« eaaily decompoeed by hydnodic amd and by Kjdiiie. The 

foUowiue equation* repreeent reepectively the action which take* place in each caae : 
(1). HgC'H'I + HI - I1«I> + CH* 

b). HgC*H*I + II = %I’ + CU‘1. 

Berthelot’, proceee for preparing tritylene, by moan* of iodi^ of allyl, merrary, ^ 
hydrochloric Mid, depend* on the flr»t of tbew reaction*. (Linnemann, Ann. Ch. 
Phaim. cxxxiiL 133.) 
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Amyl-oompoiuKlf. 

Mercuric Amylide, compound is obtained by the action of 

sodium-amalgam on iodide of amyl, in presence of acetic ether. 6 pts. by weight of 
amylic iodide, and 1 pt. acetic ether are agitated with sodium-amalgam in a vessel 
externally cooled ; the product is distilled over a water-bath to separate the acetic 
ether, and a current of steam then passed into the retort until about half the heavy 
liquid has distilled over. The residual liquid, after washing with water and drying 
oter chloride of calcium, consists of pure mercuric amylide. 

This compound is a colourless, transparent, mobile liquid, of specific gravity 1*6663 
at 0®. It has a very faint amylic odour, and leaves a persistent taste upon the palate, 
resembling that produced by other organo-mercurial compounds. It cannot be dis- 
tilled, even in vacuo, without partial decomposition. It can bear a temperatur# of 
140°, but long before its boiling point is reached, mercury separates from it in con- 
siderable quantity. It may, however, be distilled with water without decomposition. 
It is insoluble in water, and very slightly soluble in alcohol, but dissolves readily in 
ether. Exposed to the air it suffers no oxidation, but when allowed to fall into 
chlorine, it immediately produces dense white fumes of mercuric ehloro-amylide. 
Brought into contact with solid iodine, it hisses like red-hot iron immersed in water 
The reaction with brqpiine is still more violent. (Frankland and Buppa.) 

Qj , is readily obtained by treating mer- 
curic amylide with alcoholic solution of mercuric chloride in excess. It closely re- 
sembles the iod-amylide (w<?. m/.) in its properties, is insoluble in water, but ve^ 
freely soluble in hot alcohol and ether. From its alcoholic solution it crystallises in 
beautiful hair-like needles, which can bo sublimed at a gentle heat without decompo- 
sition. It melts at 86°, and has the appearance of a heavy oil, perfectly limpid and 
colourless. It retains any excess of corrosive sublimate with the greatest obstinacy, 
repeated washings with alcohol and water not being sufficient to remove it. It may, 
however, be purified by dissolving it repeatedly in alcohol and reprecipitating with 
water. (Frankland and Duppa.) 

/patTii 

Mercuric lodamylide. Hg" ] j . — An ethereal solution of mercuric amylide, 

treated first with alcoholic solution of iodine, and then with solid iodine, nearly 
solidifies to a crystalline mass of mercuric iod- amylide, iodide of amyl being at the 
same time produced : 

+ I’ = 

On washing the crude product with weak alcohol, pressing between fidds of blotting 
paper, and recrystallising from hot alcohol, mercuric iod-amylide is deposited in small 
pearly scales, which are not very soluble in alcohol, but freely soluble in ether. If a 
few (hops of alcoholic potash are added to a boiling saturated alcoholic solution of 
these crystals, and the liquid left to cool, no crystals appear for some time ; but 
ultimately large pearly plates are deposited, which have the same com^sitmn as the 
small scaly crystals above mentioned, and reproduce them when washed with water 
and redissolved in alcohol. Mercuric iod-amylide is slightly soluble in boiling water, 
and separates therefrom on cooling in minute crystals which appear as an opalescent 
cloud in the liquid. It melts at 122°, and on cooling solidifies to a white crystalline 
mass, haring the appearance of stearin ; at 146° it begins to turn yellow from fonna- 
tion of mercurous iodide. In a moderatel^hoated current of air, it may be sublimed 
without change. It is but partially decompqsed by ahoholio •potash. Heated with 
zinc\o 130° in a sealed tube it yields zinc-amyl and zinc-amalgam. (Frankland 
and Duppa.) 

Btbjl-oomponnaa. 


Strecker, by acting on iodide of ethyl with mercury, obtained the compound 
originally designated as iodide of mercurethyl, or iodide of h^rargethyl, 
but now called mercuric Methide, Dunhaupt obtained the correspondi ng chlorine- 
and brOmine-compounds, by decomposing bisrautho-trietbide with mercuric chloride 
or bromide, and prepared therefrom several of the other salts. Buck ton obtain<xi mer- 
curic ethide Hg"(C*H*)*, by the action of zinc-ethyl on mercuric iodethide or on 
mercuric chloride (pp. 921, 922) ; and lastly Frankland and Duppa have shown 
that this compound may be moire easily obtained by the action of sodium-amalgam on 
iodide of ethyl, in presence of acetic ether. 

Mercuric Sromethide. Hg*(C*H»)Br.-- Obtained by the action of mercuric 
bromide on bismutho-triethide, or by treating mercuric hydro-ethide with hydrobromie 
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acid, or an alcoholic solution of the hydro-ethide with alcoholic bromine. It resembles 
the chlorethide. (Diinhaupt.) 

Mercuric Carbonethide, Carbonate of mcrcureikyl , — Prepared by decomposing 
the chlorethide with carbonate of silver at a gentle heat. It crystallises with dimculty 
and is easily decomposed by heat. Acids decompose it, with evolution of carbonic 
anhydride. (Diinhaupt) 

Mercuric Chlorethide, Hg*'(C*H‘)Cl. — Obtaineii by the action of mercuric 

cUoride on bismuth6-triethide(p ii n h a u p t) ; by precipitating the aqueous solution of the 
nitrethide with clilorido of sodium (Strecker); and by treating mercuric ethide 
aloohoUc solution of mercuric chloride in excess (Frankland and Duppa). It. is 
nearly insoluble in water, dissolves sparingly in ether, and in cold alcohol, but fkeely 
in boiling and crystallises therefrom in light iridescent lamime, having a silvery 

lultre. When heated to 40° it sublimes in thin laminie, without previous fiision, but ' 
at 100° it melts to a clew oily liquid, and then evaporates completely. Heated on 
platinum-foil it bums with a faint flame, diflhsing a very unpleasant ^our. (Diin- 
haupt.) 

Mercuric Cyanethide. H| 5 "(C®IP)Cy. — Formed by saturating an alcoholic 
solution of mercuric hydrethide with strong hydrocyanic acid. Crystallises readily. 
Very volatile ; when heated in a tube, it emits a vapour which has an extremely 
repulsive odour, attacks the respiratory organs strongly, and appears to bo highly 
poisonous ; a carbonaceous residue is left in the tube. The cyanide dissolves readily in 
alcohol and ether. (D ii n h a u p t.) 


Mercuric Ethide. — This compound is prepared: — 1. By tho 

action of zinc-ethyl on mercuric ioaethide. Dry pulverised mercuric iodethido is 
added by small quantities to zinc-ethyl contained in a retort, through which a strt am 
of coal-gas is passing, the mixture being incorporated by stirring, and, as soon as tho 
zinc-ethyl is saturated — which may be known by tho stirring rod civising to funio on 
exposure to the air — the product is distilled till nothing hut gases pass over. The dist il- 
latc, which is a heavy liquid, mixed with a little ether, i.s then redistilltHl with a slight 
excess of zinc-ethyl, to ensure complete deconqwsition of (he iodothide, then wsahed with 
hydrochloiic acid, and afterwards with water, and roctific*d (Buck ton). — 2. By heating 
zinc-elhyl with mercuric chloride, avoiding an exci'ss of the latter, as otherwise mer- 
curic chlorethide will be formed: the slight excess of zinc-ethyl is decomposiHl bv 
water, and the separated oxide of zinc dissolved out by dilute hydrochloric acid. 

(Buckton.) . . 1 . 

3. A mixture of 16 pts, by weight of iodide of ethyl and 1 pt. of acetic other il 
poured upon sodium-amalgurn, tho fljisk bi'ing alternately agitated to promote tho 
reaction, and plunged into cold water to moderut(! the rise of temperature. Tho com- 
pletion of the reaction is known by the subsidence of the temperature, and the absence 
of more than traces of precipitated iodine, when a few drops of the clear liquid re- 
maining in the flask are boded with nitric acid. When the quantity of iodide of 
sodium formed has been increased so far as to render the ethereal liquid nasty, thereby 
preventing a sufficiently intimate contact with the amalgam, it is advisable to place tho 
^sk in a water- bath, and distil otf the more volatile portion of the contents, to lx* 
again acted on by fresh amalgam.* If this di.stiilntion be dc'ferrcil till the residue has 
become decidedly thick and pasty, it will not be necessary to repeat it, as the distilUto 
will remain siiflSoiently fluid up to the termination of the reaction. The prwluct mixiHl 
with water separates into two layers, the ethereal liquid either floating or sinking iii 
the aqueous solution of iodide of sodium, according to the degree of concontration or 
the latter. It is then successively treated with alcoholic TKjtash, washed with water, 
dried over chloride of calcium, and rectifiml. (Frankland and Duppa.) 

4. Buckton likewise obtained mercuric ethide by the action of cyanide of iKitassium 

on the iodethide : > 

2Hg(C*H*)I + 2KCy » Hg(C*H*)» + Hg + Cy* + 2KI ; 
but this mode of preparation is not advantageous, being attended with considcmble 
loss. 



insoluble 
Boiling point 


'**&ri^ethide*bur^S’Slith Tmoky givin? off a laige q^ntity of mer«i«l 
TaiSTwhen ponred into chlorine goo, it burafa Into flamo and >i entirely 

d!«^ved. It acts violently also with iodine or bromne, forming mercimc iodethide or 
^^tibi*: if tbe action be condneted nnder water, ethyl, or ita product* of decom- 
.i Amviid* MS). U»U lotennedUti* dittilUtlon to doI aeceiiary, •• 
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position are eliminated : but if the liquid is kept cool by a freeaing mixture, the nascent 
ethyl unites with the bromine : ' 

Hg(C*H*)» + Br* » HgC*H»Br + C*H»Br, 

With excess of alcoholic mercuric chloride^ it yields mercuric chlorethide (p. 923). 
With hydrochloric or svfphuric acid, it yields hydride of ethyl and mercuric chlor*. 
ethide or sulphatethide : 

2ng(C*H‘)* + H>SO« = 2(C*H‘.H) + 


Sodium slowly decomposes mercuric ethyl, forming a bulky grey spongy mass, which 
is yery liable to explode from slight causes, and instantly takes fire on coming in cen- 
tal. with the air. On applying a gentle heat, a violent evolution of gas takes place, 
jlpconsisting of ethyl and hydride of ethyl, sodium«ethyl being probably formed in 
firet instance, and then decomposed by the heat. (Buck ton.) 

Heated with excess of finely granulated zinc to 100® in a sealed tube, it yields zinc- 
ethyl and zinc-amalgam. Heated with bismuth, it yields in like manner bismuth- 
ethyl, but the decomposition is not complete. Cadmium heaetd with mercuric 
ethide to 100®-130®, becomes amalgamate, and forms a considerable quantity of 
cadmium-ethyl. Cold likewise become amalgamated, but fomjs no trace of an organo- 
metallic compound. Mercuric ethide is likewise decomposed when heated to about 
160®, with copper, iron, or silver, the copper becoming slightly amalgamated, and 
inflammable gas being given off; but the decomposition appears to be due to the 
heat alone, independently of any specific action of the metal. No organo-metallic 

compound is formed in either case. (Fran kland and Buppa.) 

I rj* jf 4 

Mercuric Ethyl-hydrate. Hg" j y Hydrate of Mercur ethyl. — Obtained by 

decomposing a boiling alcoholic solution of tj^ie chlorethide with oxide of silver, then 
filtering, distilling off the alcohol, and evaporating in vacuo. It then remains sis a 
colourless oil, which is strongly alkaline and blisters the skin. It decomposes 
ammenium-sdts, but not the salts of potassium or magnesium, and forms precipitates 
with the salts of aluminium, zinc, tin, copper, gold, and platinum. With a largo excess 
of sulphydricacid, it forms a white precipitate which after awhile tumsyellow, brown, and 
black. With metallic zinAj it forms zinc-ethyl, and amalgam of zinc. It dissolves in adds, 
forming crystallisable salts, viz. mercuric chlorethide, nitrethide, &c. 

Mercuric lodethide. Hg''(C*H*)I. — ^This compound is obtained by the reactions 
above-mentioned (pp. 921, 922), or by mixing an alcoholic solution of the ethyl-hydrate 
with a slight excess of alcoholic iodine. It is insoluble in water, but soluble in boiling 
alchohol and ether, and separates on cooling in white shining laminae. It dissolves 
also without deepmposition in caustic ammonia and potash. It sublimes at 100® 
without decomposition, but requires a much stronger heat to melt it It is decom- 
posed by direct sunshine : hence in preparing it by the action of mercury on iodide 
of ethyl, the vessel must be exposed only to diffused daylight (Biinhaupt, 
Strecker.) 

< C^H* 

Mercuric Nitrethide. Hg"j Nitrate of Mercurethyl. — Nitrate of 

silver added to a solution of the iodethide, forms a precipitate of iodide of silver, 
and a solution of mercuric nitrethide, which yields colourless prisms by evaporation. 
(Strecker.) 


Mercuric Phosphatethide, or Phosphate tf Mercurethyl, is obtained by treating 
the chlorethide with phosphate of silver. It^s very soluble in water, and remains on 
evaporation as a viscid diaphanous mass. (5-quhaupt) 

Mercuric Sulphatethide. • Sulphate of Mercurethyl. — Pre- 


pared by decomposing the chlorethide with aulphate of silver. Crystallises from 
alcohol in shining laminae. 


- ( (C*H*)* 

Mercuric Sulphethide. Iig*j g \ — This compound separates 


as a 


yellowish-white pulverulent precipitate on adding sulphide of ammonium to an 
alcoholic solution fif the chlorethide. It is very soluble in alcohol, ether, and sulphide 
qf ammonium, and separates from the ethereal solution in the ciystalline state, but 
always mixed with sulphide of mercury. The alcoholic solution is also decomposed 
by evaporation, depositing sulphide of mercury. ^ 


Meflisrl-eompoiuids. 

Mercuric lodomethide. Hg*'(CH*)I. — This compound was discovered by 
Frankland (Ann- Ch. Pharm. Ixxxv. SSO), who obtained it originally by the action 
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of meromy on iodide of methyl in sunshine. In about a week, the liquid solidifies into 
a colourless eiystalline mass, and by treating this mass with ether, the mercorio 
iodethide is dii^Te(^ and may thus be separated from the remaining metallic mercury 
and the small ^antity of iodide of mercury formed at the same time. Very little 
gas is mven off during the reaction. Mercuric iodomethide is, however, more easily 
obtained by the action of iodine on an alcoholic solution of mercuric methido. 

Mercuric iodomethide is a white solid body, insoluble in water, but dissolving pretty 
readily in common alcohol, more easily in m thylie alcohol, and very easily in ether ana 
in ioSide of methyl. By spontaneous evaporation of either of these solutions, the 
iodide is obtained in sm^l, nacreou^ crystallino laminae. At ordinary temperatures it 
is slightly volatile, emitting a ^uliar and unph^asant odour ; the vapour when inh«Nl 
leaves a nauseous taste on the palate which lasts for several duvs. At 100®, the 
Spdide is much more volatile, the crystals disappearing comnletely when exposed 
current of air at that temperature. At 143“, it m^ts ana sublimes without decom- 
position, condensing in extremely thin, shining, crj’stalline lamin©. 

Mercuric Methide. Hg"(CH*)*. Mercuumuthyl, Hydrargomethyl. Bis- 
covered by Buckton (Proc. Roy. ix. 91), who obtained it by distilling 
mercuric iodomethide with cyanide of potassium, hydrate of potassium, or lime. The 
best product is obtained with the cyanide. A mixture of this salt with mercuric 
iodomethide, after being well triturat^ in a mortar, is distilled by small portions over 
a lamp. Gaseous products are then evolved ; iodide of potassium is formed ; cyanogen 
is set free and remains in the form of paracyanogen ; and mercuric methido passes 
over in the form of a heavy liquid, which may l)e purified by washing with water and 
rectification over chloride of calcium. The essential part of the reaction is ri'presented 


by the equation : 

2Hg(CH»)I<4- 2KCy - Hg(CIl>)* + 2KI + l!g + (^y^ 

Fmnkland and Duppa prepare raercurfc methide by the action of sodium-amalgam on 
iodide of methyl, in presence of acetic ether. The mode of preparation is I '*® 

same as that Already deseribod (p. 926) for 

small Liebig’s condenser being, however, attached to the neck of tlu* fljwk, to arrest 
the vapour of iodide of methyl, which would otherwise bo earned away by the .reaping 
CHS At the end of the operation, the residues in the fiasks are mixed with water 
and distilled in an oil-bath, the temperature of which need not bo raistul aliovo 
110“ and the ethereal distillate, after separation from the water 

is ajritated with alcoholic potash to remove acetic other, and finally purified by 

"''&rirmrhido is a colourless, strongly refract inf? 

somewhat mawkish taste. Spccitlc gravity 3;069. r;-'"* ^^7“" 

Vanour density, obs. « 8*29 ; calc. - 7'97. It is insoluble in umtir, ^e^y soluble 
in Alcohol and m ether, dissolvers phosphorus, caoutchouc, and resins easily, sulphur in 

""mcS methide is very inflammable and burns with a bright 

vanour of mercury. It does not unite directly with oxygrn, chlorine, or otlur electro 

el" but‘is complctcl^rdccom-cl by tbem. 

upSn it Tei7 energetically, eliminating mctbyl-gas and forming nien-uric , lodo , or 
bromo-methide ; , , , 

2Hg(CH*)* + p - 2irgCiri + (cii’)b 

It also forms mercuric iodomethide when hoabal with mm-arie Wirfe. , , 

^‘wUh""««ie ckloruU it forms a crystalline 

water with formation of mercuric chloronietlmle ami a soluble tin-sail. 
tuiphuric or hydrochloric acid, it acts like men-une etiiiilo (p. 92. j ^ 

"^forming crystals of mercuric cblorometb.de or "“’P'"*'*"""'*"*'®- ‘ "7“ 

^ ^d ZJlic ci,.c,it yields meUllic mercury and “f ‘ • ”,"1“^^ 

Bupp*a). With trichloride 0/ phosphn-us, h forniH morcuric chlowtne ii e. 

ZL. mr...au.. IVlSSl ^ f 

by treating an aleoMicrolution Of mo^rm^ 


jcii. 79.) 
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Mercuric Oxymetkidef or Oxide of Hydrargometkyl^ is produced by the action of 
ammonia or the fixed alkalis on mercunc iodomethide. It is dissolved by an excess 
of either of these reagents, and the solutions yield with sulphide of ammonium a 
flocculent precipitate of the corresponding sulphide^ having a faint yellowish colour, 
and a peculiar and most intolerable odour. (Frankland.) 

MSROXBirS. Syn. with Biotite. (See Mica. ) 

MBSACOlsrxc AGXD. C*H®0*. Citracartic acid (Gottlieb, Ann. Ch. Pharm. 
Ixxvii. 268; Pebal, ibid. Ixxviii. 129; Baup, ibid. Ixxxi. 96). — An acid obtained by 
boiling a weak solution of citraconic acid for half an hour with about the sixth of its 
volume of nitric acid. The reaction takes place quietly, and on cooling the acid is 
deposited in a porcelain-like mass. A certain quantity of a nitro-compound is pro- 
duced at the same time, from which the acid may be purified by treatment with animal 
charcoal. • 

Mesaconic acid forms a mass of fine lustrous needles, difficultly soluble in cold, but 
readily so in hot water, and also in alcohol and in ether. It melts at 200® to a clear 
liquid, which solidifies to a crystalline mass. It reddens litmus and decomposes car- 
bonates. Heated with concentrated hydriodic add to 140® — 160®, it separates iodine 
and forms pyrotartaricacid; it is also converted into this acid hy sodium-amalgam. 
With bi'omine, at 60® — 80®, it forms mesodibromo-pyrotartaric acid, C3*H*Br*Q\ 
(Kekul6, Ann. Ch. Pharm. Suppl. ii. 85.) 

Mesaconic acid is dibasic, its salts having the formulae and C*H*MO^ They 

are almost all cirstalliaable. 

The neutral barium-salt, C*H^Ba"0'.4H20, is obtained by saturating the acid with 
carbonate of barium. It forms monocJiuic prisms, which are unalterable in the air, 
and give off the greater part of their winter of crystallisation at 100®. The acid 
barium-salt, C'”H'®Ba"0‘‘.2IPO, forms hexagonal plates of a pearly lustre, which 
persistently retain an excess of acid, from which they are freed with difficulty. The 
neutral calciwii-salt, C‘^H'na"OMI^O, forms small agglomerated needles soluble in 16 
pts. of water. The neutral silver-salt is a crystalline precipitite, difficultly soluble in 
water. The acid silver-salt, C^H*AgO\ is obtained in needles by dissolving the 
neutral salt in solution of mesaconic acid and evaporating. E. A. 

nXXSSACOXrXC STBBB. = C‘H'(C2H‘)20b Obtained by distilling 

a mixture of mesaconic acid, sulphuric acid, and alcohol. It is a colourless mobile 
liquid, with an agreeable fruity odour and bitter taste. Its density is P043, and it 
distils at 220® without alteration. It is not attacked by ammonia. Boiled with 
baryta-water it yields alcohol and mosaconate of barium. E. A. 

MBBXTB. An oxygenated oil, very mobile, boiling above 70®, and soluble in 3 pts. 
of water, said to be obtained by distilling lignone with sulphuric acid. (W iedemann 
and Schwoizer.) 

1MIXSSXTB17B* Another very mobile oil, boiling at 63®, and soluble in 3 pts. of 
water, obtained in like manner. 

MBSXTXC ABCOBOB. A name given to acetone, on the supposition that it is 
an alcohol containing the radicle mesityl, C*H“, isomeric with allyl. 

MSSXTXC ABSBBTX>B. C*H^O. A body isomeric with acrolein, produced, 
together with trinitromesitylene, by heating acetone with half its bulk of strong nitric- 
acid. The action is extremely violent, so that it is necessaiy to cool the vessel as soon 
as effervescence begins, then heat it again and repeat this treatment several times. 
When the action is completed, an oil separates, jponsisting of mesitic aldehyde mixed 
with trinitromesitylene. 

Mesitic aldehyde is lighter than water, has aisweet pungent odour, is veiy slightly 
soluble in water, but dissolves instantly in caustic potash, yielding a yellowish-brown 
liquid. It absorbs ammonia gas with ^at avidity, forming a brown resinous mass, 
which dissolves in water, the solution yielding by spontaneous evaporation crystals of 
mesitic aldehydc-ammonia. Nitrate of silver added to the solution of these crystals, 
forms a yellow precipitate, which blackens when heated ; the reduction is accelerated 
by the addition of a few drops of potash. (Kane, Pogg. Ann. xli. 491.) 

BXBSXTXC CBXiOXtAB. Syn. with Dichloracetone. (See Acbtons» i. 30.) 

MBSXTXC BTBBB. Syn. with Oxide of Mesityl. (See Mbsityi..) 

MB8XTXXr*SPAB« (Mg;Fe)"CO*. Breunnerite, Fistomesite. — This mineral 
occurs in rhombohodral crystals isomorphous with spathic iron ore and magnesite. 
R : B » 107® 23'; oR : R « 136® 52'. Length of principal axis *» 0-81135. 
Observed planes, R, — ^ R. Cleavage rhombohedral, perfect. Crystals often 
imbedded. Also massive, granular, and fibrous. Hardness =* 4 to 4 5. Spe- 
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ciflc gravity « 3 to 3*63. Coloorleen, vhitish, yellowish, and often brown on exposure* 
Transparent to subtranslucent. Brittle. The mineral may be regarded as a mixture 
of the isomorphous carbonates MmgCOt and FfeCO*, tho proportion of the former 
yarying from 89'7 to 42*7 per cent., and that of tho latter from 6*1 to 67*2 per wnt. 
Some specimens also contain small quantities of calcium and manganese. Mesitin- 
spar occurs in chlorite slate at St, Gothard ; also in the Zillerthal ; at Hall, and else- 
where in tho Tyrol, and at Traversclla in Piedmont. The species includes much of 
the so-called hrovm spar. (Dana, ii. 443.) 

XttBSXTTX. A hypothetical monatomic radicle, supposed by Kane to exist in 

acetone (regarded as 0), and in certain products obtained from it 

Chloride of Mesityl, C*H‘C1, is produced by passing hydrochloric acid into 
Hcetone, which absorbs it in largo quantity ; or better by adding 2 pts. of pentA- 
chloride of phosphorus, by small portions, to 1 pt. of acetone, properly cooled then 
adding water, which separates the chloride of mesityl in the term of an oily liquid 
heavier than water. It is resolved by heat into liydrochloric acid and niesityleno 
Alcoholic potash converts it into oxide of mesityl. (Kane, Pogg. Ann. xliv. 470). 

Hydrate of Mesityl. A<^ctone. 

Iodide of Mesityl Oily liquid insoluble in water, obtained by distilling 
acetone with iodine and phosphorus. It has not been analysed. (Kane.) 

Oxide of Mesityl or Mcsitic ether. (C>IP)H\-lVxlueed : 1. By the action 
of alcoholic potash in excess on chloride of m('8ityl.---2. 1 oget.hcr with many other 
products, by the action of strong sulphuric acid on acetone (Kane).— -3 By the action 
of lime on Ltone. Acetone left for s< veral weeks in contact with qinckhme, and th( n 
Kubiected to fractional distillation, yields, between 100® and ‘iftO , 
ormcluyl boiling at about 129» and pborona C-Il'-O boiling at «lneh may 
oaaily be separated by rectifleation. (FitUg, Ann Ui. 1 bann. «. 2.1 ) 

Pure oxide of mesityl is a colourless oil, smelling like peppermint, ‘d'' F ^ 
0-818 at 23° Beilina point (eorreetod) 131°. Vapour-density, olw =..3 67 , ude. 3 3.> 
m tt it bC wit?i a very bright flame (Kanol. It is inso ,d. o in water, mixes 
1 I p^roport ons ^th aUM L\ is conyeiiisi by nitrir arid ,7;,; 

nous mass, and by cfcrme into a heavy oil, which appears to have the composition 

'’''d^r^t/f-Avpo'ltAospAerei/* cct.f. -An aeid coiilaiiied, accordingto Kane, in the 

opaque, and give off part of their .]!'■" '"If Thigher tempemture. 

crystallisation, and ultimately lea\o a The salt was found to con- 

swells, blackens, and burns leaving with the 

tain 48-8 per cent, sodio phosphate, and Z'JO water agrenn^ ;; 

formula PNaO‘.C'H*O.SH’0, which requires 49 9 sodic ptiospmiK , an i a 

formula C'H'O.C^O*. sulphuric acid, and dilutingwithwater when 

2. By treating 2 yol, acetone will 1 voh smphuncacua..^^^ ,0 contain 23-7 

cold, I^ne obtained another ^ bo represented, according W 

per cent, lime, 30*8 <^H»-l>o^J!,nd 4^4 hydrogen, and may ue p 

h‘:^,:7Jf:T:p, "-p.; to 0^ tt 

S^d’^jUnc^iA? acetone U methyl-aulphitrie ..hi 
( 7 ’raitl i. 704.x 
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i or MBSmrXiOXN C*H‘* (Kane, Pogg. Ann. xl. iv. 474.— 
Hofmann, Chem. Soc. J. ii. 104. — Cahours, Compt. rend. xxiv. 255; Chem. Soc. J. 
iii, xvii.)— A hydrocarbon, isomeric with cumene, produced by the action of sulphuric 
acid upon acetone. To prepare it, 2 voL acetone are distilled with 1 vol. strong sul- 
phuric add, the heat being carefully related. Two layers of liquid then collect in 
the receiver, the upper consisting of very impure mesitylene, and the lower containing 
sulphurous and acetic adds, resulting from a secondary decomposition. The upper 
layer is rectified, first over the water-bath to separate undecomposed acetone, and then 
over the naked fire. But the product thus obtained does not exhibit a constant boiling 

S unt, and requires to be purified by numerous rectifications (Hofmann), and fin^d 
stillation over phosphoric acid. (Cahours.) 

Mesitylene is a very light, colourless substance, having a slight alliaceous odour. 
It boils between 155® and 160® (Hofmann), between 162® and 164® (Cahours). 
Vapour-density, obs. ■= 4*345 to 4*282 (Cahours); calc. =» 4*160. 

Mesitylene bums with a bright, but very smoky fiame. It dissolves iodine^ forming 
a dark brown liquid which is not altered by exposure to sunshine. With hro'inine and 
chlorine^ it forms crystalline substitution-products. Boiling nitric add converts it into 
me8iticaldehyde(Kane). A mixture of fuming nitric fuming sulphuric acids 
converts it immediately, and without rise of temperature, into trinitromesitylene 
(Cahours). It is likewise decomposed by strong sulphuric acid, but not by aqueous 
aUttilis (Kane). Fuming sulphuric add converts it into mesitylene-sulphuric 
acid C®H'*SO*. (Cahours.) 

Derivatives of Mesitylene, 

Tiibromomealtylene. C*H®Br*. — When bromine is added drop by drop to mesi- 
tylene, waiting each time till the heat evolved has subsided, and taking care to keep 
the mesitylene in excess, a white crystalline compound is formed, which may be freed 
from hydrobromic acid by washing with water, in which it is perfectly insoluble. Two 
or three crystallisations from boiling alcohol render it absolutely pure. It forms white 
needles, which volatilise without decomposition, and arc not changed by boiling with 
potash or ammonia. (H o f m a n n.) 

TrichloromeBl^leiie. C*H®C1*. — To prepare this compound, chlorine gas is 
passed through mesitylene till the liquid solidifies in an acicular mass, which is then 
dissolved in hot ether and crystallis^ by cooling, the undecomposed mesitylene re- 
maining in the mother-liquid. The product is purified by recrystallisation, and the 
crystals dried between paper, but not in contact with the air. 

It forms white, shining, four-sided prisms, resembling sulphate of quinine, volatilis- 
ing only at a stro^ heat, but without decomposition. They may also be sublimed 
without alteration in dry ammoniacal gas, and are not decomposed by alcoholic potash. 
(Kane.) 

mtromeBitylene. — Formed by treating mesitylene with fuming nitric 

acid, not in excess, and carefully cooling the mixture during the action. This com- 
pound, when treated with an alcoholic solution'of potash, becomes heated and evolves two 
products on distillation. One of these is a liquid, which is produced in very small 
quantity only, and exhibits the properties of an alkaloid ; the other, which is solid, 
dissolves very readily in alcohol, and separates from it by spontaneous evaporation 
in very fine tabular crystals ; it is isomenc with nitromesitylene. (Cahours.) 

Binltromealtsrlene. C®H'^NO*)*. — Obtained^ by boiling mesitylene with mode- 
rately strong nitric acid. After a few distillations, the whole of the mesitylene is con- 
verted into a crystalline compound which may ^ purified by washing with water and 
recrystallisation from alcohol With dilute nitn&’ucid a lesa definite result is obtained, 
the mesitylene being converted, after repeated distillatioii,'into a yellow oil, which 
shows a tendency to crystallise, but appears to be a mixture. ^ . 

This compound crystallises in fine needles, often several inches long, and in appear- 
ance resemmin^ those of trinitromesitylene {vid, inf.). It volatilises without decom- 
position, and dmsolves with great &cility in alcohoL (Hofmann.) 

mtromesidliie. C*H'^H)* — C*irXNO*)N. (Maule, Chem. Soc. Qu. J. ii. 
116 .)— A base obtained by the action of sulphydiic acid on diuitromesitylene : 
C»H>»NK)« + 8H*S « C»H*2N»0* + 2H»0 + S». 

When an alcoholic solution of dinitromesitylene is submitted to the action of sulph- 
ydrio acid, the liquid assumes a dark colour and depositr gradually a large quantity 
of sulphur, the odour of the sulphydiic acid being at the Mme time destroyea Thu 
treatment is continued for sevem days, till the sulphydric'^ufid is no longer decom- 
posed. On the addition of hydrochloric acid, sulpnur is again precipitated, and on 
separating this by filtration, a dear liquid is obtained, which when mixed with potash 
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or ammonia, yields a copious precipitate of impore nitromesidino. By repoatodly dis» 
solving this impure product in hydrochloric acid and reprecipitating by an alJudi, smiU 
quantities of still adhering sulphur are separate^ and tno substance gradually assumet 
a bright yellow colour. One or two crysullisations from alcohol now suffice to render 
it absolutely pure. 

Nitromesidino forms long ne»'dle-8haped crystals of a golden yellow colour. It melUl 
below 100®, and solidifies on cooling in a mass of radiated needles ; volatilises without 
decomposition at 100®, giving off a vapour which bums with a bluish fiaxue; dis- 
solves very readily in alcohol and (thcr^ and sparingly in waitr^ to which it impartr a 
.faint yellow colour. The solutions have an unpleasant bitter taste, and arc neutral to 
test paper. 

Bromine acts violently on nitromesidine, forming a dark oily liquid. An alcoholio 
^lution of nitromesidine yields with chlorine, a pinkish solid substance soluble in 
filing ether. 

Nitromesidino dissolves reatlily in acids, forming crystalline salts, which however 
are very unstable, all those yet obtained, (‘xeepting the phosphate and the platinum-salt, 
boin^ decomposed by mere contact with water. They are soluble in alcohol, and their 
soluuons have an acid ri'action. 

The hudrochloratfi, C'‘II'‘^N'-0M1C1, forms colourless needh's. 

The cMoroplatinate, 2(C*H'’N*0MlCl).Pt01‘, is precipitatwi in yellow crystals on 
mixing a hot solution of platiuic chloride in excess, with a saturated solution of hydro- 
chlorate of nitromesidino. ... , . ^ 

The nitrate is very unstable, Ixing decomposed, with evolution of red nitrous tumet, 
when its aciuonis solution is evaporaUHl down to a Ci^rtain point. 

The phosphaU, 3C“ll'*'N O-.PIl ’0«, crystalliseH in orange-CDloured laminiB. When 
nitromesidine is dissolved in a very large excess of pliosphoric acid, an acid salt la 
obtained, apparently containing only 1 at. nitromesidino. 

The sulphate forms small silky crystals. 

Trtnltromesltylene. C«IP(N()*)».-()btaiiiea by treating mcsitylono mth • 
mixture of fuming nitric and sulphuric acids, its formation taking place immediately, 
and without rise of temperature. It i.s erystalline, and sul.lime.s at a giuitlo h^t m 
dazzling white needles. It is very slightly soluble in lx)i mg alvM and but 

dissolves easily in acitone. It is very slowly acted on l.y sulphydnc aetd, only a 
small quantity of an alkaline lK>ly being formed aller the lapse of sovi'ml weeks. 
(Cahours.) 

MEBXTTX.BWE-BUl.PKtriUC ACZB. SulphomrsUylk acid. C^lI^SO'.—Tlim 

Hcid is easily formed by dissolving mesityleiie in fuming sulphuric acid, the 
r 'i TirVini^PTnoMxl to the air gnidnally solidifying to a ciystallino moss. When 

wiiter and in alcohol, and crjKtallising in no<'dlos whon ila aqiiooua aoluMon J? 

evaporate, Tho nilvir-mlt !.•< aim crjHiallmaMe, very aolnlile in water and in alcohol, 

and blackens quickly when ex(! 0 «cd to light. (Cahours.) 

MBSOZ.E. FiirS/it,.-A zeolitic mineral related to natrolile 
II i s i n g 0 T.—O. From Bombay (Thomson): 


8109. 

a. 42-60 

b. 42-17 
4270 


AI90>. 

28*00 

^7rQ0 

27-60 


c»o. 
11 43 
fpoo 
7 61 


Na*0. 

fyCyZ 
10 19 
7 00 


H*(). 
12 70 
11-79 
14 71 


100*36 
« 100-16 
» 99-62 


These results may be appmximately represemed by t,h« formnU {2M«0.8i0«). 


"nCrlSg to TSnsonl'ariysis. 44 84 per cent. siUc^ 28-4« 
SiSt IoVurc».,aSd 10 28 water (.. 9»-86). 
atUOUTB. See SooWiti. 

See KatBOUTi and SCOMCIT*. 

l^oTAXTAmic ACIB. Syn. with Iisacm. TaaMwe Aon.: ••• Ta.- 

TAEic Acid. 
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MBSOXAUC ACXB. C*}$!C^(Liebig and Wohler, Ann. Oh. PhaniL xzvi 
298.— Svanberg, Berz, Jahresb. 165.) — An acid formed when alloxan or allox* 

anic acid is boiled with aqueous alkalis, urea being simultaneously produced : 

C^HWO* + H*0 = C*HK)* + CH«N*0. 

AUoxanic acid. Mesoxalic acid. Urea. 

The acid is obtained by decomposing’the barium-salt by sulphuric acid, or the lead-suit 
by sulphydric acid. It is crystallisable, and has a very sour taste, and a strong acid 
reaction. It is very soluble in water, and its solution is not decomposed bv boiling. 

Its laqueous solution, when neutralised with ammonia, gives with salts of bmum, 
stronuum, and calcium, white precipitates, soluble in acids, or in a large quantity of 
water. - 

Mesoxalic acid is dibasic. The barium-salt, C^BB''0^ is prepared by boiling a hot 
saturated solution of alloxanate of barium : a mixture of alloxanate, mesoxalate, an^ 
carbonate is precipitated, and the solution yields, on evaporation, crystalline crusts of 
urea and mesoxalate of barium, the latter of which is removed by washing with alcohol , 
The salt forms yellow laminae, which are anhydrous at 90°, and at 100° are partially 
decomposed. Liebig and Wohler found 55-93 per cent barium in the salt ; the calcu- 
lated percentage is 56-49. The calcium-salt forms thin tables, which at 90° contain 

2 at. water.; at 140° they lose 1 at water, and above that temperature are decomposed. 

It is much more soluble than the barium-salt (Svanberg). The lead-salt, obtained 
by dropping aqueous alloxan or alloxanic acid into a boiling solution of neutral acetate 
of lead, appears to be a basic salt, containing 4 at. lead. It is decomposed when gently 
heated in the air, pure oxide of lead remaining ; hot nitric acid converts it into oxalate 
of lead. According to Liebig and Wohler, the normal lead-salt is formed by adding 
mesoxalic acid to neutral acetate of lead. The silver-salt is obtained as a yellow pre- 
cipitate when mesoxalic acid and ammonia are added to nitrate of silver : it is probably 
a basic salt, as it is entirely decomposed by heat into carbonic anhydride and metallic 
silver, perhaps thus, C®AgW -e Ag*0 == 3CO* + Agl (Liebig and Wohler.) 

When mesoxalic acid is compared with carbonic and oxalic acids, it will be seen that 
the three acids may be regarded as containing respectively the diatomicifadicles carbonyl 
CO, oxalyl C^O*, and mesoxalyl C-’O*. 

Carbonic acid ...... C*H®0* = CO.H^O*. 

Oxalic acid C^H'-'O^ = C^O^.HIO*. 

Mesoxalic acid C’H'^O* - C«0«.H*.0*. 

The decomposition of oxaluric and alloxanic acids into urea, oxalic, and mesoxalic acids, 
respectively, shows that alloxanic bears to oxaluric acid the same relation that mesox- 
alic does to oxalic acid, and from this point of view alloxanic acid nuiy be regarded 
as mesoxaluric acid. A similar relation is evident between alloxan and parabnnic 
acid. F. T. C. 

MBStTA FSB&BA. This plant, which grows in India, yields a fixed oil having 
a density of 0*954, a chestnut-brown colour, and solidifying at + 6, (Lep i n e, J. Pharm. 

[3] xL 16.) 

MBrACBTAMZBB. Syn. with Pbopionamide. 

MBTACBTZC ACZB. Syn. with Puopionic Acid. 

MBTACBTOSTB. C®H’®0 ? (Fr6my, Ann. Ch. Phys. [2] lix. 6. — Gottlieb, 
Ann. Ch. Pharm. Hi. 127.) — A substance occurring among the products of the dry dis- 
tillation of sugar, starch, gum or mannite, with lime; it has also been obtained by the 
distillation of lactate of calcium, and occurs .^Juong the volatile oils formed by the 
distillation of wood. ^ 

Fr^my prepares metacetone by gently heating an intimate mixture of at least 500 ^ 
grms. of sugar with 8 times its weight of quicklime in a capacious retort, withdrawing 
the fire after a while, because the water disengaged from the sugar, coming in contact 
with the lime, raises the temperature high enough to complete the reaction without 
further application of external heat. If the mixture has been well made, scarcely any 
inflammable gas is evolved, and a complex oil passes over into the receiver. This oil 
is sh^en up with water to remove the acetone which it contains, and the residue, 
which floats on water, is rectified till it exhibits a constant boilhftg point. It is diffi- 
cult, however, to obtain a pure product. According to Gottlieb, it is best to use only 

3 pts. lime to 1 pt. sugar, and to keep the receiver cool. Metacelpoe is obtained in 
the same manner from starch, which indeed appears to yi^d rathw mow metacetone 
than acetone : gum, on the contrary, yields a comparatively la^er quantity of acetone. 

Metacetone is a colourless oil, having an agreeable odottr; insoluUe in water, reiy 
soluble in alcohol and ether. Boiling point 84°. It contains, according to the mean 
of Fr^my’e analyses, 7 ‘2-2 par cent, carbon, and 101 hydrogen. The fomifla C*H**0, 

■ 

t ■ 
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wliich tepresenta it as isommc with oxide of laidt^l and oxide of ollyl, requires 78 5 
carhoUf 10*2 hydrogen, and 16-3 oxygen. When distilltnl with acidchnm<tt« qfpotaS’^ 
difm and strong siapUuric arid, it yields carbonic anhydride, acetic acid, and propionic 
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and strong sidpAuric arid, it yields carbonic anhydride, acetic aci^ and propionic 
a^. As these prcducts are the same as those obtained by the oxidation of propione, 
metacetone is sometimes n'gardeil as impure pt\q)ione (O m. ix. 409). (Ihire propione, 
0*H'*O, obtained by distillation of propionate of barium, boils at 84® and contains 
69*3 carbon, and 11 8 hydrogen.) Metacetone drt)pped on heated miashdime or fused 
hydrate of potassium distils over in great part unaltered, the resiaue containing only 
traces of propionic acid. (Gottlieb.) 

MBTACBTOmC ACXD. Syn. with Puofionic Acid. 


MBTAOBTOWmzXkB. Syn. with PnonoNiTKiLB or Cyanide op Etuyl 
j;ii. 211). 

V XUtBXAOBX.OBZTB. A foliut<Hl colunmar niinerul from the lluchenberg near 
Elbingorode in the Harz. It has a vitreous to j^ urly lustre and dull lock-gr»'on colour. 
Hardness =2*6. GelatiniseH with acids. Contains, aoeoixling to last, 23 77 jwr cent, 
silica 16 *43 ‘alumina, 40-36 ferric oxide, 3 10 iiiagnesia, 074 lime, 137 tx)la**h, 0 08 
soda, and lj3*76 water ( » 99 60), whence the formula .‘H3M-O.iSiO'').2(APO*.»SiO*).10lPO 
or 4(M*0.Si0*).(3M*0.2AP0*). 811*0. {liiimnulsfurfs MintraU'hemie, p. 541.) 

MBTACBBOMZC OXXDB. See Chkomicm, Oxidks of (i. 919). 

MBTAOXBWAMBXB. 8oc Cinnamkin (i. 9.S0). 

MBTACKOXiBXXr. See Acuoi.uin (i. 57)- 

MBTABBltBXC OXXBB. The modilication of b rric hydrate obtained by P6ftU 
de St. Gilles by boiling the ordiiiiiry yellow hydrat«- in water (p. 395). 

IBBTAFVBFtrXlOXi. See FcnKmoL (ii. 752). 

MBTAOAXiZ.XG ACZD. See Gai.lic Atii)(ii. 7<)U). 

MSTAHTn|0KIC AOXB. See Ulmic Acid. 

MBTAXi. Mdall. MHcd. l«BTAX.I,oi*D. Mi ialloU. MttaUu'idf. The term 
metal has long been commonly applied, in lechnieal and popular language, to a numlaT 
of substances which agree in presenting, in various de grees, a combination of certain 
woU-deflned physical characters, bv winch many ol them are easily diMlingnishHble 
from most other substanoes. Gobi and silvrrw. ro formerly regarded 
ropresentatives of this cla.s.s of sub.>,tanees. lluwi (’liaraeters, however, are not, by any 
mea^ absolutely distinctive of metals ; for there are many subslanees which arc not 
metallic andwtfcch nevertheless i>ohscs 8 in a high degree some of the physical cha- 
rnel of metals. At a very early date, attempts made by Basil \ alenline (ton. 

Paracelsus (1539), and Boerhave (1732), to adopt a system of cW 
fication which would separate the more charat-tenstic m. tals from 8iil>stanee8 i^ssessing 
Se^n^ characters, such as zinc, antimony, bismuth, antnuony-glanee pyn es 
and iralena which were termed semi -metals ..r bastard metals. In 1735, 
Brandt p^p 08 ed to make the presence or al)s< nee of malleal.ilify the priiieiple of tins 
dlScItLf^nd upon thiH ground ho oopanitod m.-rrury from tl.o n.olal»_ 

‘ «raa a<1nntpil l>v V Off 6 1 (1755, htditutuiiuhuH Chi'fnt(B) and Buff on (1/Ho, 
view was ad p ^ y Subsequently, when Braun e had observed the 

VflLdon'of mrreury by cold in 1759 6i), ondtlii. Imil boon ounfirmod by Hut chi UK 
lud C “ fndU™ in 1783. tho nmllcubil.ly of t bio Mtbrtuncr boeoino kno.-n, und it wk. 

cb^ed amMg the metals. 1 ,, twi'i-ii m< liil« and acmi- 

,Thein 8 ufficmncyof the<bst Dit.on v„,rrA>, tar, tfr ,/<• C’Armfr. 

metala waa pointoa out by Fourcroy ( 789. ,„alb ability of gold 

ii 380),a8 ->ly im,H,roe,;liblo grada- 

and the iinguUr fragib y , ^ ihore w-as probaiilv no greater difference between 

Uona of thiB Vlndl wl, La.J.rrd to In- a mrtd, than 

• malleatohty ^ ® . j j j cbiaaod among wroi-metabi, whibi in the 

byl,.Toi.ier. 

Subd 51^.^ -e* anutance., Tb. ir chemical relation, wore 






^ which P0.M6. more or lea. the pby«ical character, of 

wht^ L them In that degree which wa. /ormerly comndered 
rStWitoctive pecub'a^ .f a metal. 


u 


METAI^S 


lEfALLOIDS.- 


On the diacorery of potasaium and sodium by Davy in 1807, doubts weijp 
tained as to their metallic natlire, and it was proposed to distinguish them from mi 
on account of their peculiar physical characters, and to term them mttaUoids^^ as pc 
ing only some resemblance to metals (Erman and Simon, 1808, CtUhert'B An 


xxviii. 121). This proposal was not adopted, and in 181 1 Berzeliu^ applied the 
metalloid to distinguish the non-metallic elementary substances from we.Jn 



which sense it has been commonly used up to the present time, cBiefly |n wjhtion th 
substances which, like the metals, have not been resolved into separate Consti^ents,. 
and which are consequently regarded as elementary. , > 

A high degree of density was long considered to be a peculiarly dist^Q^^eohmcter * > 
of metallic substances ; but the discovery of the earthy and alkt^in^^etals .^6W^ 
that this is not the case, and that, in regard to this, as well as othei* ^yiical eharWtajrs, 
the term metal has only a relative application, and should not be cohi^ered as lipre- 
senting a class of substances entirely distinct from those termed fhetafloiidA ® 

This fact has been rendered still more apparent by the advanced invest^tion of th# - 
chemical characters and relations of metals and other substances; for while some ^ * 

substances possessing, in a marked degree, certain of the physical characters, hitherto ^ ' 
regarded as distinguishing metals, do not possess, in an equal de^r^, the ikeioicid c]^a< 
racters of metals, there are, on the contrary, substances possessing few or hdnO'tjf the 
physical characters of metals, but manifesting in their chemical characters . i 

tions the most marked analogy with well-defined metals. Thus for instahqc antimbn^' 
molybdenum, arsenic, titanium, &c., form compounds with oxygen, sulphur, &c., #hicli 
are the analogues of sulphuric, phosphoric, nitric, and silicic acids ; wWle, on the other 
hand, the electropositive constituents of the earths and alkalis, also hydrogen, api- 
moniura, and some of the hydrocarlxm radicles, correspond closely with the electropositive 
metals, in their general chemical functions, and form with oxygen and sulphur, &c., 
compounds which are in the highest degree analogous to the basic compounds of silver, 
lead, iron, &c., with oxygen. 

In a strictly chemical sense, therefore, the terra metal must be regarded as represent- * 
ing an ideal typo, to which a number of substances approximate mor^pr less, indepen- 
dcntly of their physical characters and of their simple or compound nature. 


The elementary substances generally regarded as metallic are mostly solid at 
ordinary temperature, the only exception being mercury (p. 933). With 
tion of arsenic, they are all capable of becoming liquid at various tempciatBiii 


peculiar to each, and some of them are capable of being converted into vapour 
In the solid and compact state they are in a-high degree impervious to light. 
of metal is absolutely opaque ; but very thin laminae of some metals allow corfa^ iayB 
to penetrate through them, as for instance gold-leaf, which transmits light QfjjtijtfMieil 
colour. (Faraday, see pp. 636, 612.) ^ ^ 


In consequence of this impermeability by light and the accompanying 
power of metals in the compact or liquid states, they possess a peculiar l|j 
brilliancy, which may be developed by polishing their surfaces. The colour \ 


metals is a peculiar grey, with a varying tint of blue ; but some few are yellow 
as gold and copper, brass, bronze, &c. (see Light, p. 641 et sea.), the colom 


as gold and copper, brass, bronze, &c. (see Light, p. 641 et sea.), colour iMit 
due to an unequal power of absorption for different rays, and var^g a^ording to 
angle which the incident rays form with the surface of the metal When this an» 
is very small, the whole of the rays are reflected, aUd all metals appear quite cuiourlS»,,Cl, 
One of the characters which, in combination with those already mentioned, hail-v^ 
been regarded as most distinctive of metallic suj>8tances, is an internal mobility, in 
virtue of which the shape of a mass of metal may be altered by pressure, hammering, ' 
or by other mechanical means, without disint^ration or disruption of the mass, 
character, which is presented in various deg^s and modes by different metab, 
expressed by the terms mallvability — denoting' the capability of flattening or spreaduak^ 
out under the hammer, or between rollers^ — and ductility — denoting the capabilify^fm 
becoming longer and thinner by drawing through a hole of less area than the ttiweroe ' 
section of the piece of metal. - 

For individual metallic substances, the degrees of malleability andjgd^lSity 
by no means equal ; many metals, which are in a high degree maUei^K^^ir 
1^, cannot be drawn into very fine wire, while others which are ‘ 

iron, copper, gold, possess far ^ater ductility. Both characters 
influenced by temperature. Within certain limits they are gene^y gb^ater 
than at low temperatures. The mechanical working of a metal is 
an alteration in its molecular condition, attended with diminution of 
dujCtility (kammer-hnrdened ; Scroui), In such cases those mnj bO ijSjxMtPd V: 

to tlie metal by heating it and allowing it to cool slowly {annealing 
• From 4»tT«eAAM», met:il and likeneii. 
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p06s^ 80 little malleabilitj or ductility thft they caunot be rolled into 
r dMwn into wire. 


S i^; or the resistance to forces which tend to tear asunder, either by tension, 
UTyWrenching, is another character which metals possess in very unequal 
It is intiilsately connected with molecular condition, and is in some way 
» Jaalleabilify and ductility. It is largely inlliienci^d in i-Mirtieular metals hy 
jsbaenco of certain admiatureH; by tlie manner in winch they have 
;* into shape, and l>y tem|wiaturt\ In goncial it is retluced by increase of 


butm some cases it is increased within a certain limittHl range of tern* 
in th^ case of iron (see Cohesion, i. 1078). Some metals po.sacss but a 
8li||^ 4'^^ tenacity, and are then termed brittle? — as zinc, antimony, and 

anehitv 

ffMieUy, “Or tho C£^bility of a bar of metal to nvover its original shape and 
dlnoehliions, after being bent or strelehed, is also a character eonnecte<l with tenacity 


. j||g 3 intcamid mobility. It varies much in dift'erent metals. 

MwNdlic substances differ very widely in the degrt'o f)f lianhmif they possess, or are 


of acquiring by sudden cooling or otherwise. 8ome are so soft as to admit of 
being Idieadna like wax (potassium and sodium), others are eapablu of scratching 
itcel, chromium). The presence of small amounts of mrious 


quaftf OVeU diakhond (fltcel, chromium). The presence of small amounts of mrious 
^ silicon, &e., in metals, often commmiicatcN to tliem coU' 

'' hardness. As a general ride, a metal is more brittle in pro[)ortion to its 

degree of hardness. 

Metals are capable of assuming a crystalline structure, generally belonging to the 
cube, octahedron, or some other form of the regular system ; antimony and arsenic 
crystallise in rhombohedrons. Metals occurring native are fretiucnily crystallised. The 
existence of crystalline structure in a metal, considerably inHueners its tenacity. It is 
generally accompanied by an increased degree of brittleness, and those mj tals which 
Hre most easily cry8talhse<l are, as a general rule, the most briillo. Crystalline 
litructure is sometimes assumed by metals, while in the solid state, under the influonco 
of long continued Keiat, of percussion or of vibnilion, am! other mechanical actions, and 
tbs change thus induced is often of importance in relation to technical applications 


‘ ‘ (ifi p. 327). Metals may often Ik? crysftillised by slowly cooling them in a 

And when partly solidified, iK>uring off the remaining liquid metal (see 
Lead, lii. 478). Metals ofteirassume a crystalline structure when 


jn^osited from' solutions of their saline com^wunds, and some can be cryMtMllisfsl 
ibatioa (sine, arsenic). 

metalloids in general present a marked difference in their power of con- 
;^£^city and heat ; the conductivity of metals for electricity is greater than 
substances. It varies considerably in different metals, and to some 
^SpS^^^vidual metals, according to their molecular condition, temperature, 
^|3b|etiec or absence of foreign admixtures.* The purer and 8oft(?r the metal, 
SiBl ’ifal conductivity : the higher the temperature of the metal, the less its con- 
I^PlTheopnductivity of some metalloids is increased by elevation of temperahire. 
||SAdem»(in, lAhre wm Galvanismus tind Kleciromayyictismuif, i. 180.— 
^lesson, 1856, Proc. Roy. Soc.xi.61«.) 

and metalloids differ m their electrical relations, tlio former heing, ns a class, 
x>-pOflitive, the latter electro-neastive. The distinction, howev(‘r, is only one of 
metals present similar differences among each other. (Hee huKcrniciTy, 


^^Metals differwidcly in their capacity for heat. I’he specific heat of sodium amounts 
tp " irjy ten-fold that of bismuth, lead, mercury, or gold. The conductivity for heat 


^WhtB greatly, though metals generally possess a comparatively high degree of 
Bta^tity for heat. (See Pespretz, Compt. rend. xxxr. 540.— Wiedemann ami 

Sltti^l854,*Ann.Ch. Phys. xli. 107.) . . , , . i i 4 ' e 

The feUowing table presents some of the principal physical charaebTS of tlie 
iiujlHdlihL elementary metals and metalloids, so far as tiny have been deter- 
cases the numbers given arc.only approximative. It must also bo 
existence of these characters, and the degrees in which they are 
MSkcular substances, are sometimes due to the molf*cular condition of tlio 
^^L^Wthan to nnv inherent peculiarity. This is more especially known to 
,rith Ac metalloids, several of which are. polymorphic, as sulphur, pbospho- 
silicon, &c. (See Dimobpbism, li. 331.) 


lA^^M AittomiMnvInf table are taken from Mat th l« • • r> n *• c*p«Hn»ents f 
|H,ii iiaff. r41 afH. SI >. The letter* A, p, and s pre6»«t to the iiiinibeT* in colttin* 
pr^ ware 
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[■H 

Si 


[ specific gravity 

Specifi 

neat. 

c Melting 
point 

Cow 

Heat 

lucOvlty for 
KlfCtridtj 
at0®C. 

Water= 

l| Air=l 

Wood. . . 

1741 

Flatixiiim . 

21*50 1 . . 

0*0324 


8*4 

A 18*03 

Descotils : ? 

1803 

Iridium . . 

21-15 . . 

0*0326 

1 



Tennant ( 


Gold . . . 

19*26 . . 

l0*0324 

1200° ! 

1 53*2 

A. 77-96 







1 

1 

fc 79-33 

Klaproth . . 

1789 

Uranium . 

18*40 

. . 

0*0619 




d’Elhujar . 

1783 

Tungsten . 

18-30 


0*0334 






Mercury . . 

15*60 


0-0319 

—39® 





liquid 

13*60 


0*0333 

. • 

. . 

1*656 

Crookes: Lamy 

1802 

Thallium . 

11*90 


0*0336 

• . 

. . 

p. 9^16 

Wollaston . 

1803 

Palladium . 

11*80 


0-0593 

. . 

6*3 

s, 18*44 



Lead . . . 

11*33 


0-0314 

332° 

8*5 

p, 8-32 

Wollaston . 

1803 

Rhodium 

11*00 


0-0553 






Silver . . 

10*57 


U-0670 

1000®? 

100 

h. 100 









$. 108*57 

S. Tennant . 

1803 

Osmium . . 



0 0311 






Bismuth . . 

9*80 


0-0308 

270° 

1*8 

p. 1-24 



Copper . . 

8-94 


0-0952 

1200®? 

73-5 

h, 99*95 









10221 

Cronstedt 

1751 

Nickel . . 

8*82 


0*1086 

. . 

, , 

s. 13-11 

Hjelm . . . 

1782 

Molybdenum 

8*03 


0-0722 




Brandt . . 

1733 

Cobalt . . 

8-51 


0-1070 

. . 


s. 17-22 

Stromeyer . 

1818 

Cadmium . 

8*45 


0-0567 

320^ 


p. 23-72 

Gahn: Scheele 

1774 

Manganese . 

8*02 


0-1217 


1 




Iron . . . 

7*84 


0-1138 

2000®? 

11-9 

s. 16-81 



Tin . . . 

7*30 


0-0562 


14-5 V. 12-36 



Zinc . . . 

7*13 


0-0955 

*43.3® 


p. 29-02 

Vanquelin . 

1797 

Chromium . 

7*01 








Antimony . 

6*72 


00508 

450® 

1 

p. 4*62 

, Gregor . . 

1791 

Titanium . 







Brandt . . 

1733 

Arsenic . . 

5*63 

10-40 

0-0814 

. . 


p, 4*76 

Davy , . . 

1807 

Barium . . 

4*00 


. 

450® 



WOhler . . 

1828 

Aluminium . 

2*56 


0-2143 



s. 56-06 

Davy . . . 

1807 

Strontium . 

2*54 



. . 


p. C-71 

Wohler . . 

1828 

Glucinum . 

2*10 






Bussy . . . ' 

1829 

Magnesium . 

1*74 


0-2499 

433® 


8. 41-1 7 

Davy . . . 

1807 

Calcium . . 

1*68 





p. 22*14 

Bunsen . . 

1860 

Rubidium . * 

1*52 


t 




Davy . . . 

1807 

Sodium . . 

0*97 


jO-2934 

90® 


p, 40*52 

,, ... 

»» 

Potassium . 

0*8 G 


0*1696 

55® 


p.*; 22-62 

Mosander 

1839 

Lanthanum . 

0*83 






Arfwedson . 

1818 

Lithium . . 

059 


0 9408 

. . 

. . 

p. 19-00 



Hydrogen . 


0-0691 

3-4090 




Rutherford . 


Nitrogen . 

. . 

0-9713 

0-2438 




Priestley . . 

1774 

Oxygen . . 

. . 

1*1056 

0-2175 

i 



Scheele . . 

1774 

Chlorine . . 


ii*47 

0*1210 






liquid 

1-33 






Brandt . . 

1769 

Phosphorus . 

1*84; 

4-42 

0-1887 






red 

1*96: 


0*1700 






Sulphur . . 

1*98 ' 

6-62 

0*1776 






trimetric 

2*07 








Carbon . . 

2*27 

, , 

|0*2008 






tryttattine 

3*53 

. 

0-1469 




Gay-Lussac ) 









Thenard > 

1808 

Boron. . . 

263 

. . 

0*2500 




Davy ) 









Berzelius. . 

1810 

Silicon . . 

2*34 

, , 

0-1750 






crystalline 

2*49 

. 

0*1774 




Balard . . 

1826 

Bromine . . 

3 

5-54 

0-0555 

-«12® 





liquid 

3*19 






Berzelius., . 

1817 

Selenium . 

4-28 

8*20 

0*0744 







4-80 






Courtois . . 

1811 

Iodine . . 

4 -95 

8*72 

0*0541 




Muller . . 

1 1782 

Tellurium , 

6*24 

• • 

0-0474 

• • 

• • 

0-00^ 
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metals occur natiye, Tia. gold, platinum, palladium, iridium, and fliodinm, 
wliioh ar^ almost always found in tho metallic state— silver, copper, mercury, biamuthi 
arsenic which are oiten found in tlie metallic state— iron, autiinony, load? aino ? which 
are very rarely found in that state. 

For the most part, metals occur naturally as constituents of various minerals, in 
which they are combined w’ith oxygen, sulphur, chlorine, or tti*senic, &:o., in various 
pix^rtions and modes. 

Of the metalloids only three occur native to any considerable extent, viz. nitrogen, 
oxygen, and sulphur. Carbon and sedenium occur but nindy in an isolatinl state. 
It is doubtful w’hothor fluorine has yet been obtained in the free state, even arti- 
ficially (see ii. 673). 

In the chemical charsicters and relations of metaN and of metalloids, there are 
differences us great as in their physical characters. Tliese diflercnces, however, are 
manifested more in the functions which the substances of one or other class perform, 
in their compounds with other substances, than by the capability of dirt'ct conibiuntion 
with each otWr, which is considerably influenced by various pliysical conditions, such 
as temperature, state of aggregation, &e. ; hence also this mode of clieinieal action 
should probably bo n^ardod merely us a plniso of some more gcmeral dynamic pro- 
perty, rather than as the exercise of a peculiar force, inherent in the different elernenUry 
substances. (See Chemicai. Affinity, i. 850 li »eq.') Ilut in any case, the exist enco 
of chemical compounds, and their charaetiTs in relation to other siihslances, must be 
regarded as results of the same mutual activity which determines ehemieal comhina- 
iion. Probably all elementary substances are more or less capable of existing in a state 
of chemical combination with each other; but those jx)Kses,sing this cajmbility in the 
highest degree are, as a rule, either the most opposite in tlieir general ehemieal rela- 
tions, or else capable of assuming special functions in relation to certain others. Tlie 
eleraentary substAnoes possessing the most universal capability of existing in combina- 
tion with others, and of direct combination, are fluorine? oxygen, sulphur, chlorine, 
bromine, iodine, and some of the metals. 

Hydrogen and oxygen, which present the most decided diffeivnccs in tln'ir general 
chemical relations, may bo taken ns typical of the two classes of elementary substances 
—metals and metalloids— tho one representing* tho basylous, and the other the 
chlorous constituents of compounds. (Graham.) 

The basylous or clilorous characters of the elementary substances are not however abso- 
lute, except perhaps in the case of fluorini^ and oxygen. On the contrary, they vary ac- 
cording to the kind of substances existing in combination. Thus, for insnuice, chlorine 
and sulphur are lx)th basylous in relation to oxygen, but chlorous in relation to hydro- 
gen and most other elementary substances ; again, among tlie m(>tals whicli an* geiierolly 
basylous in their relations to other substances, some are capable of existing in combi- 
nation with others, in relation to which they are then feebly chlorous. . . , 

In compound substaiicos consisting of two eb-roentary radicles, their ehemieal 
characters and relations to each other generally aj>proximalc to the basylous or clilorous 
condition more or less in proportion to the relative j>repondcrHnce of one or other of 
those characters in one of the constiHicnts. Thus, for example, m water tlm relatively 
basylous and chlorous characte.-s of hydrogen and oxygen are so nearly balarici^U 
that it is almost destitute of any chemical activity as an independcnr suhstunce. ami 
that which it does exhibit is, according to circumstances, sometimes laisylons as in 
hydric sulphate, nitrate, &c., and sometimes chlorous, as in potassium-liydmte, calcium- 

hydrochloric acid, howeA'er, the chlorous ebaracler of ehlonno relatively to 
hydrogen exceeds that of oxygen, in such a decree that this substanee is dccidf^ly 
chlorous in relation to tliose, substances with which it can exist in combination. But 
in hypocblorous acid, though chlorine is basylous relatively to oxygen, that 
is feeUy chlorous in its compounds. In soda and sodium-chloride, on tl)c coiitnii;\j 
the basylous character of si^ium exceeds that of hydrogen, rcdaliyely to 
chlorine, in such a degree that the fonner is highly basylous, and t he latter slightly s ^ 

The chemical activity of compounds as indep ndent substaiiees, is not by any means 
priortionat6 to tli.it of their con.titnrnlH ; ll.u», for tnstan.-.., 

niort indifferent lubslaiicen, Imt il« eonijwuml with hjdrogeii m a |«»(rlul nlkali, 
and some of its conijxainds with oxygen arc piowerlul acids. i t ^ 

The DtODOrtion in which two elementary substjnicrs arc combined a so influencea 
the cheSXacters and relations of the compmnd. Thus m Ho<hum.,^roxtde 
conteining twice as much oxygen as soda dcK^s in proportion to ^mm, the 
charactlr^disappcars, and thi.s compound ia destitute of any chemical activity ' 

deoendent substance. Again, manganous oxidc' is highly basyb»us, and manganic oxid 
sliStlv so while the peroxitfe is indifferent, and the higher oxides are rhlorims. In 
like manner the com^unds of nitrogen and of chlorine, bn, mine, iodine, &c. with 
oxygen are more dccidi^dly chlorous in p«»portion to the amount of oxygen they contain. 
' 3 o 2 
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The chemical function of manganese in manganous oxide is essentially different from 
that which it exercises in manganic or permanganic acids. In the former case the 
metal corresponds with, and is chemically equivalent to, hydrogen in water ; in the 
latter case it corresponds with, and is equivalent to, chlorine and nitrogen in chlorous 
and nitrous acids, and to chlorine in perchloric acid. (See Classification, i. 1007 ; 
and Equivalents, ii. 491.) 

Certain compounds of elemonfary substances present, in their general chemical 
relations and functions, a very close analogy with the metals and metalloids ; as, for 
instance, cyanogen (see ii. 275) and the hydroc:irl)on radicles. (See Radicles.) 

Compounds are usually named generically according to their chlorous constituents, 
and specifically according to their basylous constituents; thus compounds in wWch 
oxygen, sulphur, or chlorine, &c., are the clilorous constituents are termed oxides^ 
sulphides, chlorides, &c. (see Nomenclature). In the case of compounds in whi(^ 
the relative basylous and chlorous functions of the constituents are less marked or not 
easily detenninable, names of a more arbitrary nature are commonly used ; thus, for 
instance, the compounds of metals with each otlier are termed alloys, and those alloys 
in which one of the constituents is mercury arc termed ajnalgams. 

Since the specific descriptions of particular compounds will be found under their 
respective heads, it does not come within the scope of the present article to do more 
than point out the leading characteristic features of the most inqxirtant classes of 
compounds, viz. oxides, sulphides, &c. 

Oxides. All the elementary 8ul>stances, except fluorine, are capable of existing in 
combination with oxygen, in one or several proportions. 

The physical characters of oxides are genersiDy very difiTcrent from those of their 
constituent basylous radicles. Among the metalloYdal oxides, some are g-aseous under 
ordinary conditions, as carbonic oxide, carbonic acid,* some of the nitrogen oxides, 
sulphurous acid, &c. ; some are liquid, as nitrous acid; others are solid, as nitric acid, 
sulphuric acid, silica, &c. Among the metallic oxitles, all of wliich are solid, some are 
volatilisable, as arsenious acid, antimonious oxide; the others are fixed and mostly 
infusible and insoluble in water. Formerly metallic oxides wore called calces, and 
their production was termed calcination. (See Gas, ii. 774.) 

Many oxides occur native in great abundance ; thus among tliosc of the metalloids, 
carbonic aeiil is a constituent of the atmosphei'e and of a great number of mineral sub- 
stances. Silica also is very abundant both in the states of quartz, flint, sand, &c., and 
as a constituent of numerous minerals and rocks. Sulphuric acid oeimi-s frequently as 
H constituent of various minerals, as gypsum, selenite, heavy spar, &e. ; bonicic acid 
occurs in the lagoons of Italy, and in some minerals: 2 >hosphoric acid is very widely 
distributeil throughout the mineral kingdom, in small relative quantity, and it occurs 
nlinndantly in plants and animals. Among the metallic oxides, water, the earths, and 
the alkalis are probably the most abundant; existing as constituents of various 
minerals and rocks. Among the compounds of the heavy metals with oxygen, the 
oxides of iron, manganese, and zinc are the most abundant, eitlicr as such or in 
combination with carbonic acid, silicji, &c. 

The chemical relations of the oxides are as diverse as those of elementary sub- 
stances. Among the metalloidal oxides containing tlie snuillest pn>pr>rtions of oxygen, 
some are characterised by their chemical indifi'erence, as individual substances, in 
relation to most other sub.stunces, as for instance carbonic oxide, nitrous oxide, &c. 
Those containing larger proportions of oxygen are possessed of consideral)le chemical 
activity ; and, in their compounds with other oxides, they present relations wliieli are 
genehilly of a more or less decidedly chlorous cli|U".icter, as for instance sulphuric, nitric, 
and carbonic acids. . 

The metallic oxides containing the smallest proportions of oxygen are sometimes 
characterised by their chemical indifference, as for in.stance suboxide of lead ; but 
they more generally present relations of a basylous nature in their compounds with 
other oxides, as for instance potash, soda^ zinc-oxide, silver-oxide, &c. Among those 
containing lui^er proportions of oxygen, some, such as ferric oxide, alumina, &c., 
present this character in a less marked di*gree, and in some of their compounds 
they are chlorous, as in potash-aluminate, &c. Other metallic oxides containing 
still larger proportions of oxygen, such as mangane.se-peroxide, &c., are mcwtly 
indifferent as individual substances ; but the oxides containing the latest proportions 
of oxygen are in many case-s decidedly chlorous in their compounds with other oxides ; 
as for instance, manganic acid, permanganic acid, stannic acid, chromic acid, &c. 

The chemical relations of compounds consisting of two different oxides are generally 
of a nature corresponding to tnose of hydrochloric acid and potassium-chloride to 
other chlorides, and the mutual relations of their constituents correspond with those of 

• The word “ acid ** in tbi* article U used in the teneS of aakydrous acid or anMjfdride, e^., carbonic 
Mid CO> ; narlv acid N^O\ &c. 
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lijrdrogen and chlorine in hjdrochloric acid. (See Salts ; and Acms. i. 39 ; Aulau. 
i 116; Bask, i. 619.) — —i 

Many oxides containing the largest proportions of oxygen are decomposed at various 
temperatures by the action of heat alone, yielding oxygen-gas and lower oxides. 
Excepting nitric acid, which is readily decomposed by heat, most of the otlier higher 
oxides of the metalloids which are known in a separate state, are camil.le of supiwrting 
high degrees of temperature without decomposition. The sesquioxides and peroxides 
of metals are generally decomjxised by heat into oxygen and lower oxides, and all the 
oxides of silver, gold, platinum, &e., are <leeoin]>osei*l by moderate degrtvs of heat into 
oxy^n-gas and the resjiectivo metals. .S<ime oxides, on tlie 1 * 011 ! rary, eomhiue with a 
further quantity of oxygen, either at the onli nary temperature, as for instance man- 
ganous and ferrous oxides, or when heated in contact with oxygen or atmospheric air, 
#18 plumbous oxide. This cliunge takes place most rtMulily in some cases when tlie 
oxide is in combination with water, or when water is pr<v«‘nV. 

Most oxides ma^' be decomposed to a greater or less extent by the simultaneous action 
of heat and of some other substance capable of eombmiiig with oxygen, and of abstrait- 
ing it*from the oxide o|X'nited nj>on, so as to form an oxide of greater stability under 
the circumstances. Tin's reduction, as it is termed, is complete when the whole of 
the oxygen is separated from the basylons raditde, and jKirtial when there is only u 
lower oxide produced. Tlie most powerful reducing agents are the alkaH-mctals, 
hydrogen, carbonic oxide, and carbon. Even carlKinic oxide is dis’omiHisc'tl by ihjIum. 
siura or sodium with the aid ot heat. The oxides of the metalloids an» mostly 
susceptible of reduction by carl)on with the ai<l of heat. Among metallic oxides thoso 
of iron, copper, lead, bismut h, &c., are completely reduced by liydis)gen at a risl heat ; 
the oxides of manganese an<l uranium, &e., are but partially reduced ; oxide of zinc with 
difficulty; while the lower oxides of ehromium, manganese and uniniutn, uml the oxi<h*K 
of the earthy and alkali-metals are not affected by hydrogen. In the reduction of 
metallic oxides by means of carbonic oxide or carbon, the melnl eliminated often 
•ontains carbon in a state of combination with it. At very high tmnpcratnres, carbon 
reduces some oxides which are not affect chI by hydrogen, as fur instance soda and 
potash at a white heat. 

When the reduction of a metallic oxide by carl)on is effected at a eompanitirely low 
temperature, carbonic acid is formed; but wlnn it takes place only at a very bigli 
temperature, carbonic oxide is produced. 

The reduction of metallic oxides may also be eff»‘Cted by heating them with metals 
whose oxides are loss readily redue<*<). Thus potassium reduces several metallic oxides, 
and among others ferric oxide at a red heat ; but at a while heat, potash is decomfM)se4 
by iron. The result in this latter case may Is* <lue to tlio volatility of potassium at 
that temperature, and the consequent removal of snwill |>ortionH reduced under thn 
influence of a preponderating mass of iron, so that thisaefion takes |^>laee rep<’atedly 
until the whole of the potash is deeomjiOHed, and without any possibility of iietiun 
between the potassium and oxide of iron. 

By the action of heat and reducing agents upon eoinpfmnd oxides, such ns sulnlintes, 
phosphates, &r., there may be priKbieed a compound of the metal with the chlorous 
radicle, as sodium-sulphide, by heating to redness a mixture of the correspimding 
sulphate with carbon. If the radicle of the chlorous constituent of tlie com|x>uud doisi 
not combiiiie with the metal under the circumstances, it may be volatilised in tlus 
state of a lower oxide, as in the reduction of nitmtes. 

Some compound oxides, such as carbonates, nitrates, &c., are decoinposeil by tlie 
more action of heat, the acid being eliminate*! either unaltered or docGUiit>osod, ami 
the mrtalHc oxide remaining cither in the same state as it existed in tlie original 
compound or in a higher state of oxidation ; thus ferrous eaebonate yields by 
ignition, ferroso-ferric oxide and a mixture of carbonic oxide with enrbonic acid. 

Certain metals and metalloids do not, umler any kiiowm eircurastiinces, eombiue 
directly with oxygen; for example, gold, platinum, nitrogen, chlorine, bromine, iodine, 
&c. All the others arc capable of <‘ombiniiig directly with oxygen, some of them at 
very low temperatures, ns for instance wxlium, potassium^ &e.; others like c*>pi>er, iron, 
carbon, sulphur, phosphorus, &c., wlien heated to tern|>eraturc« differing for each. In 
all cases the direct corabimition with oxygen is atte nded with evolution of Iieat, and 
if it takes place rapidly, it is also atfendeil with evolution of light. (8ee CoMUUSTioif, 
i. 1089.) 

The physical condition of sul>stanceH capable of combining directly with oxygeo, 
influences very much the facility with which the combination takes place. A state of 
minute subdirision is most favourable, while a compact condition is most opposc<l to 
combination, especially when the resulting oxide is infusible at the lenip**ratu»e 
product by the combination, and forms a protecting crust over the surface of the 
substance. Thus pulverulent copper, heated to abcut 460® C., lakes tire in oxygen 
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merely becomes e r^sulling oxide is Selfed at the tempers- 

rPa’and^hKh’rX^urf^^^ i-xposed to the action of the 

^'rhe indirect oxidation of metals and metalloids may be effected by heating them 
with substances which evolve oxygen when heated, such as nitrates, cWora^s, &c. 
Some metals such as iron, zinc, &c., decompose water in the presence of acids, and 
foTo^efes Scombine ;ith the acid. Others decompose water alone at the ordinary 
form oxides wn , aluminium, magnesium, iron, &c. 

Othere aSiiii decompose water in the presence of an alkali, and with tlic aid of 
Hluminium and zinc. The behaviour of iron with water- vapour, and that of ferric oxide 
•.11 1 „ 't strikin<»’ illustration of the influence of circumstances on th^_ 

^eioiso^of ^^henncid affinity. The production of ferric oxide in the one case, and the 
reduction of the same substance in the other, are most probably due to the 
resDectivc preponderance of water-vapour relatively to hydrogen, and of hydrogen 
Sivelv to water-vapour, and also to the constant reinoval of the ^ydrogon and 
the ™ whidi are produced in the two cases by the action taking place. 

A simUar influence is also raLifested in the reduction ot zmc-oxide by hydrogen. 

^^The ficUity with which different metals combine with atmospheric oxygen under 

pSSe of acb vapours in the atmosphere facilU:jtcs this action u^n 

uirfaUhiit in the case of some it does not extend beyond the surface Thus, for in- 
stance ’ zinc, when superficially oxidised by exposure to the atmosphere, f “V ‘Jl'F 

s-i!:? 4-! 

‘^"AdifferKpUcation of the same principle may be made the 
1 'If iw^n Thus if the metal is placed in contact with a substance which 
!• Xstrci:*^ Mie affinity of iron for oxygen is reduce 

and it becomes less liable to oxidation than it would otherwise This fact 

1.,.= l,.pn iiriu'licallv applied in the galvanising of iron, which consists in coating iron 
with a thin layer of zffic which becomes electropositive in relation to iron, and thoiigh 
^nc s t urrendered more liable to oxidation, it still protects the iron, since the 
oxidation of the zinc is only superficial, and the producUon ot a thin film of oxide upon 

SulBbWeir''*Ti*toee form a very numerous class of substances, which, consistently 
with the eh-lcaUndo^J^betwe^^^^^^^^ - 

■^“Tre ^dUffies a?e”«.Fbie”of formffi^^ eachother-sulpho-salts- 

"'Miylulphid^Sbine with water and some other oxides, as weU as with chlorides 
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than the cori*o8ponding oxidt's, and some are Tolatiliaable, as mercuiy-sulptudey anonich 
sulphide.^ Carbon-disulphide is an oily liquid, insoluble in water. 

Metallic sulphides occur native in gn‘at abundance in the various forms of pyrites, 
blende, and glance. They are the principal sources from which certain inetms, such 
as lead, copper, &c., are extracted. 

Many sulphides, when heated out of contact with atmospheric air, do not undergo 
any decomposition ; this is the case chiefly with those containing the smallest propor- 
tions of sulphur, such as the protosulphides of iron and fine. Sulphides containing 
lai*ger proportions of sulphur are jmrtially decomposed by heat, losing part of their 
sulphur, and being converted into lower sulphides, or partially reduced, ns in the case of 
iron disulphide. The sulphides of gold and platinum are completely reduced by heat. 

Some sulphides may be (leconqH)sedby the simultaneous action of heat and of substances 
capable of combining with sulphur. Thus, for instanct\ silver, cop|)er, bismuth, tin, and 
imtimony sulphides are redact'd l»y hydrogen ; cop]|>er, lead, mercury, and antimony sul- 
phides are reduced by hoaitiug with iron ; but. in this case, some of the sulphide esca^x^s 
decomposition, and combines with the iron-sulphide produc»*d, forming a sulpho-salt. 

Sulphides which are uot reduced by heat alone, jirt' always deconijjoswl when heated 
in contact with oxygen or atmosplieric air. Those of the alkali- and earth-metals urtJ 
converted into sulphates by this nuans. /inc, iivui, mangjinese, copper, lead, and 
bismuth sulphides are converttnl into oxides, and sulphurous ticid is produced ; luit 
when the temperature is not above dull ri'ducss, some sulphate is f)rm»Hl l>y dirtvt 
oxidation. Mwxniry and silver sulphhU's are coin|»h‘t('ly reduced to the inctalhe state. 
Some native sulphides gradually undergo altenUion by mere exjK>smro to the atmo- 
sphere, but it is then generally limited to the production of sulphates, unless the oxida- 
tion takes place so nipidly that the heatgeneratt‘<l is sufficient to deeoiu|K)8e the sulphate 
flrst produced. In the production of some metals for use in the arts, the separation of 
sulphur from the native minerals is effected chiefly by means of this action in the 
operations of roasting. (See Metai.luiioy.) 

Some metallic sulphides are also decompo.scd by heating them in contact with wafer- 
vapour, with production of metallic oxides and sulphuretted hydrogen : I«id, antimony, 
and mercury sulphides are but partially or little atreeted, and the sulpliides of alkali- 
or earth-metals arc converted into sulphates, hydrogen being elLminated. 

Metallic sulphides are decomposed in like manner when heated witli metallic oxides 
in .suitable proportions, yielding sulphurous acid and the metal of both the sulphido 
and oxide. Metallic sulphates and nitrates exercise a similar action, yielding various 
proportions of metallic oxide and basic sulphates according to the proportions of the 
substances reacting. 

Many metallic sulphides are decomposed hym'ids in tlio presence of water, sulpliur- 
etted hydrogen being evolved, while tlie metal ent4'r8 into ei)mbination with the acid 
or the chlorous radicle of the acid. Nitric acid when coneentrated di'eomposcs most 
sulphides, with formation of metallic oxide, sulphuric acid, Hulj)hur, and a lower oxide of 
nitrogen.’ Nitromuriatic acid acts still more energetically in a similar nmum r. 

Most of the metals and metalloids arc capable of combining directly with sulphur 
when lieated with it under suitable conditions. Gold and zinc do not combine directly 
with sulphur. The combination of metals with sulphur is attended with gn at ovolu- 
•.ion of heat, and also of light when it takes place rapidly, Ixdug in fact a true case of 
combustion in which sulphur takes the part of oxygen. . 

Sulphides are also produced by the action of metals upon sulphydrie acid, lH>th slowly 
at the ordinary temperature, and more* rapidly by tlie aid of heat. Metallic oxides 
heated with excess of sulphur yield sulphurous acid and sulj^iides; sornefimeH a t*o!j- 
pound of sulphide and oxide, as in the case of mangattcse. The alkalis and earths do 
not yield sulphurous acid in this way, but hyiwsulphurous or sulphuric acid, whicb 
remains in combination with a portion of the base- liver of sulphur. Aletanic 
sulphates heated with carlion are n-ducN'd, carbonic ueidor carl a>nic oxide and suljihideH 
being produced. Hydrogen gas exercises the same re<lueing aetion with pnkluelian of 
water Metallic oxides heated in contact with sulphuretted hydrogen or varwur of 
carbon-disulphide are converted into sulphides, with simultaneous prodaetiori of waU*r 
and carbonic acid or carbonic oxide aeconling to eircamstanees. 

Solutions of metallic eonifiiamds yield precipitates of metallic sulpha 
with solution of sulphydrie acid, or of soluble sulphides In the rase of metals 
whose sulphides are decomposed by dilute acids, the sulphides are not precipitated 
unless there is an alkali added to neutralise the acid of the metallic salt. 

Metallic sulphides are also piwlueed by the rcjduetion 
substances. Many native sulphides have no doubt been formed in this way. 

Flioapliidea.-The8C compounds are but little known in a definite state ; but they 
nnoear to be in general analogous to the sulphides in their chemical characters. The 
me^c phosphide's are mosUy brittle aud fusible, and the presence of phoiplionia m 
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metals renders them hard and brittle. (See Copper, ii. 73 ; Iron, iii. 327, 334, 899, 

Lead, iii. 557.) , , , j v 

The phosphides of the alkali- and earth-metals are decomposed by cont^t with 
water, yielding oxides and phosphoretted hydrogen. Some of the phospWdes are 
converted by ignition in contact with air into basic phosphates, part of the phosphorus 

being volatilised. , ^ ^ , . , . , , vi. i. v 

Metallic phosphides may be produced, either by heating the metals with phosphc^s, 
by the reduction of phosphates with carbon or hydrogen gas, or by the action of phos- 
phoretted hydrogen upon solutions of metallic compounds. Some metals canhot be 
combined with phosphorus by any of these methods. 

Cblorides. — All the elementary radicles, excepting fluorine, are known to be capable 
of existing in combination with chlorine. The compounds of chlorine with the metals 
generally correspond to the oxides. (See Metallic Chlorides, i. 894 et seq.) 

Among the chlorides of the metalloids, some correspond in their composiUon with 
the respective oxides, sulphides, &c. (See i. 899, 764, iii. 293.) 

Bromides.— (See i. 672 seq.) 

Iodides. — (See iii. 284.) 

Fluorides. — (See ii. 670 scq.) 

BTitrides. — With the exception of the nitride of carbon (see Cyanogen, ii. 275), 
these compounds are but little known. The titanium-nitrides are among the most 
remarkable. Severjil other metals and metalloids appear to form definite compounds 
with nitrogen in several proportions. (See Carbazotb, i. 757 ; Boron, Nitride of, 
i. 635 ; Copper, ii. 67 ; Iron, iii. 391 ; Magnesium, iii. 754 ; also Nitrogen.) 

Carbides.— Several metals appear to bo capable of forming compounds with carbon, 
but their chemical histoiy is little known. The most important are the iron-carbides 
(iii. 371 and 329; also Copper, ii. 52). Manganese probably forms compounds with 
carbon analogous to the iron carbides. 

suicides. — The compounds of silieinm with the metals are still less known than 
the carbides. (See Iron, iii. 334, and Manganese, iii. 816.) 

Alloys.— Most metals are probably, to some extent, capable of existing in a state 
of combination with each other in definite proportions ; but it is difficult to obtain 
these compounds in a separate condition, since they dissolve in all proportions in the 
melted metals, and do not generally differ so widely, in their melting or solidifying 
points, from the metals they may be mixed with, as to be separated by crystallisation 
in a definite condition. Exceptions to this are met with in the cooling of argentiferous 
lead (iii. 504 H seq.), tlie crystallisation of brass (see Copper, ii. 48), and of gun 

SoJne'metals cannot be made to mix or combine with each other when melted 
together, except in very unequal proportions. Thus lead Trains I’® 
and zinc only 1-2 per cent, lead (see Matthiessen and v. Bose, 1861, Proc. Roy. Soc.). 
Even when inctnls are miscible in all proportions, it is difficult to say ^whether there is 
actual chemical combination, as in the case of potassium and sodium, tin and antimony. 

The chemical force capaUe of being exerted between different metals may, as a rale 
be expected to be very feeble, and the consequent state of combination would therefore 
be very easily disturbed by the induence of other forces. The stabiUty of such 
metallic compounds is however greater in proportion to the general chemical 
dissimilarity of the metals they contain. But in all cases of TOra^nation between 
nielals, the alteration of physical characters, w>ich is the disrtnctive feature of ehcmi- 
eal combination, does not take place to any great extent. The most unquestionable 
compounds of metals are still metallic in rtieir general physical charactere, and thera 
is no such transmutation of the individuality of their constituent, ^es pkcein 
the combination of a metal with oxjgen, or sulphur, or 
characters in alloys is generally limited to the colour de^ee 

and it is only when the constituent metals are capable of assuming opposite chemical 
. relations, that these comix>unds are distinguished by great brittleness. 

The formation of actual chemical compounds is indicated in some cases, when two 
meta’s are melted together, by several phenomena, viz. the evolution of heat, iw in 
the oa^e of platinum and tin, copper and zinc, &c. The density of alloys, also 
from that of mere mixtures of the metals. In the soUdification of alloys the temperature 
does not always fall uniformly, but often remains stationary at If 
• inay be regarded as the solidifying points of the compounds then 
ITnd lead melted together in any pwportions always form a compound which solidi^s 
at 187"* C. The melting point of an alloy is often very different from the Mint ot solidi- 
ficiion, and it is genemlly lower than the mean melting point of t^ 

Jlut though metals may combine when melted together, it is doubtful whether they 
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combineil after the Bolidification of the mass, and the wide differeiiees between 
the melting and solidifying points of certain alloys appear to indicate that the 


existence of these compounds 
is limited to a certain range of 
temperature. Matthiesson 
(Brit Asa. Reports, 1863, 
p. 37) regards it as probable 
tliat the condition of an alloy 
of two metals in the liquid 
state may be either that of — 
1. A solution of one metal in 
another; 2. Chemical com- 
bination ; 3. Mechanical mix- 
tdte; or, 4. A solution or 
mixture of two or all of the 
above ; and that similar dif- 
ferences may obtain as to its 
condition in the solid state. 
He considers that the con- 
ductivity for heat and elec- 
tricity are among the cha- 
racters best calculated to 
indicate the chemical nature 
of alloys. In respect to elec- 
1 ric conductivity, he divides 
metals into two classes, viz. : 

A. Metals which, when 
alloyed with each other, con- 
duct electricity in the ratios 
of their relative volumes — 
lead, tin, zinc, cadmium. 

B. Metak which, when 
alloyed with each other, or 
with a metal of class A, do 
not conduct electricity in 
the ratios of their relative 
volumes, but always in a 
lower degree than that cal- 
culated from' the mean of 
their volumes — bismuth, 
a n t i m 0 n y, p 1 a t i n u m, p a 1- 
1 a d i u m, i r 0 n, a 1 u ra i n i u m, 
g»)ld, copper, silver, &c. 

The curves representing 
the conductivity of different 
series of alloys have the re- 
lation shown in the accom- 
panying diagrams. 

Group I. Those belonging 
to the alloys of metab in 
class A are almost straight 
lines. That of the lead-tin 
alloys is given as the type. 

Group II. The cun^es of 
alloy g of metals in class B 
show a rapid decrement on 
both sides of the curve, the 
turning points being con- 
nect wl together by nearly 
straight lines. That of the 
gold-silver alloys is given as 
the type. 

Group III. The curves of 
alloys of metals in class A 
with those in class B show 
rapid decrement on the 


Group I. 
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Blrai?ht line to the other eide, beginning with the metal belongug to dass A. That 

of the tin-copper alloys is given as the type. u • t ■ . 

In regard to the alloys of the first group, if they were mechanical mutnres, the 
metals imposing them, unless their specific gravities were the same, would separate 
into two layers when melted and slowly cooled, as in the case of the lead-sine alloys 
(Matthiessen and v. Bose, Proc. Iloy. li. 430). But the alloys of Irad and tin, 
for example, do not separate in the same way as lead and zinc. Moreover, homogeneous 
wires could not be obtained by pressing if these aUoys were mwhanical mixtures; but 
wires of the same alloy have been proved to have the same coiiducting power, whether 
taken from the press at the beginning or the end of the operation. , . • , 

On the other hand, the agreement between the theoretic and actual conductivity of 
these alloys, as well as between the calculated and actual percentage decrement m 
conductivity between 0° and 100® C., indicates that, in the solid state, they are not 
chemical compounds. In regard to these particulars, the following law has been foufid 
to obtain for all alloys of the first and second groups, as well as for some of those 

belonging to the third group : , . . , ^ w o zx 

The actual percentage decrement in conductivity between 0® and 100® L. u to the 
calculated decrement, as the actual is to the calculated conductivity, (Matthiessen and 

Vogt, Proc. Roy. Soc. xii. 652.) v • i y 

Among the alloys of the second group, some may be regarded as mechanical mix- 
tures. Silver and copper fused and well stirred together, separate when slowly cooled, 
so that the mass contains different amounts of the metals at different parts 
(Le vol, Joum. Pharm. xvii. 111). But these alloys are exceptional, and most of t lie 
alloys of this group may be regiirded as solidified solutions of allotropic modifications 
of the metals in each other. The curves representing the conductivity of the different 
series of these alloys all have the typical fonn ; and tlie decrement in conductivity 
between 0® and 100° C. agrees with the theoretical amount. 

In the third group of alloys, the rapid decrement in the conductivity of those alloys 
of the several series which contain but very small amounts of a metal belonging to class 
A, cannot be ascribed to the existence of chemical compounds of the metals. For, in 
the first place, the amount of one of the metals in the alloys corresponding to the tiinv 
ing-points of the curves representing the conductivity of the scries is too small,. a.s will 
be seen by the following instances : 


Alloy. 

Percenteffr. 

Bismuth-tin. 

tin . . 

. ()-6 

Bismuth-lead. 

load . 

. 2-0 

Silver. 

tin . . 

. 2-6 


Again, the great similarity of the curves representing the condnetivity of series of 
alloys belonging to this group, is opposed to the existence of chemical compounds in 
tlie solid alloys. 

Moreover, the relation between the amount of different metals belonging to class A, 
and the decrement in conductivity of the alloys, is equally opposed to sticb a view of 
their coiulitioii. Thus in silver-lead and silver-tin alloys, the decrements in conductivity 
corresponding to 0-9 per cent lead and 0*7 per cent tin by volume are equal, and in 
bismuth-lead and bismuth-tin alloys, the decrements corresponding to 0-4 per cent. voL 
lead and 0 62 per cent. vol. tin are e^ual. (See Matthiessen, Phil. Trans. 1860, 

^ The influence exercised upon the condiictivitjr of metals by the presence of small 
quantities of other metals does not appear to berin any way determined by the altera- 
tion of crystalline form or tendency to crystallise which are known to be influenced by 
that circumstance. (See Matthiessen and^Vogt, Phil. Mag. 1862.) 

If it be assumed that the metals belonging to class B undergo a molecular change 
when alloyed with one another or with metals belonging to class A, and that in each an 
allotropic condition is induced by a small amount of other metals, varying according to 
the different metals, then many of the phenomena characteristic of alloys may be 
explained. Thus, for instance, the curve representing the conductivity of zinc-copper 
alloys has the same form as those of other alloys belonging to the same group, and 
the percentage decrement in their conductivity between 0® and 100® C. is exactly what 
is indicated by the law above stated. Hence it may be inferred that solid alloys of 
zinc and copper ore only solidified solutions of zinc and of allotropic copper in each 
other. The different action of reagents upon alloys and upon the metals constituting 
them, when in an isolated state, may also be refer^ to the existence of such allotropic 
modifications when they are alloyed, as well as to the existence of chemical compounds 
of the metals in the alloys. _ , . . . i 

In the tin-gold series of alloys, the curve representin|f the conductivity has not tho 
typical form of this group of alloys. Beginning from tm there is a gnulual decrement 
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•ft far as the alloy Sii*Au*,* then a gradual increment to the alloy SnAn, and then a ^ 
cremeut to SnAu* ; and from the Sloy containing 2*7 per cent, tin to puro gold, tM 
increase of conductivity is represented by a stnii^Tit line. These irreg[ulantie8 may bo 
rt‘gaided as indicating that the alloys corresponding to the turning-points of the curve 
are chemical compounds, for they have definite composition ; they contain large 
amounts of both metals : Sn*Au« = 60 per cent. ; SnAu - 37 per cent. ; and SnAu* « 1 3 
per cent, of tin. Then the specific gravity of the alloy Sn*Au is almost equal to tlwt 
calculated, while SnAu exjiands and SnAu* contracts more than any of the other tin- 
gold alloys. Moreover, the percentage decrement in tlio conductivity of these aluiys 
between and 100° C. does not conform to the law above stated (p. 943). liu and 
gold also dissolve in each other very readily, with evolution of heat. 

Matthiessen thus classifies the solid alloys com|> 08 cd of two metals accortliug to their 

chemical nature. , . . , 

f. Solidifie<l solutions of one metal in another— 4ead- tin, cadmium-tin, zinc-tin, leau* 
cadmium, and zinc-cadmium alloys. ... i i i 

2. Solidified solutions of one metal in the allotropic modification of another lead- 
bismuth, tin-bismuth, tin-copper, zine-copp<‘r, lead-silver, and tin-silver alloys. 

3. Solidified solutions of allotropic inodilicatioiiM of the metals in each other^ 
bismuth-gold, bismuth-silver, palladium-silver, platinum-silver, gold-(x>piH*r, and gold- 
silvdT 

4. Chemical compounds of the alloys corresponding to Su^Au, Su*Au and Au*Sn. 

6. Solidified solutions of chemical compounds in each other— the alloys intermediate 
between those corresponding to the above formulae. , n # 

6. Mechanical mixtures of solidified solutions of one metal in another alloys of 
lead and zinc containing more than 1*2 per cent, lead or 1*6 per cent. zinc. 

7. Mechanical mixtures of solidified solutions ot one metal in the allotropic modiii- 
eation of another— alloys of zinc and bismuth containing more than 14 per cent, zinc 

or more than 24 per cent, bismuth. . /..u * 

8 . Mechanical mixtures of solidified solutions of allotropic modifications of the two 

metals in each other— most of the silver-copj^r alloys. (Mutthicsso n, Brit. Ass. 

IH63— I^f7>orl o?i t/ie C/ief/iical Aaiure pp. 37^48.) 

In acco’^dance with the rule generally obtaining in respect to chemical combination, 
the metals which prcs(‘nt the greatest ditfercncc in their general chemurul clmraclers 
are the most callable of existing in combination with each other, and of forming de- 
liiiite compounds. Thus arsenic, antimony, &c., wliich are the most chlorous of tlio 
metals, foim numerous definite compounds with the more basylous metals— Bihjf, 
copper, iron, nickel, cobalt, See., many of which coinpounds occur native. (Wee 
Aksenidijs and Antimontdes, i. 310, 370, 091, 1041 ; ii. 41 ; iii. 368, 632.) 

Some arsenides lose arsenic when heated out of conbict with air ; but bv heating in 
contact with air tliey are converted into oxides or basic arsenates, while arsomous 

acid is volatili.sed. , . .. .i 

These compounds are often formed in metallurgical operations with arsenical 
mineral.s containing cobalt, nickel, or iron, and coUect in a separate layer between the 
rcdiiciHl metal and the sulphidi'S. . • * i,„ 

The physical characters of alloys, though they always retain the prominent cM- 
racters of metals, are in some respects very different from j^jose of the irietuls ey 
contain, and which render these latter useful in the arts. Thus the alloy consisting 
of copper with half its weight of zinc, is much harder than pure copp<T, and at tho 
same time sufficiently ductile (see Bnsss, ii. 47 (t 1 ho "®i 

ninth its weight of tin is much harder than copper is well calculated for ‘'““'■"b'- 
has sufficient tenacity for the construction of 

The alloy of copper with one-ninth its weight of aluminium is hard, tenHcjous, and 
man^bU (see Bm i. I6«). The alloy of copper with > ■'* 

weight of tin is very hard, and being highly sonorous .. 

alloy of copper with half its weight of tin is white, and caj«ble of reem >ng such a Ingh 
polish as to bo suitable for the reflectors of tc escones. (hcc V‘- 

The alloy of lead with one-fourth its weight of animiony is readily “ 

harder than lead, but not britllo like anlimony-bismuth or zinc, 
these characters for type-founding (see Ttpk-iietai,, i. 310 ; P' 
will bo found described under the heads of the several metals fbey contain. 

The chemical action of reagents upon alloys is sometimesvery ^ 

tien upon metals in the separate state ; thus platinum, when alloyed with " "f ‘‘T 

dissol?M by nitric acid, fcut is not affected by that acid »hen u„, kyed On the c^- 
frirv silver which in a separate state is readily dissolvnl by i itnc acid, i« not Uis 
solml by it when alloyed ^th gold in proportions much less than one-fourth of Um 

alloy by weight. . g , „i ; Au = ISO. 
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Analysit of AUoya, — The nnmher of metals which enter the composition of the 
T^ous alloys usei in the arts is not very considerable, and in most ordinary casus 
the following systematic mode 4f testing alloys will serve to afford indications of what 
metals they contain. 

The finely divided substance is covered with strong nitric acid in a glass fiask, and 
the reaction is assisted by the application of a gentle heat. 

I. No reaction takes place^ and 

A« The substance remains unaltered, indicating the probable absence of all metals 

but void and platinam. 

II. A reaction takes place^ red nitrous funves being evolved ; and in this case: 

8. Solution of the substance takes place without any residue being left, indicat- 
ing the absence of void (platinum ?), antimony and tin. 

1. The solution may contain all the other metals likely to be present in alloys, Ac. ; 

copper, lead, silver, bismutli, mercury, arsenic^ mine, nickel, cobalt, iron, 
aluminium. 

C. The solution is partial, and the residue is — 

2. Metallic^ or a black powder^ indicating the presence of void, platinum, and 
perhaps antimony and tin in small proportions. 

3. White, indicating the presence of antimony or tin, and perhaps void and 
platinum in small proportions. 

8. No solution takes place, indicating the absence of all metals but void, plati* 
num, antimony, tin, and perhaps silver and lead in small proportions. The 
residue may l)e — 

4. WUtc^ indicating the same as 3. 

The solution, 1, is in all cases to be treated in the same manner. When a residue 
remains undissolved, it is to be separated by decanting off the clear liquid, or by 
filtration after the excess of acid has been removed by boiling the liquid. The 
metals are then to be tested for in the clear solution. See Analysis, i. 216. 

When, on treatment with nitric acid, there is produced an insoluble residue, 3, it is 
to be collected upon a filter, washed, and tested for tin antimony, &c. (See i. 322.) 

When the substance is not acted upon by nitric acid, and when it is but partial)/ 
dissolved, the residue, 2, or the unaltered substance, is to bo treated with a mixture of 
three parts hydrochloric acid and wie part nitric acid. 

The result of this treatment may be either — 

6. Partial solution and the separation of a white insoluble powder, chloride of silver, 
or (less probable) chloride of lead. 

6. Complete solution. Both in this and the previous case, the metals belonging to 
this group A will bo dissolved, and the solution may contain void and platinum, 
which should be tested for in the usual manner. (See Analysis, i. 215, and Gold, 
ii. 928.) 

The chloride solution, 5 and 6, may also contain metals which are only partially 
dissolve<l by nitric acid when alloyed with gold or platinum. B. H. P. 

XliaTilXi8V80'r. Hnttenkunde, The art of extracting metals from 

the various minerals found in the earth, and of converting them into forms suitable for 
the purposes of the arts, which constitutes metallurgy lu its widest range, comprises 
a number of operations which are of a purelyTnechanical nature, and which do not 
come within the province of this work. But many of the most important operations of 
metallurgy involve processes which are ess^tially chemical, and it is to the considera- 
tion of the general principles upon which tliese operations depend, that attention will 
be directed in this article. Information on the mechanical sections of MetaDtti^ wfil 
be found in VreJs Dictionary of Arts, Manufactures, and Mines; articles Mbtallvaot, 
Mining, and Ores, Dressing of. 

The metals which are largely used in the arts, viz.: Iron, zinc, copper, lead, tin, 
antimony, bismnth, nickel, mercury, silver, gold, platinum, are, with the 
exception of the last two, ehiefiy found in the state of chemical combination with other 
rabstances, constituting a variety of minerals, among which those containing a suffi- 
ciently considerable amount of the several metals to admit of their being profitably ex- 
tracted, are called ores, when thej occur in sufficient abundance for metalluigicpurposes. 

The production of the alkali - and earth -metals, which is now carried on more 
extensively than it was, is a branch of industry appertaining rather to the chemical 
manufitciory than to metallurgy ; this is also the case with r^iard to the production of 
the compounds of eobalt, ehromium, and arsenic which are majmiuctiired from 
the oree of these metals. 
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The meUUie eoasipoiinds which are most fteqaent as ores are 

1. Oxides, Either simple, such as stannic oxi<le in tin-stone, ferric oxide in hiematite, 
or compound oxides, such as ferroso-ferric oxide in magnetic iron ore, and some salino 
compounds, as carbonates, and, in small quantity, silicates, sulphates, &c. 

2. Sulphides. Either simple, such as galena, blende, givy antimony; or compound 
sulphides, such as copper pyrites, zinkenite, miargyrke. 

3. Arsvnidis. Generally in small quantity, and mixed with otlier ores. 

These oorapoumls mrely occur in a separate state, but are more or less mixeil with 
other minerals in M'hich they are imbedded. Gang {Oamfue; ffanffart), constituting 
masses which are situated in more or loss horizontal or vertical positions relatively to 
the rocks they arc associated with, and are accordingly distinguished by the terms 
bed {Lager ; a mas), or lode {Gang ; fikm). 

The admixtures generally met with in ores are either minerals ctmtaining other 
metaU than that of the ore they are associated anth, or they arc minerals which do 
not contain any of the metals commonly used for technical purj>ost's, as for instnn<*o 
quartz, some one of the numerous mineral silicates, felspar, hornblende, mica, &<•. ; 
carbonates, calc-spar, bitter spar, limestone, &c. ; snlplmtes, heavy spar ; fluorides, &<*., 
and portions of the rocks adjoining the lode or bed. Sometimes these latter n<linixtures 
are useful in the operations by which the metals are extracted; sometimes they ivquira 
to be separated mochanically by various preliminary operations. (See Guns, Dukssino 
of: Ure*s Dictionary of Arts, Manufuctun s, and Mims^ iii. 312.) 

When the ores of a metal contain admixtures in small proportion of other metal- 
liferous minerals, the oj^erationsby which the metal is extracted are in some cases con- 
siderably modified, with the view of effecting a separation of the foreign metals; either 
on account of their value, as in the case of argfutifi rous l»*ad and copper ores, or because 
t»f their pnjudicial influence iqxm the (pialities of llio metal to bo obtained fram the 
ore. (See Coppku, ii. 32; Lead, iii. 604 tt s<a.) 

Tlie physical characters of the metals which it is tlic object of metallurirical opera- 
tions to obtain, render it necessary that in most cases they slionld bo melted before 
being used for practical purpises, and the <'hemical nature of their ores is such as to 
require tlw* influence of powerful chemical agencies to effect the .separation of tho 
metals from the sub.staiiees they arc combined with. For these reasons, the action of 
heat in augmenting the chemical activity of substances has been had recourse to in 
most of the metallurgic operations by which chemical chaugi*s are to be eftected in 
tlie ores or other materials oi>erated upon, and the extrarqion of metals from their 
ores has therefore Ijcen commonly termed smelti n g. lint there an^ other methods by 
which many metals may 1x3 extract'd, and by which certain of thorn are to some extent 
extracted fix>m tlieir ores without the aid of heat. Acconling to these methods, tha 
fires are first operated upon in such a manner ns to convert the metal tliey contain 
into u comjwund soluble in water, and from tho solution tho motal is separated 
either by the action of another metal ujpon the solution, or by galvanic action 
( Ki.fXJTRo-MKTALi.mioY, Urds Dictionary of Arts, MannfiU'turrs, and Mines, \\. 8K). 
The influence of elwiricity, however, is chiefly applied in the working of certain nietalM 
for particular purposes, as in electroplating, and has not yet been renderfsl 
available in tho extraction of tho ordinary inotais from their on^. Among the other 
methods of extracting metals from their ores in the wot way, tlio precipitation of 
(ii. 36) and the extraction of silver frrim its ores by means of sodium-chloride, 
after tiio silver in the on s has been converted into chloride (see Sii.VKit), as well ns the 
working of platinum and go!d ores by iiitro-liydrochlonc acid, are tho only inetho<is 
of this kind which are carried on to any extent. 

In metallurgic oj^erations, coinlucted, as is usually the case, in tlie dry way, or with- 
out the presence of water, and with the aid of a high temperature, there are two moth s 
in which chemical alterations are brought about in the ore or other materifils operated 
Mixm, viz. melting and roasting. In the one case tlie niatcriul is mixed Vith some 
sul/stance which decomposes it, when one or other of them is rendertsl liquid by 
heat. Thus, for example, galena and metallic iron melted together yield metallic lead 
and iron-sulphide. When galena is meltfsl with litliarge or Iml sulphate in suibilila 
proportions, there are produced metallic lead and sulphurous acid (wx* ante, p. 482). 

A similar reaction takes place when cupric sulphide and cupric oxide are melted 
together. (See Copper, \\.2^ctsrq.) ...... , 

In the other operation, viz, roasting, the ore, or other material, issiibjertwl to the 
joint action of heat and of a gaseous suljstaiice capable of producing a chemical alleni- 
tion calculated to facilitate a subsequent operation. Thus, for mst.ince, in copper 
amelting, the ore* consisting of sulphides, are rousted in contact with atmospheric air 
so as to convert them to a great extent into oxides, and in the sulsiequent melting 
operation the cuprous oxide is again converted into sulphide by reaction with the 
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iron-sulphide remaining unoxidised, and is thus separated from the ferric oxide 
produced in the roasting. In the smelting of lead also, the ^lena is first roasted in 
contact with atmospheric air, and is thus partially conrerted into oxide and sulphate, 
which, in the subsequent melting operation, react with the remaining sulphide as above 
indicated. 

In some cases the operation of melting is conducted with the view of effecting 
oxidation, as in the separation of antimony from gold, or of lead from gold and silver 
in cupellation (see ante^ p. 608 et seg.). Roasting also is sometimes conducted witli 
the object of effecting reduction, as in the conversion of metallic sulphates and arsenates 
into sulphides and arsenides by means of carburetted gases. But, as a general rule, 
the chief ultimate effect produced by roasting is oxidation, or some corresponding 
change ; while the ultimate effect produced by melting is most frequently reduction. 
These operations are in some way involved in the extraction of all metals from tj^eir 
ores ; a description of the general conditions under which they are conducted, and the 
general features of the chemical processes which take place under those conditions, will 
therefore exhibit the chief chemical principles of metallurgy. More detailed informa- 
tion will be found under the heads of the respective metals. 

Roasting of Ores and Metalluroic Products. 

Ores and intermediate products are roasted either in the state of coarse powder, or 
as huge lumps, according to their nature. The degree of heat applied is not in any 
case sufficient to cause fusion, or aggregation of the mass, and sometimes it is neces- 
sary to keep the material operated upon stirred about, so as to expose fresh surfaces to 
the action of the gas by which chemical alteration is effected. 

Roasting is conducted, sometimes in kilns, sometimes in reverberatory furnaces spe- 
cially constructed for the purpose, and sometimes the materials are merely piled up in 
heaps with alternate layers of fuel, which arc ignited and allowed to burn slowly until 
consumed. 

Oxidising roasting is always effected by means of a current of heated atmospheric 
air made to pass over the material at a suitable temperature. The chemical change pro- 
duced by roasting is either a more combination with oxygen, as in roasting magnetic 
iron ore, which is thus converted into ferric oxide; or it maybe attended with the 
separation, more or less complete, of some constituent of the material opemted u}K)n, 
as in roasting sulphide.*?, when a portion of the sulphur is converted into sulphurous 
acid and volatilised, while the metal is converted into oxide, and another portion of 
the sulphur is oxidised into sulphuric acid, which remains combined with the metallic 
oxide. 

The different metallic sulphides present very different characters under these condi- 
tions: thus — 

Iron-protosulphide is partially converted into ferrous sulphate: this at a higher 
degree of heat is decomposed into sulphurous acid, which is volatilised, and basic ferric 
sulphate, and ferrous oxide. At a still higher temperature the ba.sic sulphate ma}' be 
also decomposed, yielding at last ferric oxide. In operations on the large scale, l)ow- 
ever, it is very difficult to effect the entire separation of sulphur from iron-sulphide 
by roasting, even when the material is finely divided, the heat gradually applied, and 
the surface frequently changed by stirring meanwhile. 

Zinc-sulphide undergoes oxidation very sloyjly, yielding a mixture of sulphate and 
oxide, which at a higher tempeniture loses aulphuric acid, and may be eventually con- 
verted into pure oxide. This result, however, is more difficult to obtain than in the 
case of iron-sulphide; but tlie roasting of ziflf-sulphide is not so troublesome, inasmuch 
as it is less liable to undergo partial hision than iron-sulphide is. 

Copper-sulphide, when carefully roasted, is converted into a mixture of cuprous 
oxide and cupric sulphate. So long as sulphurous acid is being produced by the 
oxidation of sulphur, cupric oxide cannot be formed : for cupric oxide heated in con- 
tact with sulphurous acid is partially reduced, cuprou.s oxide and cupric sitlphate being 
produced ; but so soon as all the copper-sulphide has been converted into such a mix- 
ture, the cuprous oxide begins to be further oxidised. At a higher temperature, the 
cupric sulphate undergoes decomposition, sulphuric acid being more or less expelled. 
In the imperfect roiisting of copper-sulphide, which is generally effected when ores 
containing that subst:ince are operated upon on the large scale, the result is a mixture 
of cuprous oxide, cupric sulphate, copper-sulphide, and metallic copper. The latter 
appears to be produced in those places where the cuprous oxide is more highly heated, 
while surrounded by an atmosphere of sulphurous acid, than woidd be sufficient to 
reduce cupric oxide to cuprous oxide under the same condition. 

Lead-sulphide is difficult to roast, since it is very liable to aggregate together, 
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yt«ldiiig a mixture of lead>sulphate aud lead-oxide, ftom which th# aulphurio add 
cannot oe expelled, even when it is heated bo hi^h as to melt 

Bismuth-stdpkide is so fusible that it is very difficult to roast completely. 

Antimony-tritulphide is also very difficult to roast for the same reason. There is 
generally produced a mixture of trioxide, pentoxide, and sulphide of antimony. If the 
heat be high, a portion of the pentoxide is volatilis^. 

Arsatic-stilpkide and trisulpnide are decomposed by roasting, yielding arsenious and 
Bulphurous acids, both of which are volatilised. 

Mercurjp-wlpkide is converted by roasting into metallic mercury and sulphurous acid. 

G<dd-9ulpkide undergoes the same alteration by rousting. 

Silver-srUphide is entirely converted into metallic silver. But when it is roasted 
together with other sulphides, such as iron- or copper-sulphide, some silver-sulphate is 
always produced, which by increase of temperature is decomposi^l into metallic silver, 
sulphurous acid, and oxygen. 

Nickel-sulphide can be easily converted by roasting into a mixture of iiickcl-oxi<lo 
and peroxide, with only a small admixtur’i of unalteiVKl sulphide. So long a.s sul- 
phurous acid is generated abundantly, nickel-oxide only is produced, and this at’lcr- 
wards becomes jieroxidiscd. 

Cobalt-sulphide behaves iu a similar manner to nickel-sulphide, except that some 
cobalt-sulphate is always produced. 

In the roasting of sulphides, mod ification.s of the chemical changes are often effect od 
when reducing gases, such as carl)onic oxide or h^’drocarl>on8, are mixed with the at- 
mospheric air ; also, perhaps, when water vajwiur is present, as is almost always the 
case in this operation as conducted on the large scale. 

The precise chemical alterations which arsenides and phosphides undergo 
when subject (xl to oxidising roasting, are le.ss known than those of sjilphides; hut, as 
a general rule, arsenic is more difficult to separate than sulphur, and phosphorus can 
he separated only to a very small extent, on account of the stability of phosphoric acid 
at high teinperaturos. 

Volatilising roasting. The sulphides containing the largest proportions of sul- 
phur, such as iron-pyrites, &c., lose part of their sulphur by dirt'ct decomposition, in 
eonsequence of the mere action of heat. Hydrated compounds, enrhonafes, <fec., nro 
also decomposed in the same manner. But more generally the volatilisation of some 
constituent of the material roasted, is the result of previous chemical alteration, and 
its conversion into a volatile compound by the chemical action of the atmosphere in 
which the operation is conducted. 

Chloiidlslng roasting is effected by moans of nn atmosphere containing 
chlorine, hydrochloric acid, or chlorides. Silver ores are often subjected to this treat- 
ment, to convert the silver into chloride. At the sumo time, iron is jiartially volatilised 
us ferric chloride ; arsenic, antimony, zinc, tin, bismuth, mercury, elmirnium and sulphur 
are also volatilised as chlorides. 

Rednolng roasting. When iron ores are heat<*d in an atmosphere of reducing 
ga.ses, such as carbonic oxide or hydrocarbons, metallic iron is jinxluced; and in iron 
smelting this change always prcct*de8 the actual melting. When such ores cuntuiii zinc 
as well as iron, both metals are reduced, and the zinc is volatilised at a sufficiently 
high temperature. Under similar conditions arsenates and arsenih s yield a jiortion of 
their arsenic in the metallic state. This is also the case with antimonales, Icllurates, 
s«*lenate8, or sulphates. 


Melting of Metalllboical Products fob tiie Extraction and .Skparation 
OF Metals. 

Ores are rarely subjected to the operation of meeting without having previously 
undergone some other treatment, such as rousting, &c. This prelirninarv treatment is 
in some cases only the earliest stage of the melting operation, as in the smelting of 
iron ores, which, in the upper parts of the blast-furnace, are subjected to the action of 
heat and’reducing gases before sinking down to tlmt part of the funiace where fusion 
takes place. (See Iron, ante, pp. 3o7, 361.) But in such cases, the chemical nature of 
the processes involved in the roiisting and the melting is exactly the same as when 
these operations are conduct<*d separately. ... 

The chemical alterations which take place in the operation of melting sometmnw # 
result in the separation of a metal in the state of regulns, sometimes only 
in the partial separation of the substances combined with it, and the prsluetion of a 
matt (SfcfVt; or compound containing a larger pro|)Ortion of nurtal than the 

material operated uixin. (See Copper, ii. 23 it s<q,) These results are often due 
solely to the mutual action of the several constituents of the ore, which has undergous 
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treatmeht of roafitiiig, &c.; but iii most cases it is neceasaijr to add some 
SuWance by means of which the desired result may be produced The kind of sub- 
stance to be added will of course be determined by the nature of the material to be 
operated upon, and by the kind of chemical alteration to be effected. Thus in smelting 
antimony ore, consisting of the trisulphide, it is mixed with scraps of metallic iron, by 
reacting with which it yields metallic antimony and iron-sulphide. 

In aU cases it is essential that in the melting operation there should be not only a 
chemical alteration of the materials, but also a physical separation of the resulting 
products. It is not often that this can be effected by the volatilisation of some one or 
more of the products. More frequently they are all fixed, and in this wise they can be 
obtaiilli^ separate only when they differ in specific gravity, and are also incapable of 
mixing with each other while in the liquid state. It is tlierefore always necessar}% 
that in melting operations the whole of the materials should be rendered so liquid 
that such a separation may readily take place. The high sjiecific gravity of the metals 
which it is the object of the metallurgist to obtain, is favoiiral>le to their separation 
as regulus, from the other products of the melting operation. The sulphides of tlie^o 
metals are <dso sufficiently dense to separate readily in the state of matt from most of 
the other products of melting, though their specific gravity is less than that of the metals. 

With the object of facilitating the separation of the several products of the chemical 
action which takes place in melting operations, the ore or other material is generally 
mixed with some substance which has the capability of facilitating the liquefaction of 
tlie products formed, and their separation into distinct layers. Such an admixture 
add^ with the object of rendering some part of the material operated upon capable of 
being melted, or more readily fusible than it would be otherwise, is termed a flux 
{Zuiichldg ; fondant). 

In the first melting of ores consisting chiefly of metallic sulphides, the product 
obtained is not always the metal, even when the ore has been previously roasted. More 
frequently a matt or mixture of sulphides is obtained, and if any metal is reduced to 
the state of regulus, the matt forms a separate layer above it. In melting ores con- 
taining much antimony, arsenic, &c., together with other metals, a thiid layer is some- 
times formed, which separates between the regulus and the matt, and is called Spvisr. 

But ores very generally contain, besides the actual metalliferous portion, a variety of 
tilioeous or earthy admixtures, originating from the rocks and minerals with which 
they are naturally associated. These admixtures cannot be entirely separated by 
mechanical means, and since they are generally infusible or difficult to melt, they re- 
quire to be converted into compounds which are sufficiently fusible, and of less specific 
gravity when melted, than the other products to be obtained. The fluxes added with 
thi.s o^eet are generally either— 

Siliceous, such as qi^rtz, sandstone, &c., or 

Earthy, such as lime, limestone, clay, &c., according to the nature of the sub- 
stances to be separated ; by this means a fusible vitreous compound con.‘iisting of 
earthy silicates is formed, which is terme<l slag. Sometimes special fluxes are used, 
such as fluor-spar, alkaline salts, &c. (see p. 9o2). 

The addition of fluxes in the melting operation is also advantageous in facilitating 
the fusion of the material operated upon, and the separation of the sevend products 
formed. Moreover, the resulting slag, being of less specific gravity than the other 
products, collects above them, and thus furnishes a protection against the oxidising 
action of the furnace gases, which is often a further advantage. 

The melting operation is generally wnducted either in shaft furnaces, where 
the materials arc mixed with the fuel, or in rox^erberatory furnaces, where they 
qre heated in a separate chamber by means of the flame and gaseous pnKlucts of com- 
bustion. Sometimes crucibles are used in oiS«r to keep the materials entirely out of 
contact with the fuel. 

melting is generally effected, in the ca.se of metallic oxides, by tlie joint 
action of heat and the carbon, carbonic oxide, hydrocarbons or hydrogen contained in or 
resulting from the combustion of the fuel used in the operation. By reason of the un- 
equal degrees of chemical stability of the several metallic oxides, the temperatures at 
wfiich they are peduced by those substances differ considerably. The oxides of lead, 
antiihony, nickel, cobalt and copper are rctluced by carbon within the range 
heat ; while tliose of iron, manganese, chromium, tin, and zinc require more 
or less intense degrees of white heat. 

Tie mode in which reducing melting is conducted varies according a# the oxide is 
easily fusible or infusible at any temperature that can be attained in the operation. 
In the first case the material can be intimately mixed with carbon ; in the second case 
this cannot be effected, and the reduction is to a great extent due to the carbonic oxide 
leaulting from the oombuation of carbon with a scanty proportion of air. (See Ikok, 
p. 368 .) 
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Tbo 'reduction of metallic eulphidcs by melting is effected principally by 
metallic iron. Lead-sulphide melted with iron in equiralent pioportioiui 
metallic lead, and iron-sulphide. With two equivalents of iron, there are produced 
metallic lead and iron-sulphide containing metallic iron mechanically mixed. Zinc- 
sulphide is completely decomposed bv iron, but a very high toraprature is required. 
Cuprous sulphide is pwtly decomposed by melting it with metallic iron, and there are 
pn^uced a matt consisting of cuprous sulphide and iron-sulphide, and some metallic 
copper. The sulphides of copper and iron yield, on the contrary, a matt consisting of 
cuprous sulphide, iron-sulphiae and mtliUic iron. Lead-sulphide with two equivalents 
of copper yields a matt consisting of cuprous sulphide and metallic lead. Equal eejui- 
valents yield metallic lead and a in at t consisting of cuprous sulphide and lead-sulphide. 

Similar reactions take place between zinc-sulphide and copper. 

Lead-sulphide is entirtdy decomposed by melting with an excess of tin, but in equal 
e^ivalents it is only partly decomposed, and there are produced an alloy of tin and 
lead and a matt consisting of tin-sulphide and lead-sulphide. 

The metals of the alkalis exercise a much more energetic action upon metallic sul- 
phides when melted w'ith them, and though they cannot bo employed in ordinary 
metallurgical operations, a similar action may be produced to some extent by means of 
a mixture of the alkalis and cnrl)on (black flux). Thus, w'hen a metallic sulphide is 
melted with a sufficient quantity of alkaline earth or alkali mixed with carbon, the 
metal is reduced, since the sulphur comhinos with the alkali- or earth-metal, while the 
oxygen of the latter combines with carbon. When an alkali is used, more or less of the 
metallic sulphide generally remains undecomposed and dissolved in or combined with 
the alkaline sulphide. 

Oxldlsinir melting is practised with the object of separating one metal from 
another, or of separating sulphur from metallic sulphidi's by converting the sulphur, or 
the metal to be removed, into oxi<les, which may either he volatile as sulphurous acid, 
fusible as oxide of lead, or capable of being renJored fusible by conibination with cer- 
tain substances added as duxes. 

Atmospheric air is the oxidising agent most commonly employed ; but sometimes 
other substances are also used, which are capjibh* of yielding oxygen at a high tempe- 
rature, especially when in the liquid state atid in contact with the substances to be 
oxidised. Among these are lead-oxide and oxy-salts, cuj)ric sulphate, ferrous sulphate, 
basic ferrous silicate, nitrates, &c. 

The following examples Mill servo to illnsfrato the mode in which these oxidising 
agents are employed in the melting operation. 

Atmospheric air , — Compounds of gold or silver with antimony, arsenic, or sulphur, 
when melted in a sufficiently hoafed current of atmospheric air, are decomposed, and 
the metals are obtained in the pure state. 

When atmospheric air is passed over the surface of melted Wpper containing iron, 
cobalt, lead, antimony, arsenic, and sulphur, the three latter are volatilised as oxides, 
and a more or less liquid layer or scum collects upon the surface of the metal, consist- 
ing of ferric oxide, cobalt- and lead-oxides, antimonic oxide, and cuprous oxide, until 
the copper remains almost pure. The greater the quantity of lead in proportion to the 
other impurities, the more liquid is tho layer which collects on the surface; and the 
smaller it is, the thicker is this scum. In both rases tho scum must ho removed from 
time to time, so that a fresh metallic surface may bo exposed, and if it is not sufficiently 
liquid to be removed by the current of air, the edges of the convex surface of melted 
metal where it principally collects must be raked off. 

When alloys of gold or silver with lead or bismuth are exposed in a melted state to 
a current of air, the latter metals arc oxidised, and pure gold or silver remains, together 
with a slag of lead-oxide. A portion of the oxide is volatilised, and in the case of 
silver-alloys especially, a small quantity of thi.s metal is also volatilised. When small 
quantities of other metals, such as iron, cobalt, copper, &c., are present in such alloys, 
they are oxidised, and the oxides are dissolved by the oxide of leader bismbth. 

When a compound of arsenic, iron, cobalt, and nickel is melted in a current of air, 
so that the ferric oxide and cobalt-oxidf prodm tid may be disiwlved by melted l>omx, 
partly covering the surface of the melt€<l metal, arseniferous nickel may be obtained; 
but the whole of the arsenic cannot be separated, because, in proportion as it is sM>a- 
TSLted, the melting point of the remaining metal becomes higher, and it finally soHditlei* 

Lf ad-oxide,-— When hthurae is melted with easilyoxidisablemetals, they are oxidised 

the decomposition of the lead-oxide, a part of the lead-oxide is reducKl, and a slag 
consisting of bad-oxide and the oxide of the metal is produced ; but the perfect oxida- 
tion of metals possessing little affinity for oxygen cannot be effected in this way, with- 
out using a large excess of litharge. . , , , . , 

Metallic sulphides or arsenides melted with litharge, yield sulphurous and arsemous 
acid, which are volatilised, and alloys of the metals with lead. 

Von. IIL 3 P 
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>Bron-Bulphide melted with thirty parts by weight of litharge is entirely oxidised, 
ralpharoos acid being volatilised, while the iron remains probably in the state of ferroeo- 
ferric oxide combined with the excess of lead-oxide, forming a slag which collects over 
the reduced lead. With less lead-oxide the decomposition is incomplete, and a part of 
the iron-sulphide passes into the slag. 

The oxidation of cuprous sulphide in this way requires 25 pts. by weight of litharge^ 

The oxidation of copper p3rrites requires at least 30 pts. of^ litharge. When less is 
used, the copper-sulphide remaining undecomposed is not dissolved by the slag con- 
sisting of lead-oxide and cuprous oxide, but forms a matt with a portion of the 
metallic lead. 

Antimony- trisulphide is entirely decomposed by melting with about twenty-five 
times its weight of litharge, yielding antimonic acid and sulphurous acid. 

Tin-sulphide requires for perfect decomposition 30 pts. of litharge. 

Zinc-sulphide requires 25 pts. of litharge. ^ 

Bismuth-sulphide when melted with litharge yields sulphurous acid and an alloy of 
bismuth and lead, but no bismuth-oxide. 

Lead-sulphide is decomposed by melting it with about twice its weight of litharge, 
the whole of the lead being separated in the metallic state, while sulphurous acid is 
volatilised. When the lead-sulphide is in excess, it mixes with the metallic lead. 

Arsenic-trisulphide melted with from 50 to 60 pts. of litharge is completely oxidised, 
yielding sulphurous acid and arsenious acid. 

Other metallic oxides react with metallic sulphides in a similar manner to litharge, 
and, as a general rule, when a metallic sulphide is melted with a metallic oxide, the 
former is oxidised to a greater or less extent, and the relative quantity of the oxide 
produced depends upon, 1st, the relative quantity of oxide used, and 2nd, the relatively 
chlorous and basylous characters of the metals and of sulphur and oxygen. 

Lead'Carbonate acts in the same manner as lead-oxide upon metallic sulphides and 
oxides. 

Lead-silicate also acts in the same manner, but a much larger quantity is required to 
produce the same elfects as litharge. The slags produced in this case are double sili- 
cates containing both metals. 

Lead-sulphate is a still more powerful oxidising agent than litharge, since the de- 
composition of its sulphuric acid yields an additional quantity of oxygen. When it is 
melted with lead-sulphide in duo proportions, the products are only metallic lead 
and sulphurous acid. 

Cupric sulphate heated with metallic sulphides generally exercises an oxidising 
action like lead-sulphate. 

Copper-sulphide heated with cupric-sulphate is converted into copper, cuprous 
oxide, cupric oxide, basic cupric sulphate, &c., according to the proportions and tem- 
peratures. 8ilver-sulphide is also converted into sulphate in the same way ; but me- 
tallic silver may be separated by the action of cuprous oxide. 

Ferrous sulphate acts in a similar manner with metallic sulphides. 

Nitrates are too costly to be generally used in metallurgical operations, though they 
are the most powerful oxidising agents in melting operations. 

Basic ferrous silicate is one of the most important oxidising agents in metallurgical 
openitions. For instance, when iron containing carbon, silicium, sulphur, and other 
readily oxidable substances, is strongly heated with a melted basic ferrous silicate, half 
of the ferrous oxide is decomposed, and the oxygen thus elinainated combines with the 
above-named impurities of the iron, forming carbonic oxide, silica, and sulphurous acid. 

Solvent meltlns is practised chiefly with the object of separating certain parts of 
the materials operated upon in the extraction of metals. The substances used for 
this purpose are principal^ metallic oxides^' silica, alkaline and earthy salts, silicates, 
metals, and sulphides. - , i 

Metallic Ojr/rfes.— Easily fusible oxides, such as lead-oxide, &c., melted with other 
less fusible oxides, at sufficiently high temperatures, dissolve the latter to a greater or 
less extent, sometimes forming saline compounds. Certain sulphides are also dis- 
solved by lead-oxide and bismuth-oxide without decomposition, forming compounds 
termed oxysulphides. In metallurgical operations, it is only the solvent action of 
lead-oxide which is of special importance, and that chiefly in the purification of silver. 
(See p. 951.) 

Aj 9 a general rule, all oxides which are readily fusible, like bismuth or antimony 
oxides, may be mixed with lead-oxide in all proportions by fusion, but the less fusible 
oxides yield with lead-oxide difficultly fusible mixtures. 

Tin-sesquioxide dissolves in four parts by weight of lead-oxide, forming a viscid 
liquid ; with eight parts of lead-oxide it forma a very fusible mixture. 

Zinc-oxide dissolves in seven parts of lead-oxide, forming an ^jly fusible mass. 

Ferric oxide dissolves in four parts of lead -oxide, forming a viscid liquid. 
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Cuuious oxide with one and a half timiM ita weight of lead-oxide forma » ww 
liquid coniTOund, and is probably soluble to a still greater extent. 

Among the metallic sulphides, those of gold, silver, copper, &c., do not dissolve in 
melted lead*oxide (see above). All the other sulpliides are more or less dissolved 
by it. Antimoiw trisulphide appears to be especitilly soluble in lead-oxide. 

Metal^.—Le&d is the metal principally used as a solvent in certain melting opera- 
tions. It has the property, when melted with argentiferous and aurilerous sulphides 
in due proportion, and by sulSeiently intimate mixture, of dissolving out the silver 
and gold. This effect is due to the decomposition of the gold and silver sulphides 
by lead at a high temperature, in such a manner that tliese metals are eliminated 
whue lead-sulphide is formed, wliile, at the same time, there is scarcely any decom- 
position of iron-sulphide or copper-sulphide in the same way. The products of the 
melting are therefore argentiterous or auriferous h ad containing lead-sulphide, and 
a matt consisting of copper-sulpliide and iron-sulphide, tiold or silver may also be 
extracted from metallic copper by means of lead, hut in a less direct manner. Both 
the gold or silver and the cojiper are dis.solvtd by the melted lead ; but in the solidi- 
fication of thi.s mixture, the greater part of the lead separates, and there is produced a 
mechanical mixtun'i of lead containing gold or silver, and of an alloy consisting of 
lead with three times its weight of copper, containing much less ailver. When thia 
mechanical mixture is heated to the nitlting )x)int of lead, this metal may be sepa- 
rated, together with the gold and silver, while the copper-lead alh>y remains behind. 

Metallic sulphides, sucli as iron-sulphide, &c., may bo used in the same manner as 
metallic load for extracting gold or silver from ores or melallurgic products. Thus 
when silver ores containing lai-go admixture.s <*fgang, in the melting of which alone the 
greater part of the silver w-ould pass into the slag, are melted with iron-sulphides, the 
silver is dissolved as sulphide, and the ganguo forms a slag containing but lUtle silver. 

Silica is rarely used alono ns a solvent in the melting operation, silicates or 
earths being generally present, with which if forms compound silicates. Its action in 
such cases is therefor«^ indirect, and depends more upon the nature of the silicate 
produced. (See p. 964.) 

Earthy oxides, such as baryta, strontia, lime, magnesia, and alumina, respectively form 
with silica sparingly fu.sible or infu.wiiblo com{)onnds, according ns the ba.‘<ylouH charac- 
ter of the ?arth in relation to silica, is grt'nter or Ics.s, and according to the proportions 
of earth and silica. The fusible baryta-silicates contain from 30 to 70 per cent, 
silica; the others are infusible. St rontia-sili cates aremueh le.ss fusible; that containing 
56 per cent, silica forms a white opaque mass. Among the liine-silicafcs the limits of 
fusibility are between 25 per cent, and 47 percent, oflinu*. IMagnosin-silicates, and 
e8peciall}r alumina-silicates, are infusible, and soften only at. a full white heat. 

Metallic oxides form compounds wit h silica which present similar differences in fusi- 
bility, according to the greater or less basylous character of the oxide in relation to 
silica and the proportions in which they are combined. Thus ferrous silicates with from 
42 to 82 per cent, ferrous oxide, are easily fusible, while ferric silicates are infusible. 
Cuprous silicate i.s fusible only when it contains 70 per cent, cuprous oxide. Cupric 
silicates are probably infu.sible, but on account of their liability to undergo reduction, 
they cannot easily be produced. Zinc-silicates and tin-silicates are infusible. Lead- 
silicates containing from 54 to 88 per cent, of lead-oxido melt more or less easily. 
Bismuth-silicates are still more fusible. Antimony-silicates are sparingly fusible. 

Alkaline carftonates dissolve most metallic oxidc.s to some extent, the carbonic acid 
being also partly expelled at a red heat. With a sufficient excess of alkaline carbonate 
some of these compounds are easily fusildo (Bert hi or). Ferrous oxide melted with 
C pta, of potassium-carbonate yield.s a greenish crystalline mass. Ferric oxide appears 
to bo insoluble in melted alkaline carbonates. Tin-oxid(5 fuses rea<lily with 5 pts. by 
weight of potassium -carbon ate ; zinc-oxide is less soluble. Cuprous oxide and cupric 
oxide melt easily with 3 pts. of potassium-carbonate. lycad-oxide mixes in all propor- 
tions with melted alkaline cxirbonates. • 

Borax is a very efficient solvent in melting opiTalitjns, but is too costly to be much 
used in metallurgy. Baryta, lime, magnesia, and nlumiim are dissolved in considerable 
proportions by melted borax, forming more or less fusible vitreous masses (Berth ier). 
Silica and fire-clay melt together with l>orax at high temperatures. All the metallio 
oxides which are not reduced by heat alone, arc dissolved to a greater or less extent by 
melted borax. Ferrous oxide or ferroso-ferric oxide, melted with an equal weight of 
borax, forms a compact crystalline mass. Manganous oxide is dissolved in veiy consider- 
able amount by borax. Lead-oxide and borax melt together in all proportions. 

Fluor-spar is important as a solvent in melting operations, on account of its capa- 
bili^ of dissolving about half its weight of silica at a high temperature, without having 
any tendency to combine with or dissolve metallic oxides. Fiuor-spar is, therefore, a 
Very suitablo flux in the smelting of ores which are refractory on account of the silica they 

3 F 2 
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contain Fluor-spai* also dissolves sulphates which are infusible or diflicult to fiise alone, 
such as heavy spar, gypsum, &c. Thus with 4 pt. barium-sulphate, 4 pts. anhydrous 
calcium-sulphate, or 10 to 15 pts. lead-sulphate, fluor-spar forms vitreous masses which 

are tolerably fusible. . j ^ x i. 

Silicates . — The earthy and alkaline silicates in a melted state have the capability 
of dissolving metallic oxides in considerable proportions, forming when cooled the 
vitreous or stony masses generally called slags. In metallurgic operations it i® of 
importance that there should be a proper proportion between the silica and earthy 
bases ill the materials from which the slag is produced in melting, in order that its 
solvent action upon the metallic oxides present may be neither too great nor too little. 
The former might be the case if there were too much silica ; the latter if there were too 
little. Siliceous slags are generally of such composition that the ratio of the oxygen 
in the bases to that in the silica is approximativcly either as 1 : 3, 1 : 2, or 1 : 1. From 
the nature of the silicates generally and from the circumstances under which slags 
produced in metallurgical operations, it is of course rarely that they are definite 
chemical compounds. Slags may indeed contain definite compounds, but m almost all 
cases they are merely heterogeneous mixture.-i of such compounds with other adven- 
titious substances, and therefore the attempt to represent their composition by formulae 
is not only useless but deceptive. The utmost that can at prt'seiit be said with regard 
to the composition of slags is, that tliere are certain tolerably constant relations between 
the fusibility, &c. of slags and the ratio of the oxygen in the bases to that m the silica. 
The numerous analyses of slags from different metallurgic operations all afford evidence 
in favour of this view, and from among them the fdlowing selections will serve to re- 
present the general composition and limits of variation in slags. 



Blast furnace slags, from iron 
■melting. 

Sings from copper smelting. 

Lead slag. 

Names of Works. 

Creusot. 

Gesberg. 

Romas. 

Nafvequare 

Freiberg 

S,tla. 

Analyst. 

Guenyveau. 

Ongren. 

Sjogren. 

Johnson. 

Bred berg. 

Winckler. 

Bredberg. 

Silica . 

Alumina 

Ferric oxide 
Manganous oxide 
Ferrous oxide 
Lime . 

Magnesia • 

39-5 

18-0 

30 

trace 

35-6 

49 6 
16-0 

*30 

300 

68-6 

6*6 

2-8 

1*7 

9- 3 

10- 5 

611 

6*4 

2-6 

3-3 

19-8 

71 

31-4 

7*9 

66-2 

’ 4-6 

56-6 

9-4 

6-2 

200 

6-4 

51-4 

4-8 

34*1 

*7-6 

39-4 

6-2 

17-2 

17-8 

19-1 


96*1 

97-6 

89-5 

99*3 

99-0 

98-5 

97-9 

99-7 

Ratio of oxygen' 
in bases to oxy- ■ 
gen in silica 

1:1 

1:1*6 


1:2-5 

1:1 

1:2-6 

1:2-6 ' 

1:2 1 
1 


The solvent action of earthy silicates upon meramc oxiaes is especiauy servieeauiciu 
effecting the separation of the ferrous oxide, produced by the oxidising pasting of ores 
and certain products of metallurgic operations, such as copper-raatts, &c. ahus when 
a mixture of ferric oxide, cuprous oxide, and a silicate containing excess of sihca is 
subjected to reducing melting, the cuprous oxidy and the feme oxide we both reduced 
the former yielding metallic copper, and the latter ferrous oxide, which combine with 
the silicate, forming a fusible slag which adm^s of the metallic copper separating out and 
colloctine together in mass below it. Mangaideoxide, or cobalt-oxide, &c., would behave 
in the same manner as ferric oxide ; and any easily reducible oxide, m the same manner 

“sKtesXo ^ercise a solvent action upon the gangue mixed with ores. Thus for 
example, when an ore consisting of galena and gangue is melted, with addition of 
ferric oxide and suitable slags, the latter dissolve the gangue, the feme oxide is 
reduced to ferrous oxide, which reacts with the lead-sulphide, and oxidises a portion of 
the sulphur to sulphurous acid, which volatilises, while the meUUic iron produced at 
the same time, separates the lead from combination with the remaining sulphur and 
forms iron-sulphide. In this case aU the different reactions produced m melung 

***^Tgen^ rulV it°may be stated, that when mixtures of an onde with another 
<„,idewbl.h i. -ore^easUv redu^^^d 


\ is more easily reaucea, anu ui tsuivnito wsnoxasiaig » — - - 

riiica, are subjected to reducing melting, the least easily r^ncible oxide is dissolved 
by the silicate and forms slag, while the more easily reducible oxide yields m 


i metal. To 
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obtain this result, howevOT, it is necessary that the silicate should be piesent in suflU 
cient amount, and that its melting jH>int should be higher than the tempemtui^ at 
which the more ^ily reducible oxide is decomposed, and lower than that at which the 
less easily reducible oxide is decomposed. If there were a deficiency of silicate, the 
whole of the ferrous oxide would not be converted into slag, and a portion of it would 
be redujed to the metallic state. If the silicate melted before the cuprous oxide had 
been reduced, part of the latter would pass into the shig ; and if it did not melt till 
after ferrous oxide had been partly reduceil, thecopjwr would be mixed with iron. 

Slags should in general be more easily fusible, or at mo.st not lea.s fusible than the 
other products of the melting operation ; but the actual degree of fusibility will ^•ary 
considerably, accortiing to the temperature requisite in the operation. The following 
table contains a summary of the more imiwrtant results obtained by Plattner in his 
investigation of the fusibility of various silicates and slags : — 


Temperature of 
formation. 

Melting 

point. 

Silica. 

Baryta. 

I.iine. 

Mag. 

ne»la. 

.\Ui- 

mina. 

Forrou* 

oxide. 

Man- 

gan- 

OilR 

oxide 

Lead 

xide 

Ratio of 
t'Xvgen 
in bases 
to oxjr. 
g^n in 
silica. 

2200° C. 


29 1 

709 







1 : 21 

2100° 


376 

62-4 







1 : 3 

2150° 


620 


480 






1 : 2 

2100° 


61-8 


38 2 






1 : 3 

2250° 


69-8 



40-2 





1 : 2 

2200° 


690 



310 





1 : 2-8 

2400° 


64 3 




367 




1 : 2 

2400° 


730 




270 




1 : 3-2 

2100° 


48-6 

100 

41-4 






1 : 2 

2100° 


450 

200 

36 0 






1 : 2 

2050° 


540 

200 



260 




1 : 2 

2000° 


55-6 


25-8 

187 





1 : ' 

1918° 


40-6 


37*2 


22-3 

* 



1 : 1 

1950° 


67-5 


20 6 


16 0 




1 : 2 

1789° 


30-5 


. 



69 5 



1 : 1 

1832° 


470 



• * 


630 



1 : 2 

I r on blaiit furnAce tUg*. 











1876° 

1431° 

600 


300 


170 

30 



1 : 16 

Freiberg copper slag. 

1445° 

68*0 


22 0 

10 0 

6 0 

20 

20 


1 : 2 2 

1690° 

1331° 

480 


4 5 

1-6 

90 

370 



1 : 1 76 

1730° 

1360° 

500 

15 

3 0 

i 

00 

380 



1 : 2 

Freiberg loAd flag. 





1 






1460° 

1317° 

36*5 


40 

3*0 

8-6 

406 


76 

1: 1 26 

Freiberg copper flag. 











1«40® 

1346° 

32-7 




7*0 

60-3 



1 : 1 


The temperatures given as those at which these silicates were formed and melted refer 
to tlie melting points of platinum 2534° C., gold 1102° C., silver 1023° C., and lead 
334° C., adopted by Plattner as the standards of comparison in his experiments. 

The iluidity of slags differs very consideriibly, and it is often of great importance in 
practice. The mode in which they solidify also is of still greater imjKirianeo. Some 
are very liquid, but change at once by re<luction of temperature from the liquid to the 
solid state ; others are less liquid, and solidify gradually, passing through several stages 
of viscidity. 

The former always contjiiii a smaller proportion of silica than the latter,; and the 
characters of slags, while in the melt«'d state, and after solidification, often furnish 
the practised metallurgist with indications as to whether the materials he is operat* 
ing upon are duly proportioned or not. 

Slags are sometimes amorphous, sometimes crystalline. The former are often 
glassy ; the latter present an appearance resembling certain rocks, such as lava, and in 
composition they often approximate to augite, olivin, felspar, &c. 


Sublimation and Distillation. 

Volatilisable metals and metallic compounds are in some cases separated from 
their ore* by means of that character. Thus arsenious acid, arsenic sulphide, and cin- 
nabar are separated in this way from other substances with which they may be mixed or 
combined. The native compounds of iron with arsenic are decomposed by heat, 
jdelding metallic arsenic, which is volatilised, while a lower arsenide remaius. Arsenical 
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writes heated in a close vessel yields arsenic sulphide at first, and finaUy metallic 
arsenic, about half the sulphur and rather less of the arsenic remaini^ combined with 
the iron When mercury ores are heated with some substance capable of forming a 
fixed compound with any constituent of them which is capable of being volatilised in 
combination with the metal, metallic mercury distils off. Zinc-ca^onate, intimately 
mixed with carbon and exposed to a white heat, is decomposed after losing its car- 
bonic acid ; the carbonic-oxide produced by the partial combustion of the carbon reduces 
the zinc-oxide, and the metal is volatilised. 

Eliquation and Crystallisation. 

These operations are practised with the object of separating mixtures of substances 
which have different melting points, or which solidify at different temperatmes. 
Argentiferous lead is separated from a mixture of lead and copper containing silver 
(see p. 9d3), by heating it in such a manner that when the lead melts, it can flow a^ay 
from the alloy of copper and lead which remains solid. Silver is separated from 
argentiferous lead by crystallisation, since the alloy of lead with the largest proportion 
of silver does not solidify until the alloy of lead with the smallest proportion has 
separated in crystals. (See p. 604.) 


The metallurgical operations already treated of being all conducted with the aid of 
heat, involve the use of fuel as a source of heat; and it is therefore an object of great 
importance to apply it to this purpose in the most efficient and economical manner. 
The general principle by which the relative value of diffbrent kinds of fuel may be 
determined, and the conditions under whicli they may be rendered most efficacious, 
have been already considered. (See Fuel, ii. 718 et scq.) It now only remains to refer 
simply to the means of augmenting the efficacy of fuel beyond its natural capability, so 
far ns relates to the production of high temperatures by the application of heated air 
in the combustion of fuel. The advantage gained in this way dways involves the 
consumption of a proportionately larger amount of fuel according to the degree of 
temperature produced ; but since the metallurgic operations which require a very high 
temperature can be conducted much more rapidly in proportion as the temperature is 
increased, the saving of fuel effected by using a high temperature is referable to the 
larger quantity of material which can be worked within a given time, compared with 
what can bo worked within the same time at a lower tempemture. 

Whenever it is necessary to use fuel in such a manner that only a portion of its 
heating power is rendered effective, as in most of the operations connected with the 
manufacture of iron, a very great economy can be effected by using the waste gases for 
the purpose of heating the air with which the furnaces are fed, instead of allowing 
those gases to escape without .producing any useful effect. The heat thus communicated 
to the air with which the furnaces are fed has the effect of raising the temperature 
produced in those furnaces to a degree far higher than can bo produced by the mere 
combustion of the fuel used. This augmentation of temperature is of course propor- 
tionate to the increased temperature at which air is supplied to the furnaces, and since 
the production of a very high temperature is the essential condition by which economy 
of fuel is to be attained in the manufacture of iron, the means of insuring this object 
are of the highest importance. (See Iron, iii. 362 et scq., and Fuel, ii. 729.) 

In many metallurgic operations, the use of gaseous fuel obtained by burning coal, &c., 
80 as to convert it into carbonic oxide and hydrocarbon gases, is capable of being made a 
very valuable means of effecting ecoimmy in fuel, and at the same time of obtaining more 
advantageous results as regards the metals produced ; but as yet little progress lias been 
made in this direction compared with the c;jipabaities which exist for such a use of fuel 

The use of air containing a larger amountt)f oxygen than atmospheric air would also 
be a very efficient means of economising fuel, especially in operations requiring high 
temperatures or intensity rather than quantity of heat. Some attempts have lUwady 
been made to realise the advantages of such a practice, but they have not hitherto 
been attended with any such success in relation to the larger metallurgic operations as 
to require more than a passing mention. (See Fuel, ii. 725.) 

The metallurgic operations which are conducted without the aid of a lugh tempera- 
ture, and by the agency of water or other solvents, according to what is termed the 
wet way, are but few, viz. the extraction of platinum and silver, the separation of gold 
from silver, and to a less extent the extraction of copper from some of its ores. 

•Solution and Precipitation. 

By the first of these operations silver is extracted from its ores as sulph ate, or hj 
means of a solution of sodium-chloride, after the metal has been converted into chi o- 
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ride. Platinum is also extract^ from its ores by means of nitro>hydrochlonc acid» and 
silrer is separated from gold by treatment with nitro- hydrochloric acid, which dissolves 
only tlie latter motal ; or when the silver amounts to more than throe times as much as 
the gold, by means of nitric acid (see CboLD, ii. 925), which dissolves only the silver, 
this operation being termed parting. Copper is also extracted from poor ores by 
converting it into chloride or sulphate, and dissolving these salts out with water. (See 
Copper, ii. 36.) 

Another operation involving solution is the extraction of gold and silver fixim their 
ores by means of mercury, which is fn'quently practised umler tlio name of amalga- 
mation, since the solution of the metals by mercury depends upon the formation of 
an amalgam, which dissolves in excess of mercury. (See Gold, ii. 925, and Silveu.) 

Precipitation is practised for the separation of metals from the solutions obtained 
from ores as above mentioned. Thus copper is precipitated in the inotallic state by 
fteans of metallic iron, which decom{>oseH the cop^wr-cHunixMind lield in solution. This 
operation is termed ccmtniah’on. (See Copfkr, ii. 36.) Platinum is separattni fi*om 
solution as nmmouio-chloride, by precipitation with solution of sal-ammoniac; 
silver as chloride, by moans of solution with sail, or hydrochloric acid; and gold, in 
the metallic state, by means of ferrous sulphate. t^See Gold, ii. 925.) 

The various operation.s of metallurgy which arc conducted by means of electrolysis, 
such as electroplating, elcctrogilding, and elect rot y ping, depend upon the 
principles which have already be< n discu.ssed in general terms in the article Ei.ecthicitv 
(ii. 414 (t seq., and 437) : and more preei.se details will be found in V rc s Dictionary oj 
Art.^, Manufactures^ and Mines, article ElrotuO'Mktalli'uoy. 

The methods of manufacturing a I u m i n i u in, m a g« e n i u ni and sodium, &c., will b® 
found in tlie articles devoted to tho general chemistry of those metals. 11. 11. P. 

MBTAXiS, ATOMIC WBZOBT8 ABB OX.ASBZrZCATZOB Ol*. 
Group I. Monad metals. — Tho received at<»inic w»*ights of tlie non metallio 
monads, fluorine, chlorine, bromine, and iodine, or 19, 35-0, 80, and 127, are merely 
the relative weights of each of them whicli have the same ga.seous bulk ns flio unit of 
hydrogen. These four halogen elements, wliic.-h may lie considered as chlorous or olce- 
tro-negativo varieties of hydrogen, have the cliaract eristic property of rcjilacing 
hydrogf u and one another, in a great variety of compounds, by nn equivalent substitu- 
tion of volume for volume, atom for atom. The fluoride, chloride, bromide, and iodide 
of hydrogen are composed of equal volumes of halogen and hyilrogen united without 
condensation, one volume or atom of chlorine, for instance, uniting with one volume or 
atom of hydrogen, to form two volumes of hydnjehloric acid, IICl. These tw o volumes 
constitute tho molecule of hydrochloric acid, which is usually n'garded ns a chloro- 
derivative of the molecule of liydrogen, UlI, and taken as u convenient standard of 
comparison for two- volume molecules in general. 

The metals lithium, sodium, potassium, rubidium, coesium, and silver 
are correlative to the above halogen elomenlH, and acconlingly may be looked upon as 
basylous or electro-positive varieties of hydrogen. 'J'heir received atomic weights, 
namely, Li 7, Na 23, K 39, Rb 85, Cs 133, and Ag 108, express the relative quantities of 
each of them which can displace 1 part by weight of hydrogen to unite witli 35'5 parts 
by weight of chlorine. Now it is found by experiment that 7 parts of lithium, 23 
parts of sodium, 39 parts of pota.ssium, and 108 parts of silver have substantially the 
same specifle heat as one another; so that 7 parts of lithium and 108 parts of silver, 
for instance, absorb or evolve the same amount of lu.'at in undergoing the same 
increment or decrement of temperature. Tho sp<M?iflc heats of the atomic proportions 
of these four metals, and by analogy of rubidium and caesium also, are morofjver sub- 
stantially identical with the specific heats of tho atomic proportions of chlorine, 
bromine, and iodine, and maybe expressed with suflRciont accuracy for our nresont 
purpose by the number 6-2, in comparison with the specific beat of water taken as 
thestandwd of unity. Each of these metals unites with chlorine in but a single 
definite proportion, to form a cliloride expressible by tho general formula M'Cl, ae- 
rivablefrom the type IICl; and tho specific heats of these several chlorides and of 
the corresponding bromides and iodides, approximate to the number 12 4, giving a 
specific heat of 6-2 for each atom in the molecule. 

The chlorides of the monad metals, though more or Ic.ss volatile at high tempera- 
tares, are not sufficiently so to allow of their densities in tho vaporous state being 
ascertained by experiment. Their theoretical vapour-densities, howc?ver, are assumed 
to be the halves of their respective atomic weights, and their molecules are accordingly 
referred to the normal two-volume standard. One or two of these metals, more parti- 
cnlarly lithium and sodium, have been made to combine with tho organic radicles 
methyl and ethyl ; but the resulting meihides and cthides have not Ix cn obtained in 
an isolated conation, and have cot bad their vaponr-densities determined. 

The metals of this group have the common properly of forming sulphates which 
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combine with sulphate of aluminium to produce a highly characteristic class of 
hydrated double salts, cnrstallising in octah^rons, and known by the generic name of 
the a 1 u ms. They are also distinguished by their capability of forming acid and mixed 
sults'of Phasic acids, and incapability of forming basic and mixed ^ts of monobasic 
acids, properties, however, which appertain to silver in only a limited degree. The 
metals potassium, rubidium, and caesium form a definite sub-group, characterised by 
special properties. They are the most powerfully basylous or oxidisable of all the 
elements, and the intensity of their basylity increases in the order of their atomic 
weights. Their hydrates and sulphydrates are very soluble in water, forming power- 
fully caustic solutions. Their carbonates also are very deliquescent, soluble, and 
caustic compounds. Their chlorides are deliquescent and soluble, their sulphates 
sparingly soluble, and their platino-chlorides and acid-tartrates almost insoluble. 
Sodium is far loss basylous than potassium, and lithium than sodium. The inferior 
oxidisability of sodium is well shown by its want of action on a strong solution of 
caustic soda, and by the facility with which it is produced and manipulated in the 
operations of modern metallurgy. Its hydrate and sulphydrate resemble those of 
potassium, but its carbonate is efflorescent, very moderately soluble, and scarcely at all 
caustic ; while carbonate of lithium is almost insoluble, and the phosphate yet more so, 
like the carbonates and phosphates of the alkali-earth metals. Moreover, while car- 
bonate of potassium is perfectly fixed in the fire, carbonate of sodium loses a small 
proportion, and carbonate of lithium a considerable proportion of carbonic anhydride ; 
and again, the solution of chloride of lithium, though to a less degree than that of 
chloride of magnesium, is decomposed during evaporation, with loss of hydrochloric 
acid. Silver, although distinguis^d from most of the heavy metals by the perfect 
neutrality of its soluble salts, differs from the alkali-metals proper in its high specific 
IP’avity, its permanence in air, the insolubility of its chloride, &c., and in the 
indifference of its oxide and sulphide to the action of water. Nevertheless there seems 
to be a relationship between sodium and silver manifested by the isomorphism of theii 
anhydrous sulphates, and in other ways. Bearing in mind also the general rule that 
the specific gravities of allied metals increase in the order of their atomic weights, the 
superior specific gravity of sodium over that of potassium may be taken to»indicate its 
having a latent association with the heavy metals. The triad metals thallium and gold, in 
addition to their characteristic trichlorides, form protochlorides corresponding in their 
specific heats, insolubility, and general properties, to the above-mentioned proto- 
chloride of silver, whence the metals themselves may be regarded as being at the same 
time monatomic and triatoraic. 

Group II. — Dyad Metals; namely, glucinura, magnesium, calcium, stron- 
tium, barium, zinc, cadmium, and mercury. The metals of this class agree 
with those last considered in bhing more or less strongly basylous, but differ from 
them in a variety of other particulars. Of glucinum very little is really known, but its 
unascertained properties will be assumed to correspond generally with the known 
properties of magnesium. With the exception of mercury, which in addition to its 
normal chloride, or corrosive sublimate, forms an inferior chloride, or calomel, to be left 
out of consideration for the present, all the members of this group unite with chlorine 
in a single proportion only. With the atomic weights formerly accorded to those 
metals, their chlorides would bo represented as protochlorides by the general formula 
M'Cl corresponding to HCl ; but doubling their respective atomic weights as advo- 
cated more particularly by Wurtz and Cannizzaro, their chlorides must be repre- 
sented as dichlorides, by the general formula M"C1^ corresponding to OCl'h as shown 
below : 




HCl 

G 

4 5 

. 6?C1 

Mg 

12 

4 MqCl 

Ca 

20 

CaCi 

Sr 

43*75 

# SrCl 

Ba 

68*5 

^ J?aCl 

Zn 

32-5 

ZnCi 

Cd 

56 

CdCl 

Hg 

100 

%ci 


OCl* 


GCl* 

G 9 

MgCl* 

Mg 24 

CaCl* 

Ca 40 

SrCl* 

Sr 87- 

BhCI* 

Ba 137 

ZnCl* 

Zn 65 

CdCl* 

Cd 112 

HgCl* 

Hg200 


Several metals not belonging to this group form chlorides analogous to those above 
t>ibulated, just as the triad metals thallium and gold form protochlorides analogous to 
protochloride of silver. The disputed formulae of a few of them are appended for the 
sake of illustration : — 


Cu 3176 
Sn 69 
J% 103-5 


CuCl 

S»Cl 

PbCl 


CuCl* 

SnCi* 

PbCl* 


Cu 63 5 
Sn 118 
Pb 207 
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The general principles on which the determination of atomic weighta nrait lo^callf 
depend, were discuased very fully in a previous article (mds Atoxic Wbiohts), which il 
may be observed was necessarily written long before the date of its publication. It 
was therein stated, that although in the author’s opinion, the arguments in favour of 
doubling the atomic weights of the metals now under consideration, were not at that time 
sufficiently cogent to warrant the adoption of a hasty change in old established usages, 
yet that, the proposal being then of very recent introduction, it was not improbable thutin 
course of time the objections to which it was liable would be more or less satisfactorily ex- 
plained away, while further potential arguments might i^ssibly beadduetHl in its support. 
And this is what has since actually taken place ; for althougli the objections to the pro- 
posal cannot even now be regarded as altogether overcome, yet the arguments in its 
f.ivour propondenite so largely as to lojivo no doubt whatever about the ultimate 
necessity for its adoption. Before considering seruitiin the rejisons for and against 
file proposed doubling of the atomic weights of these metals, it may be observed 
at shirting, that, just >U3 there are monatomic, ilintomic, and triatomic chlorous 
elements, so slmuld wo expect to have monatomic, diaitomic, and triatomic basylous 
elements or metals. It would, moreover, bo extremely stnuige if while triad and tetrad 
metals are abundantly mot with, there should exist only om* or two well-known dyad 
metals. Again, Justus among chlorous olemont.s, the disiinclion between monutornic 
and triatomic atoms was recognised long before the distinction between monatomic and 
diatomic atoms, so is it .natural that among ba.sylou8 olemcnU also, the distinction 
between monatomic and diatomic metals now pri>[)os(ul for adoption, shouUl not bo 
established until long after the distinction between monad and triad metals had been 
all but universally acknowle<lged, 

a. Atomic Heat. — If we represent the chlorides tabulated above, as dichlorides, 
we find that the proportions of metal combined with two atoms of chlorine in their 
respective molecules have their specific heats expressed by the number G-2, just us have the 
several proportions of metal united with one atom of chlorine in undisputed protoclilorides, 
and tlie several protTortions of metal united with three atoms of chlorine in undisputed 
trichlorides. But if we continue to regard the chlorides in question us protochloridos, 
the proportions of metal contained in their respective molecules will have only half the 
specific heat of the proportions of metal contained in the molecules of undisputed proto- 
and trichlorides. In other wonls, with the doubled weights and formula?, the atoms 
of this group of metals will have the same 8p(‘cific heats, whereas with the old atomic 
weights th (7 will have only half the specific heats, of the atoms of chlorous dyads, 
such as sulphur and solcnium ; of chlorous and basylous monads, such as b^omin^ 
iodine, sodium, and silver ; and of chlorous and basylous triads, such as phosphorus, 
arsenic, thallium, and gold. Moreover the specific heats of their respective chlorides, 
&c,, wntten as diclilorid('s, will agree with the specific lioats of undisputed proto- and 
tricl)lorides in this particvdar, tliat, divided by the number of atoms in the molecule, 
they will all yield the con.^tant 6-2. Thus the ascertained speeiftc heat of corrosivo 
sublimato HgCl* (200 4 - 35-6 x 2) is 18-67, which dividid by 3, gives the quotient 6*22. 

Objection. — The argument from atomic heat is admitted to have great force; 
though haixlly sufficient to bo absolub ly d(?cisivo of the question, inasmuch as the ato- 
mic heats of iho non-metals, boron, carljon, and silicon, are not under any circumstances 
more than half as great as the atomic heats of their metallic congeners. It being 
therefore impossible to accord the wime specific heats to the atoms of all the elomonts, it 
is quite conceivable that the atomic beat of certain metals should diflTor from the 
atomic heat of the remainder, that magnesium and mercury, for instance, *nouW 



heat of its constituent atoms, 6’2 + 6 *2 — 12 '4. ^ 

B Molecular Volum e. — Mercuric chloride and memine etniae, repreBente<l 
Mladic by the fonnul® HgCl> end HgEf reepectivriy. We the eame molecular 
Tolume aa the corresponding monadic compounds, hydne cHondo HCl, and hyitac 
ethide HEh respectiveV, and as the corresponding tnadio oompoWlds, aroemc ch onds 
AsCl* and arsenic ethide AsEt» respectively. Tbo gaseous volumes of sinc-chlonde 
and stannous chloride have not been ascertained, but the gweous volumes of their 
corresponding ethides and methides agree «th the cth.de and methide of mercury, m 
the^msUnce of their respective vsTCur-densities being the halves of their atomio 
welghtsp when they are represented as dyadic compounds, thus : 

a volt. » 

Hg-Cl* As-Cl* 


7 volt. 

HCl 

HEt 

EtCl 


Hg'TO 

Zn'Et* 

Sn'Tt* 


As'Et* 

irci» 

B-T2t» 
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In other words, the volatile chlorides and ethides of these metals, if represented as 
dyadic, will have the same molecular volume, whereas if represented as monadic they 
will have only half the molecular volume of undisputed protochlorides and trichlorides, 
protethidos and triethides, &c. 

Objection. — The above argument from molecular volume is considered to have 
rather less weight than that from atomic heat : for by according to chloride of mercury 
and its congeners the formulae which bring their molecular volumes into accordance 
with the molecular volumes of chloride of hydrogen, chloride of oxygen, &c., we are 
forced to accord to the metals themselves, molecular volumes which are discordant 
with the molecular volumes of the elements, hydrogen and oxygen, &c., thus : 


2 volfl. 

2 ToU. 



HCl 

H*0" 

CPHg" 1 

1 

HEt 

ETO" 

Et^Hg" 

I* 2 vols. 

EtCl 

■ CPS" 

EPCd" J 

1 

HH 

00 

HgHg 1 

1 

ClCl 

ss 

CdCd 

[ 4 vols. 

BrBr 

SeSe 

ZnZn J 

1 


In other words, the proportions of mercury, of cadmium, and by analogy of zinc, 
which combine with two atoms of chlorine, or ethyl, or methyl, have double the 
gaseous volume of the proportion of hydrogen which combines with one atom of 
chlorine, or ethyl, or methyl, and consequently double the volume of the proportions 
of oxygen and sulphur respectively which combine with two atoms, and of the 
proportion of nitrogen which combines with three* atoms of chlorine, or ethyl, or 
methyl. But just as the diatomic chlorous elements, oxygen and sulphur, have the 
same gaseous volume as, and not double the volume of, the monatomic chlorous 
elements, chlorine and bromine, so should we expect the diatomic basylous elements, 
mercury and cadmium, to have the same volume as, and not double the volume of, 
the monatomic basylous metjillo'id, hydrogen. This objection has been partly met 
by comparing the molecules of mercury, cadmium, &c., not with the molecules of free 
oxygen, free sulphur, &c., which are divisible in the act of combination, but with the 
molecules of the diatomic compound radicles carbonic oxide, sulphurous anhydride, 
ethylene, &c., which are indivisible; thus: — 


2 vols. 

2 volt. 

2 vols. 


Hg" 

0"CP 

CP 

Cd" 

S"CP 

0» 

(cor 

Hg”CP 

s» 

(S0»)" 

Cd''CP 

sV 


(CO)"CP 

N* 

(C«H«)" 

(C2H<)"CP 


Whatever value may be accorded to this explanation, however, the experimental 
discordance undoubtedly remains, that the atomic proportions of the dyadic basyloids 
mercury and cadmium, have double the volume of the dyadic chloroids oxygen and 
sulphur. 

y. Double Salts. — The characteristic p^lopcrty of a dyad element is its capabi- 
lity, when united with one and the same-Mtionatomic radicle, of parting with that 
radicle by two successive substitutions, an^ of thereby uniting with two distinct 
monatomic radicles. Now this property of combining with two different radicles is 
certainly very well exemplified by the class of metals we are at present considering, 
as shown in the list of compo^ds tabulated below, which might be laigely extendi: 


(%C1)* . . 

^oCl.ATaEt 

i^foEt.^Mo? 
U^t,Znl . 
CaChCaClO . 
5rN0*.5rC*H’0* 
J?aN0».R«C’H='0» 
C^HO.(7ttF 
PbnO.Pk^O^ . 
PbVLOMCm^O^ 


Mercury, dichloride 
„ chlor-ethide 

„ diethide . 

„ etho-methide . 

Zinc iodo-ethide 
Bleaching powder . 
Strontium acetato-nitrate , 
Barium acetato-nitrate . 
Copper, fluo-hydrate 
Ijead, hydnito-nitrate 
„ hydrato -acetate 


Hg"Cl* 

Hg'ClEt 

Hg"Et« 

Hg "EtMe ? 

Zn"Ea 

CaTBO* 

Sr''.N0».C*H*0» 

Ba".N0».C*H*0» 

Cff'.HO.F 

Pb".HO.NO» 

Pb''.H0.C*H>0» 
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The greater number of these double compounds pouess a moderate d^rea sta- 
bility, while some of them, as the double halogen ethides and methide^ are among 
the most definite and stable of metallic salta. The relation of the organic compounds ^ 
of mercury and arsenic to one another is evidently parallel to that ot alcohol and 
ether to the ethylamines, as shown below : 


Triads. 

H*N C1*A8 

EtH*N EtCPAs 

Et*HN Et’ClAs 

Et«N Et*As 


Dyads. 

H«0 Cl*Hg 

EtHO EtClHg 

Et»0 Et«Hg 


Monads. 

HCl ClNa 
EtCl EtNa 


Again, just as in alcohol, the basylous radicles, hydrogen and ethyl, are hold together 
•by diatomic oxygen, so in the hy«lrato-nitrate of lead, the two chlorous radicles are 
held together by diatomic lead (Williamson, Chem. Soc. J. xvii. 211). Accoixlingly, 
if in alcohol wo replace diatomic oxygen by monatomic chlorine, we got two distinct 
chlorides, thus : 

PC1*CP + IIEtO" « PCPO" + IICl EtCl. 

And similarly, if in our lead-salt wo replace diatomic lead by monatomic silver, wo 
get two distinct argentides, thus : 

SO«Ag* + HO.NO*Pb" ^ SO^Pb" -f IlOAg + NO*Ag. 

Objections.— The force of this argument is much diiniiUHlied by remembering 
that certain undoubted monatomic elements and groupings liave the property, tlmugh 
to a limited extent, of combining with two distinct monatomic radicles. Olilor-elliide 
of mercury, for instance, Hg'EtCl, may bo written (Hg'‘‘)Et(Jl, and commred with 
iodo-nitrate of silver, (Ag^lI.NO*, argento-chloride of sodium, (CP)AgNa, hydro- 
fluoride of potassium, (P)HK, hydro-acetate of potassium, (2C*11*0“)11K, and many 
similar compounds, in which we have the monatomic elements silver, chlorine, fluorine, 
as well as monobasic acetic acid, &c., combined with two different monatomic rwlicles, 
Hltho’’gh, indeed, the stability of those compounds, save and except some of the hydro- 
lluorides, is of a very feeble character. Moreover, in contrasting the properties of 
monatomic ethyl and diatomic ethylene, and comparing the undisputed monad metals 
with the former, and the metals under discussion with the latter, there is one point, nt 
any rate, of some importance in wliieh the comparison docs not liold good. 1 he 
liydrogen of a dibasic acid is found to be replaceable ly two diffenmt monatomio 
radicles, and by the same radicle at two successive stages, whereas it, is replaceable by 
a single diatomic radicle only, and that nt a single operation. Ihus the diatomic 
radicle ethylene may be substituted for the hydrogen of oxalic acid to form oxalate of 
pthyiene (C*HM"C''OV which is the only derived oxalate of ethylene hitherto anoMm ; 
but with the monatomic radicle ethyl we have acid 

neutral oxalate of ethyl. (C^IP)^C^OS potassic oxalate of ethyl. KC*0\ Ac. In 

other words, the monatomic radicle ethyl does, and the diatomic radicle cth^eno docs 
not form acid and double ethers or salts of dibasic aeids ; and a similar difTcrence of 
behaviour is manifested by monatomic and diatomic chlormi.s radicles, such as acetyl 
((TWOV and oxalyl (C*O0"f ^^i^'*** relation to a diacid base such as glycol, riow 

there certainly doL not seem to be any deci<lcd difference in p«riicnlar between 
the two groups of metals. One memlK r, at any rate, of the first group namely, 
silver-does not or scarcely does, while several of the memhers of the second group 
very readily do, form well-defined aci<l and double salts, as cxempliflwl by the acid 
o^ate o/barium, BaHC^O*, potassio-oxalato of zinc, acid carbonate of 

ainm ^/iTTPO* ffav-lussitc, 6^nNa(-0*, /hdornitc, MqCdiA)*, acid sulphate of 
!rinc”znHsb\ glauberito, 6ViNaSO«, »u-i<l selenite of calcium, 6V/lISeO*. &e. Ac. Buch 
as the Hulphovinat<w of calcium and barium cannot properly bo a<lduccd in illus- 
tration because, although for some purposes, sulphovinic acid may be regarded m a 
double sulphate of ethyl and hydrogen, compamble with acid sulplmte of |>otassium, 
vet it is in reality a conjugatecl compound analogous to the sulidiamic and sulpho- 
phenic adds, for instance, and consequently as much monobasic as the formic, acetic, 

**"lt”^Lt^'bowev™. be contended in any way that the property of foming acid and 
double salts with dibasic acids is incompatible with the chara/rtcr of the 

metals forming them; for, indeed, there is no sufficient reason why atom of a dya«i 
met^should not bind together two atoms of dibasic sulphuric acid, for instance, jmd 
as we believe the diatomic radicle sulphuryl binds together two atoms of dihydno 
water, thus : — 
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The utmost that can be said is, that the difference of properties exhibited by ethylene 
and ethyl in their behaviour with dibasic acids, is not paralleled by a corresponding 
difference of properties manifested under similar circumstances by members of the two 

groups of metals, , 

d. Basic salts.— A well-marked distinction between monatomic and polyatomic 
radicles, which has been pointed out more especially by Wurtz, results from the 
special tendency which the oxides of polyatomic, and particularly diatomic radicles 
have, to produce basic and anhydro-salts ; or, as Wurtz expresses it, from the power 
which they have of accumulating in combination, and of thereby forming compounds • 
containing multiple radicles, and belonging to types of greater and greater complexity. 
Thus we are acquainted with potassic monochromate, K'‘*0(CrO* 0), potassic anhydro- 
dichromate, K*0(Cr0*.0)*, and potassic anhydro-trichromate, K-0(Cr0l0)‘. Again, 
we have monethylenic glycol, (C“H^0).H20, diethylenic glycol, (C2H^0)*.H20, tri- 
ethylenic glycol, (C^H^.0)*.H*0, and tetrethylenic glycol, (C’^H^O)MPO, &c. This 
distinction, unlike those hitherto considered, is simply a matter of observation. We 
observe that diatomic oxides do, and monatomic oxides do not, as a geneml rule, 
accumulate in the manner above exemplified ; but we see no reason why such a 
difference of behaviour should result from the different atomicities of the radicles. 
On this account therefore, that it is based on a difference of behaviour not directly 
deducible from difference of constitution, we can scarcely attach so much importance 
to this last distinction as to those which have been previously discussed. At the same 
time, the different habit of monatomic and diatomic radicles in this particular is very 
well marked. We are acquainted, for instance, with super-basic hydrates, chlorides, 
and acetates of ethylene, but with no super-basic hydrates, chlorides, or acetates of ethyl. 
The question consequently arises, whether a similar difference subsists between the al- 
leged diatomic and the undisputed monatomic metals ; and the answer, that sudi a differ- 
ence does exist, is certainly, so far as it goes, in favour of the diatomicity of the metals 
now under consideration. Thus we can parallel some of the basic hydrates, chloride.^, 
acetates, &c. of ethylene by similar compounds of calcium, magnesium, zinc, lead, 
copper, &c., but not by any compounds of the undoubtedly monad metals. We havf-. 
for example, Schaffner’s hydrate of lead, H^O(PbO)^ ; Payon’s hydrate of lead, 
H*0(Pb0)‘; Mendipite, PbCP.(PbO)* ; Atacamite, CuCP(CuO)*; Schindler’s oxychlo- 
ride of zinc, ZnCP(ZnO)*.2IPO; Rose’s oxychloride of calcium, CaCP(CaO)’.16lPO ; hy- 
dromagnesite, (MgC0*.H^0)*.MgH20*; dibasic acetate of copper, C^Il*‘Cu0‘.Cu().3H*0; 
dibasic acetate of lo€ad,C^H‘'PbO‘.Pb0.3H*0 ; tribasic acetate of copper, C^H®CuO\CuO)*; 
tribasic acetate of lead, C^H*Pb0\Pb0)*.3II‘0 ; Mitscherlich’s dibasic nitrate of mer- 
cury, HgN’'0'’.Hg0.2H'^0, &c. &c. This is perhaps a suitable place for referring to an 
observation of Wurtz, to the effect that, by representing the metals of this group as 
diatomic, we are able to .express the simple molecules of their several salU, with entire 
instead of with half atoms of water of crystallisation, as illustrated by the following 
among many other examples : acetate of copper. C*H*CuO‘.H^O ; acetate of lead, 

C H*Pb0*.3H‘’0 ; perchlorate of lead, PbCl*0“.3H*0 ; nitrate of copper, CuN*0*.3H^0 ; 
chloride of nickel, NiCl*.9H*0, &c. 

Objections. — It is contended that the property of accumulating in combina- 
tion is not necessarily but only accidentally iteociated with polyatomicity, and 
that, just as the acetic and iodic anhyd^des^ form anhydroWts, such as 
( C*H*K0*)*.C*H*0* and KI0M*0*, without -prejudice to their monatomicity, so 
may the plumbic and cupric base-oxides form basic salts without prejudice to their 
monatomicity. From several considerations, however, the existence of a diacetic 
acid and a trihydric iodic acid, H*IO*, seems not improbable; and if so, the 

anhydro-acetates and anhydro-iodates may be associated in reality with the polybasic 
forms of their respective acids. As for the argument from water of hydration, taken 
by itself, it certainly cannot lay claim to any great weight, since there is no more 
obvious reason why one atom of water should not combine with two atoms of sah, 
H*0 with (C^H*CuO^)* for instance, than there is why one atom of salt should be able 
to combine with two or three atoms of water. 

But although the arguments in favour of regarding zinoo-calcic group of metals 
as dyadic, when taken separately, are open to the objections above pointed out, yet 
taken altogether, they seem to present so great a preponderance of evidence in support 
of the proposal, as to render its adoption ^most a matter of necessity. Accepting this 
conclusion, then, as inevitable, and according to the above metals the doubles of their 
previously received atomic weights, ws are at once struck by the very obvious paral- 
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lelism flubiiatiig between them and the already oonaidered nomad inalal% •• ahdvn 
below : — 

Li' 7 G" 9 

Na' 23 Mg'* 24 

— Zii" 65 

Ag’ 108 Cd" 112 

Hg ' 200 

The metals of the alkaline-oartli sub-group, namely, calcium, stiontium, and barium, 
are scarcely less basylous or oxydisable than those of the alkalis, and the degree of 
tlioir basylity also increases in the order of llieir atomic weights. Their hydrates and 
sulphydAtes, like those of the alkali-metals, are soluble in water, forming caustic 
solutions which absorb airbonic anhydride with great avidity, to form, however, inso- 
iuble carbonates; and their sulphates arc likewise insoluble. Among the members of 
the other sub-group, the man i test jU ion of metallic properties, as popularly uiulorsUiod, 
rather than of basylous characters, increases in the order of their atomic weights ; and 
accordingly we may regaiti the upper members of each sub-group as exhibiting a very 
general lorm, and the lower members as exhibiting highly specialised forms of the 
metallic character, and may figure Uio diHerenco to ourselves in some such diagram us 
the following : — 

Glucinum 

Magnesium 
Zinc 


Cadmium 


Mercury 


Calcium 

Strontium 
liarium 


K' 89 Ca** 40 

Kb’ 85 Sr" 87 5 

tv Ba" 137 


The metals of tlie less ba.sylous or more rogulino suli-group are distinguishwl by 
their volatility, which incrwiscs in the order of their several atomic weights, Th« 
hydrates of these metals are insoluble in water, and only those of glucinum and mag- 
nesium manifest much amiiity for carbonic anhydride. The sulphides of zinc, cadmium, 
and mercury are insoluble permanent precipitaU-s, while that of magnesium also 
appears to bo insoluble in, though readily deeomposible by water. Tlieir sulphates, 
unlike those of the more basylous dymls, are all soluble in water, with the exception 
of sulphate of mercury, which is decomposed ihexvby into sulphuric acid and a basic 
salt. In many ix.iuts* of its belniviour. magnesium presents a general resemblaueo to 
calcium, and w'as at one time classified with the alkaline-earth metals. 

In addition to corrosive sublimate, HgCl*, mercury forms an inferior clilondo, or 
calomel, whose molecule may bo ropreseiitod by the formula HgCl, corresponding U) 
that of proto-chloride of silver, AgCl, or by th»* formula Ilg^ClS corresponding to t hat 
subchloridc of sulphur S^Cl^ ; ami th<> selecti.m of one or Ollier Of t hese expreshioiis will 
of course determine the entire series of formula* to be accorded U) the entire series of 
mercurous salts. The formula llgCI. by which calomel is represented as a proto- 
chloride of mercurosum, is re.-ommemled by its superior simplicity, by he ready 
susceptibility of mercunms salts d.mble <lec,,i,,p)H,t.ion with.mt changes of b' jHN by 
the resemblance of calomel to Uie insoluble monad chloriduH of silver.^gold, 
bvthe determination of it>i vapour-density, which is found to be - ^ « 117 7 U 

s,; that two volumes of calomel vapour, HgCl, contain one volume of ^ 

volumes of hydrochloric acid, HCI. contivin one volume oi chlorine. On the olln r hand, 
Uic fomula is n^commendc-d by its consmtoricy with the law of even numbers, 

which declare! that a dyad element can never unite with an uneven numlier of 
monad atoms and with the frequent sixmtanwus decomposition of mercurous salts int^ 

■ I. * An.1 m.n.iirv HkCI* + ac. Moreover, tho cxiftl*nce of sevenil 

mercuric salt. memuj, * „«,„u.tion of normal mercuro... com- 

Tilichloridf of sulphur, a* revealed by •J'®. 


(S*Cl**Tvol8., while Hg’Cl^ = 4 vol9.),mav bo explained by supfKsnng that the vapour 
c 1 I ririViiai nf miinv other salts undergoes what is known as dihSf>ciation (i. 469; 
8 flTfnti tto and two volun.ea of mercury 

liff This supposition is to some extent warranted by the obsorvatiori that calomel 
v^Lur amalgTSTtes gold leaf, and that comisivu subiim .te may be detecttsl in re- 
* sublimed calomel (Chem. Hoc J. xvii. 421). 
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Geoxjp hi. Triad Metals.— Classifying the metals according to their maximum 
atomicities, there are four triad metals properly so called, namely, aluminium 
thallium, indium, and gold ; for the trichlorides of arsenic, antimony, and bismuth 
must be regarded as the inferior chlorides of pentad, just as the protochlorides of thallium 
and gold are the inferior chlorides of triad elements. The formula for thallic chloride, 
TlCl^, and the atomic weight for thallium, 203, have not at any time been disputed! 
Auric chloride was formerly represented as a sesquichloride by the formula Au^Cl*, the 
atomic weight of gold being taken as 98 ; but it is now always represented as a tri- 
chloride by the formula AuCl*, the atomic weight of the metal being fixed at 196. 
The old sesquiatomic formula for aluminic chloride, APCl*, in accordance with which 
the atomic weight of aluminium was taken as 13*75, cannot now be defended on any 
rational grounds. It is admitted on all hands that the smallest proportion of 
aluminium found to exist in any definite compound is 27*5 parts, and that this 
proportion is indivisible or atomic throughout all the reactions which aluminic com-* 
pounds undergo. Evidently, therefore, it ought to be represented as indivisible or 
atomic by the symbol Al'", and not as dipartite by the symbol AP. Regarded as 
triadic, with the atomic weights 27*5, 203, and 196*5 respectively, it is found that 
the specific heats of the atoms of aluminium, thallium and gold approximate to the 
number 6*2, and are accordingly identical with the specific heats of the atoms of 
monad metals, such as sodium and silver, of dyad metals such as mjignesium and 
mercury, of tetrad metals such as tin and lead, .and of pentad metals such as arsenic 
and antimony, &c. The trichlorides of thallium and gold are decomposed by heat, 
with evolution of chlorine; but aluminic chloride volatilises unchanged, and its vapour- 
density has been found by Deville to accord, not with the molecular formula AuCP, 
but with the more complex expression A PCI*. But from experiments by Mr. Bucktx)n an<l 
the author of this article, it appears th.at the vapour-densities of aluminic methyl 
and ethyl accord unmistakeably wdth the molecular formuhc AlMe* and AlEt/‘ 
respectively. Aluminium-methyl certainly is, and aluminic chloride not improbjibly 
may be, a body of the siimo class as formic acid, acetic acid, boric methido, sulphur, 
selenium, &c., whose vapours require to bo heated very far above the boiling points 
of the several liquids before acquiring their normal molecular volumes. Thus, at, 
220*^ and all superior temperatures, the corrected vapour-density of aluminium- 
methyl is perfectly constant, and .accords with the formula AlMe* ; but below 220^ 
its corrected density increases at a very rapid rate, so as to become nearly doubled at 
130°, which high density would of course accord approximatively with the formula 
APMo*. Bearing in mind, however, the rule doducihJo from the separate experiments 
of Deville and C.ihours, that the molecular formul.a of a body is to be calculated from 
its permanent or ultimate, and not from its vari.able or initial vapour-density, and 
having reg.ardalso to the ascort^iinod behaviour of the vapour of aluminic methido, the 
only observed vapour-density of aluminic chloride cannot, in the author’s opinion, bo 
regarded as alfording decisive evidence in favour of the formula APCl*. If this 
latter formula were established, aluminium would have to bo regarded as a tetr.ad, and 

AlCP, 

its chloride would bo represented by the constitutional formula | the two quadri- 

AlCP 

valent atoms of aluminium forming a sexvalent group like the two atoms of carl>on 
in the molecule of hydride of ethyl C*H*. On the same supposition the alums 
would be represented by such formulae as K*(AB)»‘(SO*)< derived from 4H*S0‘, 
whereas if aluminium be rogjirded as trivalent, they will be represented by simple 
formulae like KAr"(SO*)'^ derivetl from 2H*S0*/» But there is nothing in the com- 
position or the chemical character of these sahi, or indeed of any other aluminiiun 
compounds, to enable us to decide positivetj^no way or the other. The ti-iadii 
character of aluminium receives, however, some support from the circumstance that, 
certain aluminic compounds present a marked resemblance in composition and 
properties to similar undoubted triatomic compounds of ^other elements, as of boron 
and antimony, for instance. Boron would seem to stand to aluminium in much the 
same relation as that in which lithium stands to sodium, and glucinum to magne- 
sium. In eiicli pair of elements the basylity of the second is superior to that of the 
first term; while the monadic are more basylous than the corresponding dyadic, and 
these i^ain more basylous than the corresponding triadic elements. Boric and 
aluminic hydrates alike act either as feeble acids or feeble bases. The isomorphous 
borate and aluminate of magnesium, or boracite and spinelle, though both subject to 
a considerable range of composition, are referrible to the similar formulae MgB^O* 
and AlgABO*, respectively. As before remarked, however, the specific heat of the atom 
of boron is anomalous. 

Thallium would appear to occupy among the triad metals a position similar to that • 
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of moTCUfy amon^ tiie dyads ; but the position of gold in this g^up^ whaler^ tlmt 
position may be, is without obvious parallel. In addition to their trichlorides, &o., 
thallium ana gold each form a protocnloride and a well -defined series of salts. 

The similarity of several of the monad salts of thallium to the cor^ponding com- 
pounds of potassium is very marked. Thus its chloride produces an insoluble double 
salt with chloride of platinum; its acid tartrate xMurs as aciystnllinopfecipitate; its 
sulphate forms with sulphate of aluminium a well characterised alum ; vmile its hydrate 
is readily soluble in water, forming a caustic solution which absorbs carbonic anhydride 
from the air. On the other hand, protosulphido of tliallium, like that of silver, constit ut es 
a dense black precipitate. Again, protochlorido of thallium, though more sidublo in 
water, has a general resemblance to chloride of silver, while the proU>bromidos and 
iodides of the two metals present even a greater degree of similarity. The most stable 
of the monad salts of gold is the soluble cry.stMlline sodio-sulpliide, AuNa8.4]l*0. 
The protoxide is very unstable, and the protochloride is known only os an iinsoluble 
residue. . 

Indium, wiiich was discovered by Reich and Riclitor in 1863, and is ospocially 
characterised by the two indigo-blno bands appeuritig in its spm’trurn, is a very sott 
lustrous metal, permanent in air and water, and having a specific gravity of about 7‘2. 
Its hydrate ana carbonate constitute white precipitates, and its sulphide a yellow 
precipitiito insoluble in acetic, but soluble in mineral ai’ids, while its clilorido may l>e 
obtaiiKKl as a white crystalline sublimate. It.s ixjuivaleiit weight is 37’8, and its 
specific heat, according to Runsen, is 0 ()!)7 • hence its atomic weight is 3 x 37*8 (u* 
113’4 : for 113-4 X 0 067*-= 0-.'). The formula of its chloride is acconlingly Int'P, 
tliat of its yellow oxide, which is a saliiial)le base, In^O*, &c. It. Ix'longs to the 
rcguline division of the metals, and bears much the same relation to thallium that 
tin beiirs to lead. 

Group IV^ Tetrad Metals; including tin. lead, titanium, zirconium, tho- 
ri num.—These metals are associated with the non-metallic tetrads carbon and silicon, 
just as the triad elements aluminium an<l boron are associated wit h one another. Tho 
tetrad elements agree with those of tho monad and dyad groups in being divisible into 
a more espocially rcguline, and a more ospocially basylous sub-group, the lower 
members of each* of which i;h>sscsh tho refipeetivc distinctive characters of the sub- 
gr<jup in tlioir greatest intensity. Tho relation.s of the members of the first five 
groups to one another is shown in the foUowdng table ; 


Monadt. 

Dyads. 

Triads. 

I'etrad 

Li 

7 

Gl 

9 

Bo 

11 

C 

12 

Na 

23 

Mg 

24 

Al 

27*5 

8 i 

28 



Zn 

66 

„ 


,, 


Ag 

108 

Cd 

112 

,, 

. . 

Sn 

118 


Hg 

200 

T1 

203 

Pb 

207 

K 

39 

(’ll 

40 



Ti 

48 

Rb 

86 

Sr 

87*6 

,, 


Zr 

896 

('8 

133 

Ba 

137 

»i 


i’h 

231 


IVntad*. 

N 14 

P 31 

As 76 

Hb 122 

Bi 210 


The tetrahydric character of marsh gas has been rccognisrsl frjmi almost ho 
earliest days of organic chemistry, but the now rcccivcAl tormula ( JI , in which tho 
carbon is represent as indivisible of atomic, was first infroducixi by Gorhardt m 
^^^42, insteaS of the 

r^Wted byThTautbor in 1867 and tho following voars (Phil. 

auvocaiou oy igag p. 58), and was ilcfinitivoly establishwl by tho 

ri 1. ..." 

6) and of Friedel and Craas on tho organic comp<>nmls of (Bull. Uiim. 

1863 P 174) Tho tetratomicity of tibinium and zirconium follows as a matter of 
l«oo, p. / ; varKiur-denBities of thoir chlorides, and similarly that of 

iTd^mThe it» cthjlid... though it ij. l«li«vo-l that thi- |« iho 

fl™t ^Mion on which iwl hM been .Icfii.it. ly clar.»ifi«l a. a totmU,mic element, 
in association with tin mthcr than with calcium. 1 ho cl. lorid^ of carbon, silicon, 
i?n^n7am and rircoi.inm, rcpre»e,.te<l a- tetmehlonden by the general formuU 
and the ethylidea of eilicon, tin, and lead, represented by the general formula 
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h/ive va^iir-densities which are the halyes of their respective molecular 
weights, and accordingly have the same molecular volume as the protochloride of 
hydrogen HCl, the dichloride of mercury HgCP, and the triethylide of aluminium 
AlEt>, Moreover, the chlorine of the chlorides of carbon, silicon, and more 
especially of tin, is found to be experimentally replaceable at four successive stages. 
Thus, we have SnCl<, 8nCl*Et. SnCPEt*, SnClEt* and SnEt<, corresponding to CCI^ 
CC1*H, CCl^H*, CCIH* and respectively, and so on. Again with the tetrad 
atomic weights 118 and 207, the metals tin and lead have the normal atomic heat 
which is expressed more or less closely by the number 6*2. The specific heats of the 
other metals of this group have not been ascertained, but the specific heats of carbon 
and silicon among the tetrad elements, like that of boron among the triad elements, 
must, according to our present imperfect knowledge, be regarded as exceptional or 
anomalous. 

Tetrachloride of tin is a colourless fuming liquid, which combines with water W 
form a series of crystalline soluble salts. Tetrachloride of lead is known only in the 
form of hydrated crystals. It is made by treating peroxide of lead, PbO*, with cold 
aqueous hydrochloric acid, when solution takes place without effervescence, and on 
evaporation in vacuo, crystils of the tetrachloride separate out, together with much 
dichloride of lead. The solutions of the tetraclilorides of tin and lead are decompose I 
by alkalis, with precipiUition of the respective peroxides, and by sulphuretted h3'dro- 
gen, with precipitation of the respective persulphides, the former of a pale yellow, the 
latter of an orange-red colour. The dichlorides of tin and load, which have been inci- 
dentally referred to when discussing the dyad metals, are readily fusible, volatile 
solids, whose solutions, like those of the tetrachlorides, are decomposed by alkalis, witli 
precipitation of their respective protoxides, and by sulphuretted hydrogen, with preci- 
pitation of their respective protosiilphides, the former of a dark brown, and the latter 
of 'a black colour. It maybe here observed that the property of forming insoluble 
sulphides, not readily decomposed by water, constitutes a useful distinguishing character 
between the reguline and alkaligenous sub-groups of metals belonging to each of tlio 
primary groups, this property being manifested l)y silver, zinc, cadmium, mercury, 
thallium, tin, lead, arsenic, antimony and bismuth, but not by potassium, csesium, ru- 
bidium, calcium, strontium, barium, titanium, zirconium and thorinum, or yet by the 
metals yttrium, cerium, lanthanum, and didymium, to which wo shall presently refer 
more particularly. Many of the dyad salts of reguline lead, however, present a 
marked resemblance in properties to the similar salts of the alkali-earth metals, and 
are frequently isomorphous with them, just as the monad salts of reguline thallium 
correspond with the similar salts of potassium. On the other hand, an almost 
special characteristic of lead, and one strongly corroborative of its polyatomicity, 
consists in its very marked tendency to form double and superbasic salts with mon- 
atomic radicles. Load differs also from its congener, tin, in the greater degree of its 
basylity, or power of neutralising even feeble acids; while a further difference between 
them results from the superior stability of the di-salts over the tetra-salts of the one 
metal, and of the tetra-salts over the di-salts of the other. 

The less reguline sub-group of tetrad metals, namely, titanium, zirconium and 
thorinum, are associated with silicon and tin by the isomorphism of rutile, TiO’*, 
and artificial thorina, ThO*, with native tinstone SnO'-* (Nordenskid Id and 
Chydenius, Pogg. Ann. cx. 642), and by the vapour-densities of titanic and 
zirconic chlorides, TiCP and ZrCP, corresponding with that of stannic chloride, 
SnCP. The sulphides of titanium, zirconium and thorinum are not producible 
in the moist way. Their oxides are hanl cryatalline bodies unattackable by ordi- 
nary acids, save the hydrofluoric. Their bjtlrates occur as white gelatinous preci- 
pitates, which dissolve readily in acids, to fofnTInore or loss definite salts. Just as the 
hydrates of the dyad alkaline-earth metals, Hfll'-'O’, are less soluble and basylous than 
those of the monad alkali-metals, so should we expect the hydrates of the unrecognised 
triad earth-metals, to be less soluble and basylous even than those of the dyads, 

and the hydrates of the non-reguline tetrad metals, or 

— H*0), to be still less so. In other words, we should be prepared to find, in the 
sub-group of tetrad metals we are now considering, but a very inferior degree of 
basylity, more especially in the superior members of the sub-group, seeing that the 
degree of basylity habitually increases in tlie order of the atomic weights of the con- 
secutive metals. We accordingly find that the characters of hydrated titania are fully 
as much acid as alkaline, though we are nevertheless al^uainted with sulphates, 
nitrates, phosphates and even a potassio-carbonate of titanium. But the basylity of 
zirconia is far better marked. Its silicate constitutes zircon ; its carbonate is formed 
by precipitation ; its sulphate is a soluble crystalline salt ; while its potassio-sulphate 
is thrown down as a crystalline precipitate on mixing solutions of Uie separate sul- 
phates of potassium and zirconium. Ihorinuni forms a large number of well-defined 
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•alta, including a po^io-sulphatc correftponding to that of aireonlum in itt eKartctar 
and mode of fcurmation. Moreorer, hj^rated thorina is sufficiently baiQrlomi to m^l 
ammonia from sal-ammoniac, and to absorb carbonic anhydride from atmosphere. 

The metals yttrium, erbium, cerium, lanthanum, and d i d y m i u m possess the 
following properties in common with one another and with thorinum: — Their hyilrates 
constitute gelatimms precipitates, which expel ammonia from sal'ammoniac solution, 
and absorb carbonic anhydride from the atmosphere. Their sulphides are not pro- 
; ducible in the moist way, and their sulphates are precipitated by sulphate of potassium 
yin the form of crystalline double salts. The equivalent weights of these four metals, 
\ Vhich replace 1 pt. of hydrogen to unite with 86’6 pts. of chlorine, are Y 32, Kb «» 66 3, 
\ V ^ what their atomic weights are is altogether undecided. 

5 \ V present state of knowledge, their extreme basylity cannot any longer be re^rdwl 
\ % Wconsistent with their di-, tri-, or even t<*trntomicity, and tliere are some points in 
\ • \ didymiuni, at any rate, which are suggestive of its being a triad 
\ \ ^ent. Cerium is distinguished from lantlianum and didymiuni, as well as from 
hy the facility with which it forms a superior and feebly saliHablo oxids. 

\ lup T*entad Metals. — These are six in number, namely arsenic, anti* 
moi.,, ^'sitiuth, vanadium, niobium, and tantalum; they are associated with 
the non ^letallic nitrogen and phosphorus, just as the tetrad metals tin and load are 
ussociateci «’ith the non-motallic tetrads carbon and silicon. Although the pontatomicity 
of the first four of these elements is vor}' well o.stabli8hed, us shown by tlio phosphoric 
and arsenic acids, for instance, and their corrosi-wuiding chiorid(*s and oxides, as formu- 
lated below, yet it must be admitted that tludr more general niul charat'teristic beha- 
viour is triadic : 


P-C1‘ 

P^ 

IJ'I 

|o"* 

P’j 

Ipj 

■ cr* 


As’^Et’CP 
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in 

lo"' 

1 

As’j 

IPj 

!o"* 

1 

As'( 
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In some cases, moreover, these elements form monad compounds. Thus, Qriess has 
shown th«t, in a variety of organic bodies, a single aton^of nitrogen maybe substituted 
either for 1 or for 3 atoms of hydrogen, riiosphtjrus and its asstK'iated metals were 
formerly represented by atomic weight-s, the halves of those now uniri'rHally ndoptinl, 
and it is only within a very few years that tho habit of writing the antimonious and 
bismuthous chlorides as sesquichloridcs by tlio formula} 8b*Cl* ami Ili''(’l*, rospi^otively, 
has been completely abandoned ; nor indeed is it very long since chloride of bismuth 
was frequently represented as a j)rotoehloride by tho formula JliCl. It is only, how- 
ever, with tho atomic weights now employed, namely, P 31, As 76, Sb 122, ami Hi 210, 
that the atoms of the four elements have approximaUdy the standard specific boat of 
6*2. The specific gravity of nitrogen gas being identical with its atomic weight, or 
with the half of its molecular weight, the two-volume molecule of nitrogen is repre- 
sented by the expression N"'N'",juHtasthat of oxygen is represent ed by 0"0",aml that of 
hydrogen by H'H'. Deville, however, has shown that tho va]>oiir-denHities of phosphorus 
and arsenic are tho doubles of their respective atomic weights, and that these densitioM 
when corrected, are unalterable by any increase of tornpend ure, so that the two-vrilume 
molecules of phosphorus and arsenic have to bo represented by the expressions P* ami 
Ah*. Williamson lias very plausibly suggest^ that, while tho molecule of nitrogen 
may be rmrded as ammonia, iu which tho tlirtw at>ODis of monatomic hydrogen 

are replac3l by one atom of triatomic nitrogen, N"'N". t he niolecnles of phosphorus and 
arsenic may be regarded as phosphine and arsine, P'"il'* and As'"!!'*, in which the 
three atoms of monatomic hydn^gen are replaced by three atoms of monatomic phos- 
phorus and monatomic arsenic respectively, P"!*'* and^ As'^As'*. They may also 
be represented by formulaB in which each of the atoms of phosphorus ,or arsenic 
I^P 

is pentatomic; 1 1 Except that bismuth does not form a trihydride, the 

volatile trihydridee, triethylides, and trichlorides of these five elements all form two* 
volume molecules, while the hydrogen, ethyl, and chlorine of the respective compounds 
are readily replaceable in thirds at three successive stages. The majority ot the 
pentad compounds dissociate or decompose at or below their boiling points; but the 
molecules of nitric acid N’lI'O oxychloride of phosphorus I^Cr*0", oxy-ethylatibine 
.SlgEt'*0", &c. &c., have vapour-densities which are the halves of their atomic 
weights, and accordingly correspond with the normal two-volume standard. Arsenic, 
antimony, and bismuth differ from the majonty of the metals in being destitute of 
maiieabili^ or tenacity, and are therefore very commonly flescrib«;d as brittle or semi- 
metals. Their regnliue character is, however, very well marko<), and their sulphides 
Vox. ILL 3 4 
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are eauily formed by precipitation. The permanently reguline habit of arsenic, hov- 
ever, is less decided tnan that of its congenew ; for finely powdered arsenic oxidises 
readily in moist or heated air, and its precipitated sulphide is slowly decomposed by 
boiling with water. All three metals manifest both acid and basic properties, the 
former being shown most strikingly by arsenic and the latter by bismuth. 

Vanadium was formerly r^arded as a hexad analogous to chromium. Berzelius 
indeed obtained three oxides to which he assigned the formulae VO, VO'* and 
VO* [ V » 68*6 ; 0-8]. The highest of those, namely, vanadic oxide, or anhydride, 
exhibits considerable resemblance to chromic anhydride CrO^, the two oxides being 
red or orange-coloured, non-fusible, crystalline solids, soluble in water, deccmposible 
by heat, and uniting with basic oxides to form very stable orange-coloured siilts, fur 
example the native chromate and vanadate of lead, and the very characteristic lu- 
chromate or anhydro-chroruate of potassium, and the corresponding vanadate. On the 
other hand, vanadium was known to form compounds isomorphous with analogs 
compounds of the phosphorus and arsenic group, vanadinite for example, which is a 
compound of vanadate and chloride of load, being isomorphous with apatite, pyro- 
morphite and mimetesito, minerals consisting respectively of phosphatochloride of 
calcium, phosphatochloride of lead and arson atochlorido of lead. This anomaly gave 
rise to the suspicion that vanadium might belong to the phosphorus group of elements, 
and this view lias been completely established by the experiments of Roscoe, who has 
shown that the supposed metallic vanadium of Berzelius was really an oxide, and that 
the luantities of oxygon in this and the three higher oxides above mentioned are in 
the proportion of the numbers 2, 3, 4 and 5, these oxides being in fact represented by 
the formulae V*0^, V20^ V‘0*, V*0*, and the metal vanadium, which lloscoc has 
isolated by reduction of the chloride with hydrogen, having the atomic weight 51. 
Roscoe has also shown that vanadic anhydride forms with metallic oxivles throe 
classes of salts, viz. orthovanadates SM'O.V^O*, pyrovanadates 2M-0.V*0*, and 
metavanadates M-0.V*0*, analogous to the three well-known classes of phosphates. 
He has also obtained the three chlorides VC1-, VCP, VCH, sind several oxychlorides, 
one of them, VOCP, being analogous to phosphorous oxychloride i^OCP. The formulae 
of the di* and. tetra-chlorides, which are confirmed by the vapour-densities of tljo 
respect?% compounds, show tj||at vanadium exhibits an exception to the general rule 
that th^ Variation of atomicity or combining capacity in an eleinent takes place by 
pairs of units ; in other words, they show that this element is both artiad and 
perissad. , . , • 

Tantalum and Niobium differ from the pentad metals above noticed m being 
solely pentadic, and not forming any triadic compounds like PCP, As-0*, &e. 

Tantalum, discovered in 1802 by Ekeberg in tantalite and yUrotantalito from 
I'inland, was formerly regarded, in accoirlanco witli the experiments of II. R')So, as a 
tetrad, forming the chloride TaCP and the oxide TaO^ [Ta = 138]; but fmm thu 
obvservations of Marignac on the isomorphism of the fluotantalates and fluoniobates, 
and the vapour-density 12*42 of the chloride, as determined by Devillo and Troost, it 
appears tliat the true formula of the chloride is TaCl* and that of tantalic oxide or 
' anhydride Ta^O* [Ta = 182]. There is also a lower oxide TaO^. (See vol. v. pp. 
662-669.) 

Niobium or Columbium, discovered by Hatchett in 1801 in American columbitc, 
was pronounced by Wollaston in 1809 to be identi«al with Ekeberg’s tantalum. But 
the more exact experiments of H. Rose have shown that the two metals are distinct. 
They occur together in almost all tantalites and columbites; but some tantalitrs. as 
that of Kimito in Finland, are free from niobium, and some of the Greenland colum- 
bites contain only the latter metal uiwhixed with tantalum. The two metils are 
extremely difficult to separate, and it w^their simultaneous occurrence which vitiated 
the early analyses of the minerals containing them. Niobium forms a pen tachl oriel o 
NbCl», and an oxychloride NbOCP [atomic weight of niobium = 94], the formula* of 
which are established by their analyses and vapour-densities. Niobic oxide or anhy- 
dride Nb’O* unites with basic oxides forming the niobates. The native colnmbites 
are niobates of iron and manganese, (FeO ; MnO)Nb*0». According to Dolafontainc 
there are also two lower oxides NbO and NbO*, but their constitution is not well 
established. vol. iv. pp* 48-68.) 

Group VI. Hexad Metals.— The metals characteristic of this group— namely 
tellurium, molybdenum, and tungsten — are but imperfectly known. Their 
bexatomicitv, however, appears to be established by the analogy subsisting between 
certain of their compounefs and the similar hexatomic compounds of the non-metals 
sulphur and selenium, thus : 

scro» 

SHH)‘ 


Sell-O* 


TelHO' 

TeO> 


MoCFO* 

MoK-'O* 

MoO* 


WCI*0» & WCP 
WH*0^ 
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With the atomic weighs S 32, vSe 79*6, Te 1295 •nd W 184, the specific hoala of tbo 
atoms of sulphur, selenium, tellurium, and tungsten approximate to the number 6'2 ; 
while the specific heat of the atom of molybdenum, Mo 96, has yet to be ascer* 
tained. The vapour-densities of the oxychloride and trioxido of sulphur are the halves 
of their respective atomic weights, and their molecules constHiuently accord with the 
normal two-volume standard. The corresponding compounds of molybdenum are also 
volatile^ but at too high a temperature to allow of the ready determination of their 
vapour-densities ; and the same remark applies to the hexcliloride and oxychloride of 
tungsten. But trioxido of tungsten is fixed in the fire, wliilo trioxido of tellurium 
decomposes into dioxide and free oxygen, as does indejxi vajH)ri8ed trioxido of 
sulphur at a red heat. Tho semi-metal tellurium is isomorphous with, and in its 
gen^iral cliaracters and behaviour very closely rt'sembles, tho semi-metal antimony, 
the two elements obviously (.Hvopying analogous jKisitions in the sulphur and phos- 
pHbnis groups respectively. Tlio exact jmsition of molyUlenum in relation to the 
sulphur-group proper is as yet undetermined. With an atomic weight much inferior, 
it exhibits metallic ,chanvctcra fur more porfectlv than tellurium, while its most 
ohanvcteristic compounds have just tho et)nstitntion and general properties which 
those of a metallic analogue of tho .sulphur elements might be exjMicted to present. 

The association of tungsten with molylHlenum, t hough scarcely estahlished l>oyond 
question, is not improbnldy analogous to that of bismuth with antimony, tin with 
load, &c., the difference in atomic weight between the several pairs of elements being 
almost identical. The trioxides of tellurium, molvbdonum, and tung.steu occur as 
insoluble powders, which have many properties in common, including a marked 
tendency to form anhydro-salts with tho stronger bases, and a capability of acting as 
feeble bases to the stronger acids. Tungstic acid WH ’O*, aiul its hydrate WIlH)MlH), 
have been described by Kiche (Ann. Ch. Phys. [3] 1. 6), but molybdic acid is nut 
known in tho isolated state, though its salts, formed on tho typo are very 

well defined. Graham, however, obtaimsl both molybdic. and tungstic acids in the 
colloid form, as perfectly soluble compounds possessed of eonsidcrablo stability, 
having decidedly acid characters, and altogether closely resembling ooo nnotlmi* 
(Proc. Koy. Soc. xiii. 340). Tho trisnlphides of molybdenum and tungsten ajro power- 
ful sulphanhydrides, which combine with .*«ulphido of potassium to form beA92iirul rt'd 
and orange crystalline salts. The several (dements now under eonsirleratidl are not 
only hexatomie, but also tetrHt<»mic, and in s(*nio ca.ses cn’eii diatomic, just as wo have 
seen that tho pentad elements are triatomic aud oven monatomic. Thuu wo have - 
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Tungsten is also pentatomic, forming the compounds WCP and Wllr* (Roseoe) ; 
eonsequontly, like vanadium it exhibits an exception to the general Jaw of tho variat ion 
of atomicity by pairs of units. 

The vapour-densities of the hydrides of oxygen, sulphur, soleniiim, and tellurium, 
and of the chlorides of oxygen and sulphur among tho (iyad comj)oiinds, as well as of 
dioxide of sulphur among the U-trad conifK^mKls. nnj the halves of their atomic 
weights ; or thpir respective molecules correHi»ond with t he normal two-volume standard. 
Of tho other compounds above tabulated, the j)rotoxido of molybdenum, and tho 
disulphides of molylKlenum and tungsten, are not volatilisable, while tho remainder, 
though volatile, have not had their vapour-densities determined. In a elassifics-tion 
of elements according, not to their maximum, but to their most characteristic atomi- 
cities, oxygen, sulphur, and by cousequenco selenium aud tellurium, would probably bo 
regarded as dyadic. 

Group VII. Heptad Metals. — The elements referred to at the comiheneoment 
of this articlo under tho head of non-mefallic nion.'uls, namely chlorine, brom i n o, 
and iodine, have the property of forming, in additifin to their respective mon-hvdridoi, 
well-marked triad, pentad, and even heptad compounds, examples of which last ara 
afforded by their respective quadroxy-acids, Cl''**lln*, Br*“HO^, I’^JIO*, and (I’'“)*0^. 
Iodine, though in some sense tlio reprchentativo of tellurium and antimony, cannot 
rank even as a semi-metal, but we are acquainted wdih at least one perfect or malleable 
metal which in some of its compounds may be regarded as hcptadic, namely manga- 
nese. With the atomic weipht 55, the atom of manganese has the same specific heat 
as the atoms of chlorine, bromine, and i^xline, namely 6 2, and forms h welUiefln'Hl 
acid of moderate stability, tho permanganic acid whose potassium-salt, 

Mn’«KO\ is isomorphou's with perchlorate of potassium, d*“KOb The general 
properties of manganese, however, will be m -r.; ftppropriately contiidered in the 
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next section devoted to the iron faxait jr of metals. The succeeding table of chlorides, 
hydrides, and hydrates is not without interest as exhibiting the characteristic atomi- 
cities of the different groups of elements : — 

Li'Cl G"C1* B"'CP N'"H* O^'H* FH 

Na'HO Mg"H*0* ArH^O* Si""H<0^ P’H>0< CP^HO* 

Having regard to the upper line of compounds, carbon may bo regarded as placed at 
the apex of two converging series of elements of increasing atomicities ; while having 
regard to the lower line of compounds, it will appear as the middle term of a single 
series. It is observable that the atomic weights of carbon and silicon correspond very 
closely with the arithmetical means of the atomic weights of the elements placed 
respectively on the same lines with them, for = 12*d and ^=: 28 7. 

Group VIII. Iron Metals. — The elements previously discussed are for ^10 
most part capable of being arranged in two general divisions, accordingly as they 
combine with an odd or even number of atoms of halogen or hydrogen. To such of 
them as combine with two, four, or six atoms of chlorine, &c., the designation artiad, 
and to those which combine with one, three, five, or seven atoms of chlorine, &e., 
the designation perissad maybe conveniently applied. Vanadium and tungsten, 
however, as already observed, unite both with odd and with even numbers of halogen 
elements ; and the same property is exhibited by the metals now to be considered. 
Such elements may not inappropriately receive the designation of p ori s-arti ad. 
Among the members of this group attention will be more especially directed at first to 
the metals iron, nickel, copper, manganese, andcobalt. The most ordinary of the 
several series of compounds formed by those metals correspond closely with the similar 
compounds of zinc, in their saline constitution, water of hydration, crystalline form, 
and general chemical properties. Accordingly, if zinc is to be regarded as dyadic 
with the atomic weight 65, then iron, nickel, copper, manganese, and cobalt must also 
be regarded as dyadic, and receive the atomic weights given on the upper, instead of 
the formerly received atomic weights given on the lower of the following lines: — 

Fe 66 Ni 69 Cu 63-6 Mn 65 Co 69 

Fe28 iW29'6 Cw 31*75 Mn 27 5 Cb 29*6 

With these doubled atomic weights, the iron-mctals will have the normal specific heat 
expressed approximately by the number 6*2, instead of the abnormal specific heat 
expressed by the number 3*1 ; and several other advantages resulting from the dupli- 
cation will be manifested further on. Adopting, then, the atomic weights which are 
in harmony with the .specific heats of the metals, the ordinary ferrous, manganous, &c., 
salts will bo represented as dyad compounds by the formulae M"Cl^ M"0, SM"0‘, &c. 
Some evidence also of the existence of tetrad compounds is afforded by pyrolusitc, 
Mn''"0^, iron-pyrites, Fe""S*, and an artificial sulphide of nickel, Ni""S'‘'. Moreover, 
according to experiments made by the author, there would apj>ear to exist an unstable 
tetrachloride of manganese, MnCl‘, corresponding to the unstable tetrachloride of 
lead, PbCl*, just as the peroxides of the tw'o metals, MnO* and PbO*, also correspond 
with one another. Be this as it may, the ferrates and manganates, Fe’‘K’0‘ and 
Mn’‘K^Ol analogous to the sulphab s SK'^O*, furnish decisive examplesbf the existence 
of hexad compounds ; and the mutual analogy of these three classes of salts affords an 
obvious argument in ftivour of adopting the atomic weights Mn 55 and Fe 66, whereby 
alone they can all three be represented by analogous formulae. The association with 
one another of the five metals now undejr consideration centres in the remarkable 
parallelism subsisting between nickel aiid cobalt. By its intermediate properties 
nickel serves to connect iron and coppOT j^dth one another ; while its relationship to 
the former metal corresponds evidently With that of cobalt to manganese. Thj asso- 
ciation of copper with in>n through the intervention of nickel seems scarcely to receive 
that thorough recognition to which, in the author’s opinion, it is entitled (Phil. 
Mag. xiii. 486), apparently because of the facility with which they may be analytically 
separated from one another. The three metals have the same atomic volume, namely 
88, which is likewise that of manganese, cobalt, and possibly chromium, but of no 
other metal whatever. Their specific gravities, calculated or experimental, occur in 
regular sequence, as do also their atomic weights. Iron is the most infusible ami 
weldable, then nickel, then copper. The three metals are soluble in hydrochloric acid 
with evolution of hydirogen, iron most readily, then nickel, then copper; they pre- 
cipitate the somewhat basyious metals, tin and cadmium, from their boiling solutions; 
and alike form salts of a marked green colour, complementary in some measure to 
the pink colour of manganous and cobalt salts. Their hydrates are soluble in sal- 
ammoniac and ammonia, iron to^a slight extent only, then nickel, copper most of all. 
Their sulphides are soluble in* hydrochloric acid with evolution of sulphuretted 
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hj^rog^n; bnt while the precipitation of sulphide of iron maybe prerenfed by li' 
slight acidulation, that of nickel requires a larger proportion, and that of copper a votw 
much larger proportion of acid. The sulphates of iron and nickel crystallise with 
seven atoms of water, and are isomorphous with one another; but sulphate of copper » 

iisually crystallises with five atom.*! of water, and is isomorphous with the corre- 
sponding sulphate of manganese. On the other hand, the sulphates of iron and copper 
crystallise toother in all proportions, the mixed salt being heptahydrated and having 
the form of sulphate of iron, or pentahydrated and having tlie form of sulpha^ 
or copper, accoraing to the preponderance of either metal. Again, the double potassin- 
sulphates of all three metals crystallise with six atoms of water, and are isomorphous. 

It is evident, however, in comparing the five metals with one another, that manganese 
and iron, which are at one extremity of the series, have a tendency to form hyper* 
oxides, and that copper, which is at the other extremity, has a tendency to form 
hf^-oxides, while cobalt and nickel are intermtHiiate both in position and tendencies. 

Now, it is just some of these distinctive peroxidised eomjiounds of nmnganeso and iron 
on the one hand, and suboxidised compounds of copper on the other, that furnisli 
us with illustrations of perissjwi forms of combination. Thus, manganese, wluwe 
general artiad character is shown by its forming dyad, tetrad, and hrxad compounds, 
as we have already seen, i.s nevertheless indisputably perissad in the permanganates. 

The permanganat<\s, Mn’'“KO‘, for example, resemble the cornspoiiding perchloratCH 
in constitution, stability, solubility, crystalline form, specific heat, &c., and, 
with the high atomic weight for manganese, are expressible by similar formula*. The 
perchloric and permangjvnic acids are analogous, unstable, and powerfully oxidising 
compounds. Dumas has also described a volatile perchloride of manganese, supposed 
to bo a hoptachloride Mn''“CP, which is decomposed by water into hydrochloric and 
permanganic acids ; but H. Koso has shown that it is an oxychloride Mn*'0’Hyl*, 
analogous to chromic oxychloride (V'C-'Cl*. 

Passing to the opposite member of the iron group, wo find copper furnishing a whole 
series of salts, which, represented by the mo.st simple formula* with the doubled atom i)f 
copper, Cu 03*5, agree closely in chemical constitution and properties, as well as in 
specific heat and crystalline form, with the corresponding safta of the mona<i metal 
silver, ^'uprons chloride CuC’l, and silver chloride Ag('l, agree in the following 
<‘hanict«r8. They have the same s{)ecific heat and crystalline fonn ; are producible as 
white precipitates insoluble in water, but soluble in ammonia and in boiling hydro* 
chloric acid, to form colourless solutions. They dissolve also in solutions of the alka* 
line chlorides forming similar double salt-s, which I^ocquorol obtained elect rolytically in 
crystalline forms belonging to the regular system. The bromides and icKlides of the two 
metals correspond with one another and w'ith the clilori«les, in form, solubility, reaction 
with ammonia, production of double salts. &c. &c. The amorphous oxides, Cu*0 
and Ag^'O, resemble one another, but oxide of copper has alone been oldainod in 
crystals, which are octahe<lrai. The sulphides exhibit a remarkable correlation. 

('upreus sulphide, Cu^8, is dimorphous, and while the artificial compound is isomorphous 
with silver-glance, Ag’H, in the regular avst^em, the native form or* copper-glance is iso- 
morphous with silver-copper-glance, AgCuS, in the trimetric system. Miargyrite and 
antimonial copper are similarly constitut<‘<l compounds, AgHbH* and ( ’uSb.S* respectively, 
while boumonite Pb"CuSbS*, and rod silver Ag*.Sb.S*, are similar and isomorphous. 

The convertibility of cuprous into cupric compounds constitutes, indeed, the only 
marked peculiarity of l>ehaviour distinguishing thorn from the similar compounds of 
silver. So long as they continue to be cuprous compounds, the resemblance between 
them and their silver analogues is as great m that between the Cf^rres ponding com- 
pounds of any two associated metals. But despite the analop^y of cuprous to silver 
chloride, for instance, and of permanganic to perchloric acid, it has been proposed U» 
double the molecular formula* of all cuprous and permanganic comiH>unds, and conse- 
quently to express them by formula* dissimilar to those of their res pen’ll ve, silver and 
chlorine analogues. By this means the formula* CuHM* ami MnMl ’O*, for instanc**, 
will certainly be brought into harmony wiih the law of oven numbers, but at a very 
heavy sacrifice of simplicity and analogy. Fully a^lmitting the grwit and not geiierMlly 
appreciated value of%.rfiurent and Oerhardt’s law, it must yet bo remembered thid. 
these distinguished chemists themselves point'd out its inapplicability to the pc*rissml 
compounds of the iron metals, save by a^lmitting for wich metal two different atoms 
representod by two diflferent symbols ; and it may also be askcfl whether the n?C4«ived 
mode of expressing I^urent and Oerhardt’s law might not l ^)0 mlvarjUgeously mixlifiwl 
into some such dictum as the following, that “in every compound the sum of the 
atomicities or equivalencies is an even number.” 

Just as copper and manganese, though usually dyaflic, are associate^! with monadic 
silver and heptadic chlorine respectively, so is iron, though usually dyadic, as(M>ciHted 
irith triadic alumininm. Ferric chloride, oxide, and compounds generally, present such - ^ 
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' an analogy to aluminic chloride, oxide, and compounds generally, that similar formula 
ought necessarily to be applied to the similar series of bodies. Conlining ourselves for 
simplicity’s sake to the case of the two chlorides, we have to choose between the 
' ' .4 formulae AlCl* and FeCl*, on the one hand, and the formulae Al*Ci® and bVCl®, on the 

other. The more complex expression for ferric chloride, Fe*Cl®, is certainly recommended 
by several considerations of indisputable importance, but not, in the author’s opinion, 
of such pammount importance as positively to require its adoption. Thus, the formula 
Fo*Cl* is in harmony with the law of even numbers, as usually enunciated ; but the 
. simpler formula would agree equally well with the law, if modified in its expression as 
above proposed. Again, the formula Fe^Cl® is in harmony with the constitution of 
certiiin mixed and basic salts of ferricum investigated more particularly by Scheurer- 
Kestner (Bull. Soc. Chim. 1863, p. 344), in which one-sixth of the acid radicle com- 
bined with the ferricum ditfors from the remaining five-sixths, as in ferric aceto-nitrat»\ 
for example, Fe2(CWO'^)»(NO®)'^HO, or Fe(C^H®0^)®.Fe(N0®)''H0 ; but the numWof 
salts known to be formed on duplicate types is now so great as to deprive this considera- 
tion of any extreme consequence. No one, for instance, contends that the constitution of 
tri-acid oxalate of potassium, C*IPO‘.C'^HKO^, necessitates the accordance of the 
formula to oxalic acid. Lastly, the formula Fe'-^Cl® is in harmony with the 

vapour-density of ferric chloride, as determined by Deville, who found that two 
volumes of vaporised ferric chloride contiiin twice 66 parts of iron, and six 
times 35-5 parts of chlorine, just as two volumes of vaporised chloride of aluminium 
conUiin twice 27'5 parts of aluminium, and six times 35’6 parts of chlorine. This is 
no doubt a very important result, and one which, unless susceptible of some explanation 
direct or analogical, would be decisive of the question. But there are undoubtedly 
certain bodies of which the acertained vapour-densities, no matter how accounted for, arc, 
as a matter of experiment, discordant with the chemical analogies of the respective bodies. 
For instance, the quantity of phosphorus which bears to the molecule of phosphoretted 
hydrogen, PlI*, the same relation that the molecule of nitrogen bears to the molecule of 
ammonia, has only half the bulk of these several molecules. Again, the quantity of 
white arsenic which bears to the molecule of arsenious chloride, AsCF, the same relation 
that the molecule of water bears to the molecule of hydrochloric acid, has only half the 
bulk of these several molecules. Lastly, the quantity of aluminic chloride which bears 
to the molecule of aluminic othido, AlEt®, the relation which the molecule of corrosive 
sublimate bears to the molecule of mercuric ethido, has only half the bulk of these 
several molecules. In these cases, the results flowing from the anomalous volumes of 
free phosphorus, arsenious oxide, and aluminic chloride are corrected by having regard 
to the normal volumes. of other volatile compounds of phosphorus, arsenic, and 
aluminium respectively; and bearing in mind the great resemblance between aluminic 
and ferric compounds, is it not probable that the ascertained volume of ferric chloride 
may be also anomalous, and hereafter bo proved to bq anomalous by comparison with 
the vapour-densities of as yet undiscovered volatile compounds of ferricum having 
normal volumes ? Whether it bo that certain bodies have two distinct condensations 
corresponding to two distinct molecules, of which in some cases the ordinary, in some 
cases the extraordinary, and in other cases both, are experimentally known ; or whether 
it bo that those bodies have each in reality but a single condensation and a single 
molecule, which in some cases has not been correctly ascertained, through the employ- 
ment of a temperature insufficient to render the body perfectly elastic, the fact remains 
that the ascertained vapour-densities of a considerable number of bodies are not in 
harmony witli their most characteristic chemical relations, though, in the majority 
of insUinces, these anomalous results are divested of importance by other determina- 
tions of vapour-density, either of the same bodies raised to higher temperatures, or of 
allied bodies having a more decided volatility. Even allowing, therefore, that ferric 
chloride, at the temperature at which its^ density was taken, has the molecular formula 
Fc'^Cl'*, it by no means follows that under other conditions it may not have the 
simpler molecular formula FeCl*. Accepting the formula FeCl* for the chloride, 
certain other importixnt ferric compounds will bo represented as follows : the hydrates 
as Fe"II*0* and Fe’^HO* ; the oxide as Fe'"*0*; the black oxide as FeOFe^"*0* or 
Fe*0‘; and iron alum as KFo'"(SO^)*.12H*0. Thus the constitution of iron alum, 
like that of common alum, becomes a direct consequence of the triatomicity of its 
chamctoristic metal. Cobalt and manganese both form oxides corresponding to ferric 
oxide, and manganese forms in addition an unstable manganic chloride, Mn'^Cl*, and 
manganic alum, KMn"XSO*)M 211*0. These formul® of course depend for their 
warranty upon those for the corresponding ferric compounds. 

Chromium, according to the normal atomic heat 6 2, will have the atomic weight 
62‘6, instead of 26 25, the heretofore generally received number. It forms three well- 
defined chlorides, viz. the dichloride Cr’'Cl*, trichloride Cr'^'Cl*, and oxychloride or 
chlorochromic acid Cr’'*Cl*0*. This last compound is readily volatile, and its ascer- 
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tamed vapour-density being the half of its atomic weighty its molecule is roferrible to tho 
normal two-volume standard. Tho dichlorido and tricbloride are also vobitilisable tom- 
pounds, but their vapour-densities have not boon determined. That of tlie trichloridti 
however, would probably present the same peculiarity as tho analog >v.s alumiuic and 
ferric trichlorides; and judging solely by vjipour-density, tho compound would con)i»^ 
quently have to be represented by the formula Cr*Cl*. t/hniraous salts correij»1ii4 
closely to ferrous salts in their goneml behaviour, and esDccially in their absorpUoa 
ot nitric oxide, with production of dark brv.>wn compouiias. Tlioy have, however, a 
red or bluish colour more like lliat of cobalt 8;ilts. Alkaline sulnhydratea tlirow down 
a black precipitate ofchromous sulphide, and caustic alkalis a pale coloured precipitate 
of chroraous hydrate, soluble in sal-nramoniac and ammonia. The tendency ot this 
last precipitate to become peroxidised greatly exceeds even that of ferrous hvdrate, us 
proved by its gradual deoxidation of water with lilieratiou of hydrogen. The double 
Iblphate of chrome and potassium, KHV'tSO*)H>Il’‘0, is isomorplious with tlie -similar 
salts of iron, &c. Chromic and ferric comiwunds again present a general similarity ut 
behaviour, though with some woll-marketl dilferonoos. ('hromo-iron bo ((.,r is 
isomorphous with magnetic oxide l'e"(l'‘” )'*C* ; cliromic oxide (Cr 
(tV'T'K)*; chromic alum KCr'''(SO'y*. 1211*0, with iron alum KbV (S()*)M2II O, &e. 
But, unlike the similar compounds of ferricum, chromic oxide is di'CompoHed by fuHioii 
with carbonated alkalis into chixunate and an inferior oxide; cliromic hydrate is 
soluble in cold solutions of caustic alkalis ; while chromic salts react with Hiilimule of 
ammonium to produce chromic hydrate and sulphuretted hydrogen, tlumgh this last 
difference may possibly bo only one of degree depending upon thedithcult roducibility 
of chromic compounds: for it is doubtful at least wlicther tlio precipitate pi\)diieod by 
sulphide of ammonium in ferric salU is other than a mixture of sulphur and ferrous 
sulphide. Chromic anhydride Cr»‘0*, tho nmst chanicterislic .if all the compounds of 
chrome, forms well defined salts having tho same general formula as tlm manganates, 
ferrates and sulphates Its resemblance to vamidic anliydnde. a compouna 

belonging to tho pentad gr.)up, has been already noticed (p. 0()8). 

Uranium is usually classed with the iron metals, for althuugli Dossossing but liUle 
resemblance even to them, it has still less to any other gr.nip of elomonte. 1 he lor- 
mul» of uranium-comiKmnds, and tho atemic weight of uranium must bo rcgartled lor 
the present as not finally determinable, since t!ie analytical iH'SUlts cannot yot bo 
controlled by any consi.lorations derived from vapour-density, isomorphism, »prrinc 
lieat, or strict chemical analogy. Tho proportion of uranium which unites with d/l d 
parUof chlorine in uranous chloride, is found to be GO parts, a ml accordingly tlio 
Tternic weight of the meUil may bo fixed at GO. <.r 120. 180. 240. &c. The ready 
volatility of uranous chloride is in favour of its niolixm e conUining more than one 
and indeed oven more than two ateras of chlorine ; while the high specific 
uranium, 18-4, would seem to associate its atomic weight with those of such heavy 
mi-tals i>8 tungstfli), »iiocific gravity 17 C, nt.>iuic wciglit, 181 ; goM, 

19-3, .atomic weight, I90'5i and platinum, sp<x-.inc gravity 31 j, aUimie ■ 

although tho corfelation of opociOc gravity with ivtomic weight « undouhloUly .u^« t 

to many vagurios. Altogother, it scorns most mlyisiil.lo to assiimo that ^ 

weight of uranium is 240, and that tho formula of its subchlorido is U-C , w’"*" 

of uranous chloride is UC1<, and that of uranic oxyclilorido U ‘O C • Aijuoous 

uranous chloride and uranous salts in gonerii have a markwl green cohmr hut 

furnish a red-brown gelatinous liydrato, soluble in earboiiatod alkalis, flity are 

completely decomposed by the earthy carlsonatos, with evolution of carbonic 

They yield a black precimlato with sulphide of ammonium, and oxidise roailil^ by 

exposure to air Uranic salts are of a lemon-yellow colour, and possess in a 

characteristic degree the property faintly shadowed forth in a lew “f 

chromium &c of being llerit-ed from their respeetivo aeids by a substitution, not of 

moTal, but ff metallie oxide for basic liydrogen, wliich 

from one compmnd to another, throughout the entire senes of V 

f/. thfi fmlts are liable There is accordingly no hoxchlorido UU or hoxnitrate 

riTKie'ioyS td- ;s 

^k.lin. uranato, K«0,2U0*. for insUnce, with caustic alkalis. 


The nitrate 
succession a 
ble in water. 
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Gboup IX. Platinum Metals.— The metals palladium, rhodium, rutli^. 
niufc, platinum, iridium, and osmium, though differing considerably in many 
of their chemical habitudes, are nevertheless separated from all other elements, and 
associated with one another, by certain very distinctive characters. With the normal 
atomic heat 6*2, their several atomic weights will be as follows: — Os 199, It 197, 
Pt 197, Pd 106*5, Ku 104, and Eh 104. The specific gravities of the first three metals 
having the higher atomic weights are about 21, while those of the other three having 
the lower atomic weights are between 11| and 12. Each of the metals of low atomic 
weight seems to be more especially correlated with some particular one of the metals 
of high atomic weight, palladium with platinum, rhodium with iridium, and ruthenium 
with osmium ; and all six metals are found associated together naturally in the metallic 
state. They are all infusible save at the highest temperatures, such as that attainable 
•wdth the oxyhydrogen blowpipe. The platinum metals resemble certain metals of the 
iron family in the polychromatism of their salts, the permanency of their doubl# 
cyanides, and the perisartiad seriation of their chlorides, oxides, &c. 

Palladium and platinum belong to the class of noble metals. They do not combine 
directly with oxygen, even at the highest temperatures, while their chlorides and in- 
directly produced oxides are reducible to the reguline state by heat alone. Their di- 
and tetrachlorides are the most characteristic of their combinations. Palladium is 
said to fonii an inferior chloride PdCl, and oxide Pd‘^0, analogous to those of cuprosum, 
but its ordinary salts are typified, as above remarked, by the dichlorido PdCl®, and the 
tetrachloride PdCP. The former is crystalli sable and soluble in water, while the latter 
is known only in solution. They both produce cry stall isable double salts with chloride 
of potassium, ammonium, &c. Platinum forms a well-defined c^stalline tetrachloride 
PtOl*, which by a regulated heat is convertible into the dichloride PtCl*, insoluble in 
water but soluble in hydrochloric acid, and also in solution of the tetrachloride, forming 
apparently a double or intermediate chloride Pt'^’Cl** or PtCl®. Both the di- and tetra- 
chlorides of platinum form crystalli sable double salts with the chlorides of alkali- 
metal, &c. 

Rhodium and iridium, though permanent in the air at all temperatures when in the 
massive state, seem to be more readily oxidisable by treatment with chemical agents 
than the metals last considered. At the same time their several oxides are reducible by 
heat alone. The trichlorides are the most characteristic of their respective chlorides, 
and are typical of their ordinary salts. Rhodium forms an insoluble dichloride RhCl^ 
of which very little is known, and a soluble deliquescent rose-coloured trichloride RhCF, 
one moliepule of which combines with either two or three molecules of alkaline chloriilo 
to forih beautiful crystalline salts of a rose-red colour, whence the name of the metal. 
Iridium, so called from the polychromatisni of its salts, forms a dichlorido IrCl-, in- 
soluble in water, but forming soluble red-coloured salts with the alkaline chlorides ; a 
cQmparj^ively stable trichloride IrCl*, whose solution is of an olive-green colour, and 
whose double potassio-chlorido has the formula SKCl.IrCP ; and a tetrachloriiio 
IrCP, known only in the form of its potassio-chloride 2KCl.IrClS which is a crystal- 
lisable salt of almost black colour, while the corresponding hydrated oxide Ir0*.2U‘0, 
occurs as an indigo-blue precipitate. 

Rutlienium and osmium ditfer from the other platinum-metals in the degree of their 
oxidisability, ruthenium forming a trioxide RuO* and a tetroxide RuO^ corresponding 
to the unknown chlorides RuCL* and RuCl®, and osmium forming both a trioxide OsO^ 
with its corresponding chloride OsCl®, and a stable volatile tetroxide OsO* ; these 
totroxides are the most highly oxidised compounds of any elements whatsoever. 
Ruthenium and osmium, moreover, are directly oxidisable, and oven combustible, in 
air, at temperatures varying with their state of aggregation, and the resulting oxides 
are not reducible by any increiised teinpeitd.ure to which they have been subjectetl. 
Ruthenium forms three chlorides RuCP, RiiCP, and RuCP, with the corresponding 
oxides RuO, Ru*0*, and RuO*, of which the trichloride and trioxide are typical of 
ordinary ruthenium salts. The dioxide, produced by heating ruthenium with osmium 
in a cufrent of air, tliough not volatile se is carried over by the.osmic vapourS and 
condenses as a crystalline sublimate of well-defined square prisms. Fused with nitre, 
all the above oxides of ruthenium produce a soluble orange-yellow salt, the rutheniate 
of potassium K*O.RuO*. Osmium forms four chlorides OsCP, OsCP, OsCl*, and 
OsCl®, all of which volatilise by heat and produce double salts with the alkaline 
chlorides. It also forms the corresponding oxides OsO, 0s*0*, OsO^ OsO* and an 
additional oxide OsO®. The trioxide, though scarcely known, save in the form of its 
putassium-salt K*0.080*.2H*0, which crystallises in rose-coloured octahedra, seems 
to have decided acid characters. Tetroxide of osmium OsO® is a very remarkable 
l>ody. It occurs in flexible acicular colourless ciystals, freely soluble in water. It 
fuses at a gentle heat and boils at 100^, with conversion into a pungent noxious 
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Tftpoiir, whose specific ji:ravity is the half of its atomic weight It seems to be q^rte 
devoid of acid properties, since it is evolved from its solution iu caustic alkalis by 
simple ebullition, while its solution in water has no action upon litmus paper. 


The numerical relations subsisting between the atomic weights of the several 
elements hav’e for a long time past excited considorablo interest among chemists, and 
have not. unnaturally led to a considerable amount of sptH'ulution. 

Seeing that these atomic weights range fnan 1 (hydr gen) to 210 (uranium) tha 
question arises whether the varitnl chemical pn>perties of the elements are distrilaitid 
among them haphazard, or acconling to some definite system, of which the relation- 
ship subsisting between their several atomic weighis may |H)SNibly serve as a key. 
Mow the atomic W'eights, as distinguished from the combining proportions, of yttrium, 
erbium, cerium, lanthanum and didymium, mu.st be rt'gainled for the pn'sent as quite 
unknown. Out of the 68 eloinents. however, whoso atomic weights have been n»ore or 
less well determined, 46 have atoiuic weights ranging from 1 to 187 in an almost 
unbi‘oken succession ; 10 of the other 12 have atomic weights ranging from 184, that 
of tantalum, to 210, that of bismuth; while the remaining two, namely thorium and 
uranium, have the closely approximating atomic weights 288 and 210 respectively. 


Elements, tn Order of Atomic Weu/ht* 
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S 32 

C’r 

fti 
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66 

1 
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— 

j 
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— 
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- 

Ni 

69 

= 1 
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— 
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1 

||No 23 

1 

Cu 

63 

~ i 

j JiTltlS ' 

- 

1 - 

All 199 



1 




In this Ublo the symbols of the elements are arranged in the order of the ftlxjmic 
weights, except only in the case of tellurium, the symbMl of wliicli is placed imme- 
(iiately above insUwl of l)e]ow that of iodine; its atomic weight has }*erhup8 beep 
homewhat over-estimated. Departing from the ortler of numerical seriationvin this 
particular only, it is remarkable with what facility the symbolH of the elements may 
be arranged in paralkd lines and columns, correspomliiig with a natural classification 
of the elements tliemsolves into analogous gruujis and sericN. Indeed n study of the 
entire number of elements at present known wouM seem to indicate that they are one 
and all associated with each other by a certain comimuiity of relationship, of wliich the 
well-known gradation and parallelism in pro}>erlieH and at<»n»ic weights, of tlio 
members of the albili and earth-alkali, and of the halogen and oxygen families of 
elements, afford only the most prominent examples. 

Taking the second line of the table as an illustration, it is observable that the first 
seven metals symbolised therein are distinguished Iroin all the others by the property 
of forming one chloride only and tliat a dichlorido ; further that the rneUls in the 
uneven-numbeW columns of this line, namely nmgm sium 24, zinc 66 and cadmium 
112, are permanent in the air, volatilisable in the direct, and hasylous in the inverse 
order of their atomic weights, and are otherwise specially associated with one another, 
while the similarly associates! metals in the first three alternate or even-numbcrtsl 
columns, namely calcium 40, strontium 87 6 and barium 137, are quickly oxidiilHble in 
the air, are practically non-volatile, and are basylous in the direct instead of in the 
inverse order of their atomic weights ; and similarly on the other lines of the table, 
the elements are divisible into sub-groups according to their ixld and even positions. 

Such being the relationship of the elements placed in thftsame line, the relationship 
of those placed in the same column is of a difleront kind. Taking the third and 
seventh columns by way of illustration, it is observable that the consecutive elemenU 
in each column have closely consecutive atomic numbers ; that the element on the 
first line forms a monochloride, that on the second line a diehloride, that on the third 


• SmsUo MendeWHT, Ann Ch. rhArm. »ill. Siipfdeincntband, IM. , . , 

t The note* of Interrogailon iodic»le that tl»# pokition io the Miriei of the eleiocnli to abitli th«j «re 
ittached is doubtful. 
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a trieliloride, and that on the fourth a tetrachloride ; while those on the fifth, sixth and 
seventh lines form oxides'or oxychlorides corresponding to a penUi, hex- and hepta- 
cliloride respectively. 

The preceding table shows also that about five-and-twenty new eleincnts are 
required to fill up the gaps in the different series; and it is possible that other new 
elements may be discovered with atomic weights greater than that of uranium. 

Another idea suggested by comparisons like the foregoing is that it scarcely seems 
probable that bodies capable of being arranged in so well-marked a numerical series 
are really elementary and mutually independent; a more likely supposition seems to 
be that the gradation of properties and atomic numbers manifested by these bodies 
depends on their possession of different increments of common material. W. 0. 

MUTAXtUMXirA. This name is applied by Graham (Chem. Soc. J. xv. 24) to the 
soluble dihydrate of aluminium (i. 169)Mdiich Crum obtained by the action of heat on* 
a solution of the acetate. Graham has shown that it may be prepared by dialysing 
a solution of the acetate altered by heat, nearly all the acetic acid passing through, 
and a solution of metalumina remaining on the dialyser (p. 717). The solutionis 
tasteless, and neutral to test-paper. 

METAXiTSlS. Dbbereiner’s name for Catalysis. 

METAMARGARXe ACXB. An acid isomeric with margaric acid, 
said by Fr 6 my (Ann. Ch. Phvs. [2] Ixv. 121) to bo obtained, together with meta- 
oleic acid, by treating with cold water the mixture of sulphoraargaric and sulpholeic 
acids produced by the action of strong sulphuric acid upon olive-oil. On pressing the 
resulting precipitate, and treating it with alcohol of 36 jx^r cent., the inetamargaric 
acid is dissolved out. It is white, crystalline, insoluble in water, easily soluble in 
alcohol and ether, melts at 60°, and exhibits the composition of margaric acid. Most 
of its salts were also found by Fremy to exhibit the composition of the mai^arates, 
but the silver salt yielded 27 — 85 per cent, silver, which is nearly the composition of 
stearate of silver. Altogether, it is doubtful whether the acid obtained as above 
was a definite compound. 

MaTAAXBRZSIMr. See Isomerism (p. 415). 

MBTAMECORZe ACZ1>. Syn. with Comenic Acid (i. 1103). 

MBTAMORPRZNE. An opium-base, the hydrochlorate of which is obtained, as 
h residue in the preparation of opium-tincture by means of lime and sal-ammoniac*. 
The hydrochloraie is soluble in 25 pts. of cold, and 2 pta. of hot water, reacts neutral, 
and gives no pl^cipitate, either with ammonia or with the fixed alkalis or their car- 
benates. When dried at 100°, it contains 12*2 per cent. IICl (hydrochlorate cf 
morphine, C”II'»NO».HCl.3lPO, contains 9*7 per cent.). 

The free base separated from the sulphate by digestion with carbonate of barium, 
and exhaustion with alcohol, crystallises in stellate groups of prisms. It is not bitter; 
dissolves in 600 pts. cold, and 70 pts. boiling water, in 330 pts. of alcohol of 90 per 
cent, at ordinary temperatures, and in 9 pts. at th» boiling heat ; it is nearly insoluble 
in ether. It dissolves easily in caustic potas^ess easily in ammonia and alkaline 
carbonates. With nitric acid of specific gravityi-33 it forms a yellow solution. The 
aqueous solution is gradually coloured yellow by iodic acid ; not altered by ferric 
chloride. Chloride of gold first foms with it a yellowish colour, then a flocculent 
brownish precipitate, but produces no blue coloration. (G. C. Wittstein, Arch, 
Pharm. [2] cv. 141.) 

MXrarAMORFBZSIlt. A term applied to the transformation of minerals and 
rooktliby physical and chemical action. (See Geolooy, Chemistry of, ii. 831.) 

MBTAimrijBirB. A compound polymeric with amylene, probably C“H^*, con- 
tained in the higher portion of the distillate produced by heating amylic alcohol with 
sulphuric acid. It has not been obtained pure. (Balard.) 

MBTARAPHTHABBirB. See Naphthalene. 

MBTAlTTZMOXrZC ACZB. See Anthiony (i. 324). 

MBTA-OCTYBBRB. See Octylbne. 

ME'^A-OBBZe ACZB. An oily acid produced by the action of water on snlph- 
oh'ic acid. It is insoluble in water, easily soluble in ether, very slightly in alcohol 
(Fr6my, Ann. Cb. Phys. [2] xv. 128.) 

MBTAPBCTZO ACZB. See PBcnc Acid. 

MBTABBCTZV. See Pectin. 

MBrAVBOSFBORZO ACZB. See Pbosphobus, Oxtosn-acids or. 
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MSTAAX&XCATBS* Silicates of the augite tyjie, M’^SiO* or M*O.SiO* 
(Odling.) 

BKBTASTAmrXO ACXO. See Stajojio Acid, under Tin. 

BKaTA8TTAO&. Syn. with Mrtacinnaicenb (see CiNNAMBNR, i. 982). 

mTATAJlTASXG AOX2>. See Tartaric Acid. 

nXBTATB&SaaNTBBHB. See Tvrfbntinb. 

BKBTATVXrOSTXC ACXO. See Tungstic Acid. 

BCBTAJUCTB. Breitliaupt’s name for a fibrous variety of serpentine from SirhwarjK* 
enberg in Saxony. Hardne.s8 « 2 to 2 6. Snecific gravity « 2 CT. areenish- 
white with w'eak pearly lustre. Contains, according to Kiihii (Ann. Ch. Pharm. lix. 
369), *43'48 per cent, silica, 41*00 magnesia, 2’20 feri*ou8 oxide, and 12*96 water 
•(- 99*63). 

MBTABOXTB. A mineral resembling met4udte, occurring in green serpentine at 
Lupikko, near PitkAranta in Finland. Hardness, between calcspar and gypsum. 
Specific gravity «» 2*58 to 2 61. Colour, from greenish-blaek to white. ^ Sometupw 
aPDarently amorphous, sometimes radio"fihrouH and spheiioal. t'Ontains, ftCCordlQg 
to an analysis by C. G. Hallsten (Jahresb. 1862, p. 749),. 40 63 per cent, silica. 
10T7 alumina, 6*78 ferric oxide. 12*88 magnesia, 16*03 lime, and 12*88 waU*r (« 99 37). 


See the next article. 


M8TBOBXC BUST. 

MBTBOBXC XBOSr. 

MBTBOBXC MUD. 

MBTBOBXC STOBTBS. 

MBTBOBXTB8. Aerolites. Uranolites. This name includes, not only those 
mineral bodies which are known to have fallen on the eartli’s suHaee from the 
eelestial spaces, but likewise a great number of others, which, though their ongin is 
not actually known, yet agree so closely with known meteorites in inineraJo^ieal and 
chemical constitution, as to justify the eonelusiou that they are al.so of nieU^onc ohgin. 

The numerous analyses which nave been made of meteorites, both the older onea by 
Howard, Klaproth, and Vauquelin, and those of more recent date hy Hereeli us 
and others, have deinon.st rated in them tliD presence of about 18 elementary bodies, all of 
which likewi.se occur in terrestrial minerals, viz. aluniiniuni, calcium, carbon, chromium, 
cobalt, copper, iron, magnesium, manganese, nickel, oxygen, phosphorus, potassium, 
siliciiim, sulphur, titanium, tin, and perhaps also in some cases, iQMsmony, arsenic, 

clilorine, hydrogen and lead. ...... -.r . • t j 

Meteorites arc divided into two classes, di.stinguished iw Meteoric Iron, and 
Meteoric Stones. Meteoric iron consists eliiefiy of metallic iron alloyed with 
nickel, contains no oxidised compound, and h.as in general the characUrs of ordinary 
bar-iron. Meteoric stones are mixtures of several mineral s, elindly silicates (felspar, 
unuite, olivin), which alK) play au important part, in terrestrial minerals. 

This division is however merely artificial, inasmuch as many nu^teoritcs are mixtures 
of meteoric iron with masses of ma|Boric stone, or with one or more of the minorals 
occurring in meteoric stones. If the metallic jiortion predominates the nietoorUe is 
classed meteoric iron, as for example the 80 -<* 4 illed Pidlas meb onlc, found at Kras- 
nojarsk in .Siberia, or that of Atacama, both of winch conlu.n larger or amdler nia.a... 
of olirin imbedded in cavitica in the iron. If. on the other hand, the earthy portion 
(the gilicates) predominatea in amount, the mclconto ih called a mctconc atone ^though 
the fine gplintcra or grains of meteoric iron dimiscd through the mass m»r gfte It an 
appearance quite difiTerent from that of meteoric atones consisting wholly dfeai^y 
miMrals. Meteoric stones containing metallic non are much more numoroua than 
those consisting wholly of earthy minerals. , 


1. MeteoHo Xrott. 

A mass of meteoric iron is always o mixture, the const ituenU being sometimes 

Tisiblc sometimes revealing themselves only to chemi^ investigation. The chief itart of 

the maim consisU of iron alloyed with nickel, and perhaps always with a midl quantity 
of <Xit.%.is admixture of nickel is usually regarded as a proof of the meteone 
oriein of numerous masses of metallic iron found on or a little below the suH^o of 
tl.^'earlK whose actual fall has not been observed. The amount of iron in meteoric 
i^n uwalirv^“Som ^ 80 to 98 per cent.; Ibe nickel from 6 to 10 per cent. 

In many^cases. sulphide of iron is visibly disseminated tbrongh the maas, sometimes 
to ibaform of liither largo cylindrical grains. This siilphido is often re^rd ns 
msgtSriterF^ (P- ■‘“U. which Vs indeed oei-ur in some meteorites; tut 
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those examined by Raramelsberg (I*ogg- Ann. cxxi. 363) contained protosulphide of 
iron, Fe*S. Part of this sulphide is however distributed through the mass of the iron 
in so minuto a state of division, that it can be detected only by the evolution of sul- 
phydric acid, which takes place on dissolving the iron in acii. 

Moreover all specimens of meteoric iron, when dissolved in hydrochloric acid, leave 
a residue, varying in amount from a fraction to several units per cent. This residue 

also a mixture, and appears under the microscope to consist chiefly of a distinctly 
crystallised compound, which chemical analysis shows to contain iron, nickel, and 
phosphorus, usually mixed with carbon and silica. The carbon, a very remarkable 
- constituent of- meteoric iron, appears to occur therein, as in pig-iron, in two different 
states, viz. partly as graphite, partly in chemical combination with the iron. On this 
account, the entire quantity of the carbon is never found in the residue, the solution 
of meteoric iron in acids being attended with the emission of the same offensive odour 
that is evolved in thcL^jl^tion of pig-iron. The silica is derived from silicide of iron. 
It is evident from diW considerations that chemical analysis can never afford a 
perfectly exact picture of the individual compounds present in meteoric iron. 

Mmiy specimens of meteoric iron, when polished and afterwards etched with an acid, 
exhibit on their surface 4 )eculiar crystalline configurations, called ‘ Widmanstadt’s 
figures.’ These figures* were attributed by Berzelius to an alloy of iron and nickel 
disseminated through the mass, which alloy, being less soluble in acids than the pure 
iron, was brought to light when the latter was removed from the surface by the acid. 
But certain samples of meteoric iron, viz. that of the Cape (p. 379), and those found 
at Greenville in Tennessee and at Clairborne in Alabama, all very rich in nickel (con- 
taining from 9 to 12 per cent, of that metal), do not exhibit these figures ; hence their 
formation is much more probably due to the phosphide of nickel and iron, or Schreiber- 
site (Shepard’s Di/slytite), which, as already observed, forms the principal part of the 
residue left on dissolving the iron in acids. 

The analysis of the principal mass of the iron often exhibits small quantities of 
phosphorus, doubtless arising from partial decomposition of the phosphide by the 
acid used to dissolve the iron. 

The following are analyses of a few specimens of meteoric iron, talcc^ fipom Ram- 
m e 1 8 b e rg ’ 8 Mineralchemie (pp. 902-920). 

1. Found at Elbogen in Bohemia, and known as ‘der verwunschte Berggraf.' 
Specific gravity, as determined by different observers, 7'74 — 7'83. In the solution of 
this meteorite in hydrochloric acid, Berzelius found traces of tin and copper. Tho 
residue is a mass having a carbonaceous aspect, and consisting partly of metallic 
spangles. 

2. Bohumilitz in Bohemia. Specific gravity =: 714 (Stei nman n) ; 7 61 — 771 
(Rumler). Dissolves in hydrochloric acid, with evolution of fetid hydrogen gas ; the 
solution contains traces of phosphorus. 

3. Seelasgen near Schwiebus. Specific gravity ** 7'59 (Partsch); 7*63 — 7*1, 
(Duflos) ; 7*7345 (Rammelsberg). In the metallic mass are enclosed cylindrical 
grains of a sulphide of iron, of brownish-yellow colouir, specific gravity 4 787, quite 
insoluble in hydrochloric acid, and containing, according to Ramme lab erg’s analysis, 
76*37 per cent, ferrous sulphide, 0*71 sulphide of copper, 2 73 chrome-iron, and 19-83 
nickel-iron ( «» 98-64). 

4. Krasnojarsk in Siberia. Discovered in 1772 by Pallas, and hence called the 
* Pallas mass. The best known meteorite of the class, consisting of metallic nickel-iron 

mixed Vitk olivin and a little sulphide of iron. ^Specific gravity =» 7*78 — 7*84 (Rnm- 
ler). The residue insoluble in hydrocliloric acid contains, besides charcoal, a heavy 
substai^oe having the metallic lustre and Appearing distinctly crystalline under the 
mierpscope. 

61 Cosby’s Creek, Cooke County, Tenn^ee. Specific gravity =7*26 (Rumler); 
7*257 (B ergem ah n). The residue, according to Bergemann, is ablack powder amount- 
ing ^j|^^75 pe^ cent, containing yellow shining magnetic laminae and a black coaly 

6. B^aunau in Bohemia. Fell on July 14, 1847. Specific gravity ■■ 7*714 
(Beinert). The insoluble residue is a mixture of an amorphous coaly powder, with 
greyish-white, metallic-shining, strongly magnetic laminae. lu tho mass is imbedded 
a magnetic sulphide of iron, which dissolves in hydrochloric acid without separation 
of sulphur, but leaves ve^ small quantities of charcoal and chrome-iron. 

7. Coahuila in Mexico. A mass weighing 262 pounds. Specific gravity = 7*81. 
The phosphide is said to amount to 1*66 per cent 

8. Atacama in Chile. Specific gravity = 7*89. The cavities contain a brownish- 
white silicate of calcium and iron, containing phosphoric acid (j^rhaps olivin). 

9. Kiakornak in Greenland. Specific gravity = 7*073. When dissolved it gives 
off hydrogen gas containing sulphur and carbon^ and leaves at first a crystalline 
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powder, which afterwards disappears, leaving nothing but carbon. Thm cprstallioo 
powder is not the ordinary phosphide of nickel and iron, but a carbide of iron ooii- 
tuining from 7’23 to 11'06 per cent. carl>on. The residue insoluble in hydrochloric 
lalsc * ' ’ . = —11.. = -1 


acid 


Id also contains traces of earths reacting like yttna and zirconi^ 

10 Cape of Good Hope, near the Sunday and Iluahrnan river, opeciflc gravitpr 
« 6'63— 7*94 (Eumler) ; 7'66 (Wehrle). The residue consista, according to Un- 
ooechea, of brownish -yellow and colourless granules ; according to IJockmg, of phc^hidc 
of uickeland iron. This meteorite is one of those which do not exhibit any. Widman- 
•tattian figures when etched with acids (p. 378). 

• With magnwluin. t Wiib calciutn uad arwnic. 
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11, 12, 13. From the Valley of Toluca, near Xiqufpilco, in Mexico, where 
numerous masses of meteoric are found, of various sizes, and often converted into 
ferric hydrate, even to the middle of their substance. According to Kranz, many of the 
lumps contain, in cavities on their surfaces, magnetic oxide of iron, both massive and 
crystallised, and apparently not resulting from recent oxidation ; also graphite, sulphide 
of iron, and laminse of nickel-iron-phosphide. 

Analysis 11 is of a lump weighing 13 lbs., which gave off sulphydric acid when 
dissolved; 12 of a mass weighing 220 lbs., much oxidised ; 13 of a less oxidised mass 
weighing 5^ lbs. 

14. Zacatecas in Mexico, with sulphide of iron disseminated through it. Specific 
gravity » 7*48 (Bergemann); 7'3o (Rumler). Dissolves in hydrochloric acid, 
with evolution of fetid hydrogen gas. 

15. Also from Zacatecas. Soft, tough, difficult to break, with distinctly laminated 
structure on the surface. The residue, insoluble in dilute hydrocldoric acid, consists of* 
a small quantity of a black flocculent substance resembling graphite, but dissolving in 
strong hydrochloric acid with evolution of sulphydric acid,— and of nickel iron-phosphide 
containing 75*02 Fe, 14*52 Ni, and 10*23 P. Muller (Chem. Soc. Qii. J. xi. 236) 
regards this meteorite as distinct from that from the same locality analysed by Berge- 
mann (14), inasmuch as the latter contains neither carbon nor chrome-iron. 

2. Meteoric Stones. 

This name, as already observed, is applied to meteorites consisting wholly, or for the 
most part, of earthy minerals (silicates). The older analyses of these stones by 
Howard, Klaproth and others, determined merely the entire chemical constitution 
without regard to the possible existence of different minerals in the same stone ; but 
the later researches of Berzelius, Gustav Rose, Ramraelsbcrg, &c., have shown 
that meteoric stones are mixtures of certain silicates, viz. olivin, augito, labradorite, 
&c., with or without meteoric iron. In some few cases, the mineralogical constituents 
of a meteorite can be distinguished by physical examination; thus Gustav Rose 
showed that the meteorite of Juvenas contains magnetic pyrites, augite, and a felspar 
resembling labradorite, and determined the form and other properties of these 
minerals. But generally speaking, the individual constituents of the meteorite are 
not recognisable by the sight, even on microscopical examination, and can only be 
determined by chemical analysis. If the stone contains only two minerals, one of which 
is decomposible by acids, while the other is not, the determination of their nature is 
comparatively easy and certain ; but if both are attacked by acids with equal facility, or 
not attacked at all, or if the stone is a mixture of three or more minerals, chemical 
analysis can only show what minerals i^rohahly exist in it. 

The following are examples of meteoric stones whose constitution has been most 
accurately determined : 

a. Containing Meteoric Iron. 

1. Chantonnay, Depart. Vendee. Fell on August 5, 1812. Ground-mass partly 
black, partly grey, with black streaks. Specific gravity «3*46 — 3*48 (Rumler). The 
silicates of this meteorite consist of 51T2 per cent, olivin, 38*01 augite, and 10 01 
labradorite ( = 99*16), (Rammelsberg.) 

2. Seres in Macedonia. Fell in June 1818. Dark grey mass, of .specific gravity 
3*71 (Rumler). Consists of a mixture of silicates, in which arc imbedded a mineral 
resembling olivin, niekel-iion, and magnetic pyrites. (Berzelius.) 

3. Blansko in Moravia. Nov. 25,18^. Dark grey; specific gravity *= 3*70 
(Rjimler). From an analy.sis by Berzeliua, Rammelsberg calculates the composition 
atfl|||jL3^I>er cent nickel-iron, 2*97 sulphide of iron, 0*63 chrome-iron, 35*18 olivin, 
33w augite, and 17*30 labradorite. 

4 . Chateau-Re nard. Depart. Loiret, in France. June 12,1841. Grey; specific 
gravity ‘*=3*66 (Dufr5noy); 3*54 (Rammelsberg). Consists, according to Du- 
fr5noy, of 50 percent, olivin, and about 10 per cent, nickel-iron, the remainder appearing 
to bo made up chiefly of augite and labradorite. 

5. Utrecht (Ijouvenhautje near). June 2, 1843. Ground-mass nearly white, fusible, 
Sj^ecific gravity, 3*67 — 3*65 (Baumhauor). Consisto, according to Baurahauer, of a 
mixture of olivin, augite, oligoclase, nickcl-iron (10 per cent), and magnetic pyrites. 

6. Klein- Wenden, near Nordhausen in the Hare. Sept 16, 1843. Grey ground- 
mass, intermixed with yellowish-green and black grains. Specific gravity = 3*7006 
(Rammelsberg). Consists, according to Rammelsberg, of olivin, augite, and labra- 
dorite, in which are imbedded nickel-iron (about 20 per cent.), and a small quantity of 
pyrites (magnetic pyrites or protosulphide). 

7. Montr5jeau (Clarac, Ausson), Depart de la Haute-Garonne. December 9, 
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!858. Greyish- whit^ ground -miwa, interspersed with numerous brownish round 
granules of various suces, and greyish-white maguetie metallic granules and lamiiue. 
Specific gravity = 3*30. (Filhol and Lemeyrie); 3*60 (Chancel and Moi- 
t easier). Contains, according to the latter, 10 04 per cent, matter attracted by the 
magnet (= 8*36 Fe, 1*56 Ni, 0 07 metallic phosphides, 0*06 adhering ferrous sulphide), 
1*71 chromo-iron, 6*72 ferrous sulphide, 45*08 oUvin, and 37‘6l febpar and hornblende 
(Jahresb. 1869, p. 850.) 

$. JVithout JlTf^forfc Iron. 

1. Stannern in Moravia. May, 22,1808. Specific gravity 319 (Vauquelin); 
3 0i__317 (Kumler). Consists, according to Rammelsberg, of 66*15 percent, augite, 
34*92 anorthite, 0*98 magnetic oxide of iron, and 0*54 cbromo-iroii (~ 101*59). Tho 
augite contains 1 at. magnesium to 2 at. calcium and 3 at. iron. 

• 2. Juvenas, Dept. Ardeelie, France. Juno 3, 1821. Specific gravity «* 311 
(Rumler). Consists, acconUng to llammclsbcrg, of 62*65 per cent, augite, 34*66 
anorthitc, 0*60 apatite, 0*25 titanito, 1*35 cbromc-iron, 1*17 magnetic oxide of ir\)n, 
and 0*25 magnetic pyrites (*= 100*83). 

3. Jonzac, near Barbezieux, Dept, do la Biis.sc-Cbarcnte, France. Juno 13, 1819. 
Specific gravity = 3*08 (Rumler). Resembles the preceding in proiierties and 
composition. 

4. Lontalax, near Wiborg, in Finland. De<N'ml)er 13, 1813. Spc'cific gravity 
3*07 (Rumler). Contains, aocurding to BoraeliuH, magnetic iron ore, and silicates, of 
which 93*65 per cent consist of a silicate deeomjH^.vihlo by nitro imiriatic acid, and 
having the composition of olivin (containing 1 at. iron to 2 at. magnesium), with 
traces of copper, tin, and alkali-met aKs, and 6*45 of a silicate v>f aluminium, iron, 
manganese, and calcium, the composition of which has not been determined ; also a 
binall qliiintity of chrome-iron. 

5. Bi shops ville, South Carolina. March 181,3. A very peculiar stone, consisting 
for the most part of a white mineral partly erystallisid and apj»ar<>nlly monoclinic. 
Specific gravity = 3*116 (Shepard); 3 039 (Waltershau sen). Melts before tlm 
blowpipe to a white enaintd. Contains also small quantities of magnetic pyrites and 
ferric oxide imbedded in the mass. An analysis of the white mineral by Waltera- 
liau.sen gave 67*14 per cent, silica, 1*43 alumina, 1*70 ferric oxide, 27*11 magnesia, 
1*82 lime, and 0 67 water, whence it appears to consist essentially o< chladnito, 
2MgK).3SiO^ 

A minenil, perhaps identical with this, obtained from a mass of iron said to bo from 
the neighbourhood of Grimma, w’os doscribed 30 years ago by Slrorneyer. 

6. Concord, New Hampshire. White porous ma-ss, which melts on the edges before 
the blowpipe, colouring the flame yellow, (’onfains, aeconling td B. Silliman, HI *97 per 
cent, silica, 12*07 and 2*22 soda, an unu.sual compo.sition which may be represented by 
the formula Na'O. lSiO* + OMg^O.iSiG* ; considere<l doubtful *l)y Rammelsberg. 

7. Bokkeveld, Cape Colony. October 13, 1838. Soft black mass with a few 

liglitt'r ])oint.s. Emits a bituminous odour wlien heated, and contains a resinous or 
waxy 8ub.‘<tuncc soluble in alc*ohol, which c.asily melts and cliurs. Wljen ignited in 
contact with the air, even after being fn-ed from the resinous substance, it burns and 
gives off a quantity of carbonic anhydride, erpiival^ iit to 1*6 per cent, carlwn. It there- 
fore cont.ains carbon, to which in fact if.s black c(»Iour is It contains wafer, <*ven 

after drying at 100®. It also yields wlien Jieafcd a small quantity of sublimate eon- 
taiuing sulphate of ammonium. Jt nef.s but slightly on the magnetic needle, and 
therefore contains Imt little rnagnef ic iron. It contains 3 8 j>er ccuit. snljihur, but <ioe« 
not give oflf any sulphur wlien heated, or evolve suljJiydric aciil gas when tremted W'ith 
hydrochloric acid : hence it cannot contain either ir*.n pyrites, magnetic pyrit /C^jOr 
ferrous sulphide. Wohler considers the sulphur as belonging to a sulphide of laMfl 
and iron, Nl*S.FoVS*, which requires 1*3 niekel to 2*6 iron, quantities ngraeing Wth 
those found by analysis. From an analysis by Harris, made under Wohler's direction, 
Rammelsberg coneludes that the stone contains 6 94 per cent, nickel-iron-sulpbide, 
1*11 chrome-iron stone, 84*32 olivin, 6*46 undecomposible silicates, and 1*92 carbon 
and bituminous matters. 

8. Kaba, near Debreezin, in Hungary. April 15, 1857. Dark grey, earthy ground- 
mass, containing white and greenish grains, resembling olivin, also numerous black 
spherules, very brittle, hollow within, and consisting of a colourltots crystalline mineral 
and a black mineral. The ground-mass exhibits nothing metallic, but yields a small 
quantity of iron to tho magnet. Its comfKwition, arconling to Wohler’s an.dysis, is 
similar to that of the preceding, with addition of 3*66 per cent, m^etic pyrites. 
When ignited in oxygen gas, it gives off carbonic anhydride, together with a little water 
and a crystalline sublimate. Alcohol extracts from it a white carboniferous substoncs 
resembling paraflin and scheererite, very fusible, partly volatile, partly decomposed by 
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heat, with separation of carbon. When the pulverised stone, freed from this substance 
by alcohol, is toited in oxygen, it toms brown and gives off water, even after it ha? 
been well drie£ 

9. A la is, Dept, du Gard, Prance. IHay 15, 1806. Black friable mass, which breaks 
up in water to a greyish-green pulp, baring a strong argillaceous odour, and becomes 
covered with saline efforesences when exposed to the air. Water dissolves out 11-5 
per cent, of the stone, consisting chiefly of alkaline and earthy sulphates resulting from 
oxidation of sulphide of iron contained in the stone. The powder, after exhaustion 
with water, yields by distillation 0*96 per cent, grey sublimate, 4*33 carbonic anhydride, 
6*58 water, and 88*16 fixed residue, consisting of effloresced olivin and partially oxidised 
magnetic iron ore, together with a silicate undecomposible by acids, and containing 
magnesia and ferrous oxide, with small quantities of alumina, nickel, tin, and copper. 


From all that is at present known respecting the constitution of meteorites, Rammels* 
berg draws the following conclusions : — 

Meteoric iron consists of an alloy of iron and nickel (the latter generally 
amounting to 6 — 9 per cent, or 1 at nickel to 10 — 15 at iron) mixed with nickel-iron- 
phosphide or Schreibersite, sulphide of iron, carbon, carbide of iron, and chrome-iron, 
sometimes also with olivin and magnetic oxide of iron. 

Meteoric s ton os. (^.) Most of them contain more or less meteoric iron, imbedded 
in a ground-mass, probably consisting of olivin, augite, and labradorite. Stones of 
this class are rich in iron and magnesium, poor in calcium and aluminium. 

(6.) A smaller number, containing no meteoric iron, may be subdivided into — 

o. Containing olivin. These consist of olivin probably with augite and labradorite, 
and contain magnetic oxide of iron, sulphide of iron (meteorites of I^intalax, Bokkeveld, 
Kaba, Alais). 

/8. Not containing olivin. They consist of augite and anorthite, together with 
small quantities of sulphide of iron, magnetic oxide of iron, and chrome-iron (meteo- 
rites of Stannern, Juvenas, Jonzac). They are rich in calcium and aluminium. 

y. The meteorite of Bishopsville consists mainly of a silicate called chladnite, having 
the composition 2Mg0.3Si0*. 

Shepard (Sill. Am. J. [2] ii. 377 ; vi. 402; xv. 363) mentions also a number of 
other minerals, some of them quite new, as existing in meteorites ; but their existence 
is by no means satisfactorily established. 


Meteorites are covered over their entire surface, except where recently fractured, 
with a thin black, more or less shining crvist, which, on closer examination, presents 
a fused slag-like appearance. It is doubtless produced by the strong but transient 
heating which the meteorite undergoes during its rapid transit through the earth’s at- 
mosphere. This rise of temperature, which is further indicated by the luminosity of 
those meteorites whose fall has been observed, and by the fact that some of them, on 
reaching the earth, have been found in a heated and even incandescent state, may bo 
attributed, in part at least, to the friction of the stone against the particles of the air 
which it meets in its rapid passage. 

Liquid or gelatinous masses called meteoric mud {Mitcorschleim)hare sometimes 
been observed to fall ; but their chemical constitution has not been examined : they are 
said indeed to consist of volatile substances which cannot easily be prtiserved, and alto- 
gether the accounts respecting them are very vague and unsatisfactory. A mass of this 
kind which fell near Gotha in the year 1815, is ^escribed as of gelatinous consistence and 
of dark grey colour by moonlight. It smelt like liver of sulphur, and when held in the 
observer’s hand, melted to a thick liquid which quickly evaporated, diffusing a strong 
odk)ur like that of burning sulphur and phqiSphorus. (Handw. d. Chem. v. 224.) 

The so-called meteoric dust {Meteorstaub), which has sometimes been observed 
to fall from the air on ships at a considerable distance from land, is in all probability 
of terrestrial origin. Gibbs (Pogg. Ann. Ixxi. 367) found in a specimen of such 
dust which fell on a ship in the Atlantic Ocean (after deduction of 18*53 per cept. 
water and organic matter), 45*58 per cent silica, 20*55 alumina, 9*39 ferric oxide, 
4*22 manganic oxide, 11*77 calcic carbonate., 2*21 magnesia, 3*646 potash, 2*33 soda, 
and 0*31 cupric oxide. Ehrenberg has detected infusoria in some specimens of 
supposed meteoric dust, and supposes that it is transported from one part of the earth 
to another by violent storms. It may sometimes also be of volcanic origin (i. 420). 

For further details respecting the chemical constitution of meteorites, see Bam- 
melsberg’s MineraJehemie (pp. 901-952). 

On the physical and chemical constitution, classification, &c. of meteorites, see the 
following works ; 

Par tsch. — Die Meteoriten, oder die vom Himrnd gefaiUnen Steine und Eisenmassen, 
imk. k. Hof- Miner alien Cabincite eu IVien, 1843. 
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C. TJ. Shepard. — Btsport on American MtUontee (firoiii SiUimaii'a JounialX New 
haven, 1848. 

Beichenbach. — Anordnung und EinthHiung dcr Mcteoriten (Poggendorff *• 
Annalon, 1869, cvii, 166). 

K P. Harris. — The Chemical Constitution and Chronological Arrangement of 
Meteorites, Dissertation, Gottingen, 1869, 

Gustav Rose. — Beschreibung und Eintheifung der McteoriUm auf Orund der Samm* 
lung im min ralogischm Musettm su Berlin ^us den Abhandlungen dor konigl. 
Academie der Wissenschaften zu Berlin, 1863), Berlin. 1864. 

A chronological list of meti’ornos from the earliest records down to a.d. 1824, is 
given in the Annaks de Chi/nk, tome xxx., and in lire’s Dictionary of Chemistry, 
3rd. ed., pp. 619-624. 

aCl»THA.Xi. Syn. with MyiiiSTic Au'ohol. 

JMISTBn>B, AliITMXXrxO. AIC»1P, or AlMe*. (Buckton and Odling, Proc. 
Royal Soc. xiv. 19.) AVhen mercuric mctliido and excess of aluminium clippings inm- 
taiiKHl in sealoti tul)e8 are Ijcated tVir some Ijours in a water-bath, the mercury com- 
pletely replaces the aluminium, thus; 

allgMe* + AP « 2AlMe« Ilg». 

By rectification out of contact with air, the aluminic mothide is obtained as a colour- 
less mobile liquid, which at a little above (P congeal.s into a transparent crystalline 
nn\s8. It Ixiils steadily at 130^. .\t and above 220° its vajxmr-donsity wjis found to 

bo 2*8, the thcort'ticnl density w\lculat«Hl for the forinulie AlMe* Insing 2*6. But its 
density corrected for expansion, increaseB rapidly with every decn'ase of tiunpemtim', so 
that at 160° — 163° it becomes 3*96 or 41 ; while at its boiling i>oint 1 it is as high as 
4*4, which approximates to the theoretical d< nsity 6 0 c.ilculat<‘«i for the fornuda APMe". 
Aluminic methido takes fire spontnncwaisly on ex|x»sure to air, burning with a very 
smoky flame and prcxlucing alaindant fi«a‘culi of alumina discolouroil by soot. By a 
regulated exposure to dry air, it ab.sorbs oxygon, with product ion of a body apjMirently 
analogous to iKjric dioxymethido (p. 986). It is d(H'om|K)sed by water with explosjve 
violence, and reacts with i(Klino to form iodo-derivalives and i^xiidc of nu thyl. 

Aluminic othido, AIK*, is made by a precisely Kimilnr piiw^ess, using morcuric 
ethide instead of mercuric methidc. It is a colourless li(jui<l which does not 
sfdidify at — 18°. It boils at 191°, and its vup(air-d<'nHity tiCken at 234° was fiaind to 
bo 4*6, the theoretical density calcuhitwl for the formula AlKt* laung 3*9. 'I'he excess 
of the oxj>crimental over the cnlculaUHl density was obviously due to some unavoidable 
oxidation of the sybstanco examined. Aluminic ethide takes lire sjMintanoously on ex- 
po.sure to air, and in its other chemical projK^rties closely resembh's the methyl com|Mmnd. 
< labours (Ann. Chim. Phys. [3] Iviii. 6) ohserytsl tliat aluminium was attacked by the 
iodides of methyl and ethyl at 109°— 130°, and that the crude othylat<*d product re»u*tt«l 
violently with zinc-chloride to form a very inflammable liquid which was d<ad)tless 
aluminic ethide. 

It is worthy of note, that the vaiX)ur-voIumo8 of aluminic ethide (AllC* 2 vols,), 
and of aluminic methido at 220° and upwards (AlMe* » 2 vols.) are discordant with 
the vapour-denfiity of aluminic chloride as determined by Devi lie (AllCl* - I vol.) ; 
but that the vapour- volume of the methide taken at 130° ccjrres[)onds very nearly there, 
with. Hence li would seem that the only observed volume of the chloride, like th# 
volume of the methide at 130°, is anomalous, probably in ronseqnenco of its vaf)^)ur not 
having been sufficiently heated to acquire that perfection of elasticity under which alone 
the bulk of a vapour is regulated by the physical laws of temperature and nressiirs 
affecting gases, 

aUITBZ3>ll« BOBXC. See Mbthtt., Boninit of (p. 384). 

BXBTBXBB, MBBOITBXO. See Mkrcuky-kadici-ks, OnoANic (p. 927). 

MBTBXBB8, FXttTMBXC. See Lr AD- RADICLES, Ougamic (p. 603). > 

BCaTBXX>B8« STAmriC. S<>o Tin-radiclbs, Oroamic. 

w<rw i THT4>FTf^ AOXX>« An acid obtained decomposing neutral sulphate of 
ethyl with water (Liebig). It has been shown by Buckton and Hofmann (Ann. 
Ch. Phann. c. 163) to be identical with disulphometholic acid, CH<S*0*. (S<m? Sulfuu- 
BOU8 Ethers) 

^ B Tff O X A COTXC ACX3>. Syn. with MBTHYL-OLYCOLLfC Acid. (See Glycol- 
uc Ethers, ii. 916.) 

HBTHFXillBtBBTHTB. Syn. with PlumbotrimethyL (See LBAD-aADiOi.w^ 
OsoAKio, p. 663.) 

P ffB TBffT A yiE Wf rx., Sec Tijc-radiclss, OROAHia 

MamnbXBVB, abtb acBTBirxdMtxc aoxxi. (£. Hardy, Boll Soe, 

vou ui. 3 a 
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Chim. do Paris, 1862. p. 29, Jahresb. 1862, p. M8.) These are brown «n(^staUisabl, 
S^ces. resembliag the nlmie compounds produced by the action of sodium and n,,. 
thXalcohol on chloWom. The immediate p^ucts of the reartion are chlorome. 
thulmic acid and its sodium-salt, together with marsh-gas, carbonic anhydride, fte, 

h vdrofifeiii and chloride of sodium ; 

4CHC1‘ + 6CH*0 -h Na“ = + C^H^NaClO* -t CH* + CO* 4 

Chlorome- Chloromethuh 
mate of so- 
dium. 


Chloro- 

form. 


Methylic 

alcohol 


Chlorome 

thulmic 

acid 


lONaCl. 


aciu. 

Chloromethulmi c acid is black, semifluid, has a pungent odour, and is soluble m 
By boiling withpotasA, it is resolved into methulmic acid, C*H*0*, and dioxy- 

methulmicacid, 


2C‘^H^C10* + 2KHO 


QKCA 


nsjTsnt 


Methulmic acid is dark yellow, soluble in ether, uncrystallisable. It is converted 
by broTiiine into black, semi-fluid dibromomethulmicacid, C*H“Br*0*, which when 
tn?ated sulphuric add at 60°, is resolved into carbonic anhydride and dibroraide 
of hypomethulmene, CWBr*, a yellow-brown solid substance, ^luble in ether. 

Dioxymethulmic acid, C‘1P0\ is black, uncrystallisable, insoluble in ether, 
•oluble in alcohol. . , 

Chlorethulmio acid, C«H»C10*, and chloramylulmic acid, C*H*HjlO», are 
produced in like manner by treating chloroform with sodium and ethylic or amylic al- 
cohol, and from these may be obtained derivatives similar in properties and homologous 
in composition to the methyl-compounds above described.— Dibromethu Imic acid, 
OH*Br*0* heated to 60° with stdfhuric add, is resolved into carbonic anhydride and 
dibromide of methulmene, C*H“Br*, a brown-yellow substance, newly insoluble in 
alcohol, but soluble in ether. It is converted by fuming nitric add into pale yellow 
n i t r o b r 0 m i d e o f m e t h u I m e n e, C»H N 0*)Br, precipitable by water, and by boiling 
potash-lye mto broraomethuimen e, CTl’Br, a black substance insoluble in acids 
and in alcohol, soluble in ether. 

Compounds similar to the preceding are said to be formed by treating chloroform 
with sodium in conjunction with aldehydes, acetones, &c., and even when the chloro- 
form is replaced by certain other compounds, especially the chlorides of carbon. It 
must be observed, however, that the composition of the majority of the compounds 
above mentioned has not been establish^ by analysis, and therefore their formulw 
must be considered doubtful, especially as none of them have been obtained in the 
crystalline form. 

MCSTBYla. CH* ; often denoted by the shorter symbol, Me ; in the free state, 
» Me'-*. The first of the series of alcohol-radicles, bearing the same 

relation to wood-spirit that ethyl (C*H‘) bears to common alcohol. 

Frank land and Kolbe, in 1848 (Chem. Soc. Qu. J. i. 60), by decomposing cyanide 
of ethyl with potassium, first obtained a gas having the composition CH* or C*H*, 
which they regarded as methyl. Kolbe, in the following year ii. 173), obtained 
methyl by the electrolysis of ac« tic acid ; and Frankland {ibid. ii. 297) afterwaHs 
prepw^ it by the action of sine on iodide of methyl. From certain dififerences which 
ne observed in the action of chlorine on the gas obtained by the first method, and that 
obtained by the second and third methods, Frankland concluded that the two were 
not identical but only isomeric, and that the latter was the true methyl, while the for- 
mer consisted of hydride of ethyl, C*HMI>but the recent experiments of Schorlem- 
mer {vid. inf.) have shown that the prpducts obtained by the action of chlorine on the 
gases prepared by these several methodt are really the same ; whence, as no other dif- 
ference has yet been observed between the two, it may be inferred, as mc»t probable, 
that methyl in the free state is not only isomeric, but identical, with hydride of ethyl. 
(See Hydrides, p. 182.) , , . 

Preparation. — 1. By ihfi electrolysis of Acetic add . — When a concentrated solution 
of acetate of potassium is subjected to the action of the electric curre.nt, a number of 
gaseous products are evolved, vis, carbonic anhydride, hydrogen, an inflammable, in* 
odorous gas, and a gas which smells like ether ; the last is completely al^rbed by sul- 
phuric acid (if the smallest Quantity of chloride of potassium be present in thesclution^ 
chloride of methyl is formed). The gaseous mixture thus evolved, after being freed 
from carl>onic anhydride, contained in one experiment, in 100 volumes: 0*7 voL 
oxygen, 63*8 hydrogen, 32*6 methyl, 2*1 oxide of methyl, 0*8 acetate of rneth;^! ; in 
another experiment, 66 vol. hydn^n were obtained to 28 methyl. If the solution of 
acetate of potassium be divided by a porous di^hragm> bo that the^ gases evolved at 
the two poles may be collected separately, nothing but hydrogen m evolved at the 
negstiva pole, whue at the positive pole there is evolved a gaseous urixtinv which. 
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m 


after being treated with ^taah and with eulphurio add, leates nothing bat metl^l 
mixed with a amall quantity of oxide of methyl The decompoeition ia exproMod by 
the following equation : 

2C*n*KO* -»• H*0 - C*H* + CO* + K*CO» > H*. 

2. By decomposing iodide of metkyl with xtW, the mode of ooerating bein^ «xa<^y 
similar to that alre^y deecribed for the preparation of ethyl ftom etliyho iodide 
(ii. 524). 

If methyl be really identical with hydride of ethyl, wo must add to those methods 
those alro^y given for the preparation of the latter (ii. 633). Schorlemmor prepares 
it by tlie action of strong sulphuric acid on mercuric othide (^p. 925). 

Properties , — Methyl is a colourless and odourless gas which bums urith a bluish 
foebly luminous flame. It is som<>what soluble in alaM, less soluble in water (set^ 
Uasks, Absorption of, ii. 797). It is perfectly indifft^rent to the gn^ter number of 
reagents. When mixed, either in the moist or dry state, with nn equal volume of 
chlorine^ it yields hydrochloric acid and chloride of ethyl, C4PC1, together with a 
small quantity of monochlorinatcd chloride of ethyl, C’ll^Cl* (Schorlemmor, Proc. 
Roy. Soc. xiii. 225). These rt'sults w('re obtained with methyl prt'part'd by tlie elec- 
tmlysis of acetic acid ; and exjictly the same products are formed by the action of 
chlorine on pure hydride of ethyl prepared by the action of sulphuric acid on mercuric 
ethide (Schorlemmor, Chem. Soc. J. xvii. 962). If tlie chlorine is usihI in excess, a 
larger quantity of the monochlorinatcd chloride of e\liyl is obtained. 

MBTSnrXi, AWXMON'ZBBB OF. See Antimony* radiclks, Oroakio (i. 344). 

MXTH7B, AXtBBirZDSS OF. See Ausrnic-rai)IC 1 .B 8 , Ouoanic (i. 400). 

MBTHn, BO&ZDXl OF. Boric Mtt hide. Bormtthi/l. B(Cll’')*. (Fran k Ian d, 
Phil. Trans. 1862, p. 176; Chom. Soc. Q,u. J. xv. 373.) — A gas«M)us com|K)und homolo- 
gous with boride of ethyl (ii. 526), produced by the action of zinc-methyl on borate of 
ethyl : 

2B(C^H*0)" -f 3Zn"(CH»)» « 2B(CH»)» 3Zn"(C’n»())’. 

TrlKliylic Zinc- Horic KthvU(« 

borate. methyl. invthiiie. of zinc. 

Preparatimi . — About two ounces of boric other w<to mixinl in a small flask with 
rather more than their own bulk of an ethereal solution of zinc-rnetliyl, of such strength 
as to bo spontaneously inflammable in a high degree. The flask, loosely corkwl, was 
placed in ice-cold water, and allowed to stand for a counlo of hours until the nation 
was complete: it was then furnished with a bent tube passing tlirough a cork, to 
conduct the gas into a second flask placed in a freezing mixture of ice and salt; 
from this flask the gas passed into a thinl containing about half an ounce of strong 
solution of ammonia. The air in the whole of the apparatuH was now displaced by 
nitrogen, and the flask containing the boric ether and zinc-methyl r<*moved from the 
ice-cold water. A slow evolution of gas immediately commerced, and was kept up at 
a convenient speed by plunging the generating flask into cold water, 1^ which heat was 
very slowly -ipplied. The gas, in passing through the freezing mixture, deposited 
nearly the whole of the ether and zinc-methyl vapour with which it was contaminated ; 
and on reaching tbe solution of ammonia, the boron -com ynmnd was instantanwaisly 
absorbed, whilst other gases, if prewTit, passed through the ammonia unacted upon, 
and escaped into the atmoenhere. The solution of ammonia soon beesmo covered with 
a stratum of a lighU r liquid, which increased in quantify until the stream of giisceawd 
to pass through. The ammonia-flask was now disconnected from the rest of the appara- 
tus, and reserved for the next operation. The residue in the generating flask solidified 
to a crysUlUno inafs on cooling. 

To nisengage the gaseous boron-compound from its combination with /immonia, tho 
ammonia-flask waf< fitted with a funnel-tube terminating beneath the surface of the 
liquid, and a gas-deliveiy tube, the latter leading to a Liebig’s potash -apparatus 
charged with concentrated sulphuric aci<l ; finally, the opposite extremity of the latter 
apparatus was connected with a mercurial pas-holder. To prevent dangerous expUsrions, 
on the elimination of the spontaneously inflammable gas from its ammoaia-oompound, 
the whole of the air-spaces of the apparatus were filled with nitrogen. Everything being 
thus prepar^, dilute sulphuric acid was gradually poured into the amraouia-flask through 
the funnel-tube, the contents of the flask being frwuently agitated. No gas was evolved 
until the excess of ammonia was saturaUd ; then, however, it was given off abunxlantly, 
and the addition of a few drops of sulphuric acid, from time to time, through the 
funnel-tube, served to keep up a convenient current. The gas was allowed to pass 
freely through the depress^ mercurial gas-holder until a sample of ii woTed, by its 
perfect solutioa in anunonia, that all nitrogen had been swt^ from the apparatua. 
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The exit-tube of the gas-holder was then closed, and the gaseous boric methide was 
collected. 

Properties.— Boric methide is at ordinary temporatiires a colourless and transparent 
gas, possessing a peculiar and intolerably pungent odour, irritating the mucous mem- 
brane, and provoking a copious flow of tears. Its specific gmvity is by experiment, 
1'9108; by calculation, 1*93137. It retains its gaseous condition when exposed to a 
cold of 16° ; but at 10°, and under a pressure of three atmospheres, it condenses 
to a colourless, transparent, and very mobile liquid. It is very sparingly soluble in 
water, but very soluble in alcoJiol and in ether. In contact with atmospheric air, it 
takes fire spontaneously, burning with a bright green flame, which is very fuliginous if 
the volume of the flame be considerable. If the gas issues into the air through a tube 
^ of an inch in diameter, the amount of smoke is surprisingly great, two or tliree cubic 
inches of gas, when consumed in this way, filling the atmosphere of a capacious room 
with hirge comet-like flocks of carbonaceous matter. This effect is probably duo, i« 
part at least, to the formation of a superficial coating of boric acid, which envelopes the 
particles of carbon and prevents their combustion. When suddenly mixed with at‘ 
mospheric air or oxygen, boric methide explodes with great violence. In contact with 
air, both boric methide and the vapour of boric ethide exhibit two distinct kinds of 
spontaneous combustion. Thus, when these bodies issue very slowly from a glass tube 
into the air, they bum with a lambent blue flame invisible in daylight, and the tem- 
perature of which is so low* that a finger may be held in it for some time without much 
inconvenience. Under these circumstances partial oxidation only takes place, and it is 
to the products thus formed that the peculiar pungent odour of boric ethide and 
boric methide is due. When, on the other hand, these bodies issue into the air more 
rapidly, the lambent blue and nearly cold flame changes to the green and hot flame above 
mentioned. 

Boric methide is not acted upon by nitric oxide or by iodine. Solution of acid 
chromate of potassium scarcely affects it, but the addition of concentrated sulphuric acid 
at once determines the reduction of the chromic acid. When boric methide is allowed 
to bubble through water into chlorine, each bubble burns explosively with a bright flash 
of light and separation of carbon. It has no tendency to unite with acids. Con- 
centrated sulphuric acid has no action upon it ; when mixed with hydriodic acid gas, it 
suffers no change ; but, on the other hand, it is freely absorbed by solutions of the fixed 
alkalis, and by ammonia. If a very rapid current of the gas, mixed with half its volume 
of marsh-gas, be passed through a stratum of strong solution of ammonia only half an 
inch deep, not a trace of boric methide escapes absorption. 

Ammonla-Borlo Methide. NIP.B(CIU)’. — When dry ammoniacal gas is mixed 
with an o<jual volume of dry boric methide, both gtises instantly disappear, with 
evolution of a considerable amount of heat, and production of a white, volatile, crystal- 
line compound. The latter is also formed when boric methide is ptissed into solution 
of ammonia. 


It is deposited from its ethereal solution in magnificent arborescent crystals, which 
rapidly volatilise without residue* when exposed to the air. They have a caustic and 
bitter taste, and a very peculiar odour, in which both tlu* smell of ammonia and of 
boric methide can be recognised. Ammonia-boric methide fuses at 56°, and boils at 
about 110°. In a current of air, or better, of carbonic anhydride, it sublimes at a very 
gentle heat, and condenses in magnificent arborescent crystals. 

Its vapour-density is found by experiment to be 1*25, indicating that the molecule in 

m + 11^ 3. IS ^ ^ 

4 ) 


the state of vapour occupies four volumes 


a result probably due, as in other cases, to the decomposition of the vapour at high 
temperatures (i. 469 ; ii. 816). 

It scarcely absorbs a perceptible amount of oxygen at ordinary temperatures, even 
after several days’ exposure to the gas, but takes fire below 100°, when heated 
in contact with the air. Its vapour is also very inflammable ; thus when ammonia- 
boric methide is placed under the receiver of an air-pump, and the air is being With- 
drawn, the explosion of the mixture of air and vapour in the cylinders of the pump is 
frequently determined by the rise of temperature consequent upon the depression of 
the pistons when the rarefaction has become considerable. 

Boric methide is also absorbed by aniline with great avidity. Acids expel the gas 
from this compound unchanged. 

Trihydride of phosphorus has no action upon boric methide. A mixture of equal 
volumes of the two gases is spontaneously inflammable, burning with a yellowish-white 
flame, in which the characteristic green tinge attending the combustion of boric methide 
is no longer perceptible. 

Compounds of Boric Methide with fixed Alkalis. — Boric methide combines 
with potaah, soda, lime, and baryta. The potassium-compound KK).2B(CH*), obtained 
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by saturating a solution of caustic potash with l)oric mcthidc, drios up in vacuo to a 
gummy mass. It may also be pi^epared by di'comjKtsiug animouia>l>oric methido with 
iilcoholie potash, and evaj^Hirating in vacuo. 

The Sixlii', hurt/tic, and caiac comjx^unds are also prf^parLnl by passing boric methido 
into the caustic solutions of the respt'ctive alkalis; they are soluble in water, and ^vo 
an alkaline reaction. 

MUBTKTX^ BROMXOS OF. CH’Br. Mtik^l-hydrohronuc tth< r. Hydn)bromat§ 
of MethyUme. (Pierre, J. Phann. [o] xiii. 150; Jalm>sb. 184Y-4H, p. 672. — 
Bunsen, Ann. Ch. Phann. xlvi. 44.) — Pn*pared by mixing, at a teni^Hmiturt' of 6'^ or 6®, 
50 pts. of briDinine, 200 of nielhylic alcohol, and 7 of phosphorus. The temjHTHtur® 
then rises siKJutjineously, and the phosphorus molts. The mixture must bo cooled, 
decanted and very cautiously distilh«d. As thus obtaiinn.!, it is a colourless liquid, of 
*pt‘netrating and slightly ulliae»*ous od<»ur; boils .at l.’l^ uinler a pn^ssure of 0’759 mot, 
(Pierre). It acts violently ou ciw'tKlyl, forming bromide of cacodyl, and bromide of 
tctramethyl-arsonium (Oahours, .Tahresb. IStH. p. 554): 

2As(CII»)^ ^ iCIPPr « AslClPy^ilr f A8(Cn*)*Br. 

A gas having the composition of bnmiide of methyl, is evolved on gently heating 
basic perbrornide of cai'odyl. It has a density of 8 '253 (Bunsen, Craniometry^ p. 121), 
by calculation, 3'224 ; a faint ethereal odour, and condenses at - 17® into a t)iin, truns* 
parent colourless liquid. It burns with a yellowisli flame when mixed with air, and 
explodes violently with oxygen ou the application of flame. 

MBTBTXi, CHX.OBZBB OF. (niHh. MethyldiydroMmc Hhrr. Hydro- 
chlorateof MethyUnr. (Dumas audPeligot (1K35), Aim. Ch. Phys. Ixi. 1U3). — Pro- 
pared by heating a mixture of 2 pts. chloride of sodium. 1 pt. of wood-spirit, and 
3 pts. of strong sulphuric acid. Chloride of methyl then passes overas a gas, which may 
Is* collected over wat«r; if is, however, contaminated with woiKl-spirit, sulphurous 
anhydride, and hydride of methyl. 

Chloride of metliyl i.s a eolourless gas, having :iii ethereal (slouraud saccharine taste. 
Specifle gravity 1736. It does not coiideii.si' at — IS*^. Water dissolves 2 8 times itii 
volume of this gas at 16''\ 

(.’hh ride of methyl burns with a white flame, green at flu'i edges, producing water, 
hydrochloric acid, and carlMuiie aiihydriih*. PasH4*d through a ri‘d-hot tuhe, it is 
resolved, with slight deposition of eharcoal, into a mixture of methylene and hy«lro- 
chloric acid ; CIPCl = CH'^ + IlCl (Dumas and Pi*iigot). According to I'errot 
(Ann. Ch. Plntrm. ei, 375), it deixisits charcoal, and yields hydro^hlorie acid, marsh' 
gas, ethylene, carhonic oxide, naphthalene, and a suhstance which unites with hrornino 
into a cry.stallised compound, melting at 40^ and boiling at 220*’. When passed over 
heated potashdinu^ it yields formate and chloritle of potassium, together with hydrogen 
gas : 

CIDCl -s 2 KUO - ClIKO'^ -f KCl -f 2ID. 

When passed over pliospliide of ealeium at 200'^ or 300”, it yields a nuiuher of phos- 
pliorettcd pnalucts, some of wliieh appear to be organic bases. ( P. I iienard.) 

A gas having the same eompcjsilieui and physieal properties as the preceding wan 
obtained by Bunsen, by the action of h<*at on basic |»ercfiloride ot cacodyl. Kolho 
and Varrentrapp (Ann. (3i. Pharm, Ixxvi. 37) also ohtaiin'd a gas of the sarno 
composition, by leaving a mixture of c-qual voliimes of marsh-gaH and clilorim^ exjxjscd 
to diffuse<l daylight. (Jerliar<]t iflrudi, i. .066) reganhd the lli’st only of these 
products a.M CIDCl. the two latter as (.’HTd.H, 

Baeyer (Ann. Ch. Pliarru. evii. 181 ) finds that the gas ppfKbiccd frtun basic per- 
chloridc of cacodyl, exhibits the same <legrec of abw^rhahility in water iw that 
pirsluced by In'ating wood- spirit with salt and sulpfiurie acid, the eoctlieicnt of 
absorption f »r l>oth these gases being 5'034 at 7®; 4172 at 14”; 3 462 at 20‘^ ; and 
3 034 at 25®. .Moreover, tlie gas obtained by eitln'r of these methods forms a 
crystalline hydrate wlien passi^l into water cooled below 0”. On the contrary, the gas 
pixsluced by the action of chlorine on rnarsli-gas does not fonn a crystalline hydrate, 
and haa a much smtiller coefficient of absorption in water (0 08 at 14®). Kenc<‘ Baeyer 
concludes that the gas pnsluced by the decorrifawition of basic jsTchloride of cacodyl 
is identical with chloride of methyl, but that the gas resulting fpjw the »M;ti«m of 
chlorine on marsh-gas is a substitution prfsinct isomeric but not id<*ntieal therewith. 
According to Bert helot, on the either hand, the last-rnenti.med gas is really chloride 
of methyl, and may be converb^i into rnethylic alcohol by the action of w^tash. 

Chloride of methyl is not aftacki-d by chlorine in diffused daylight, but when 
exfiosed to the direct rays of the sun, it yields euceessively the three compounds — 
Monochlorinatfsl Chloride of Methyl ..... CH*Cl* 

Dichlorinated Chloride of Methyl, or Chloroform . . . CTICP 

Tricblorinatcd Chloride of Methyl, or Tetrachloride of Carbon . CCP 
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Monochlorinated Chloride of Methyl, CH^Cl* = C(IPC1)C1, is a very volatile liquid 
of exciting odour, similar to that of Duteh liquid. It boils at 30-5°. Specific gravity 
=r 1 344 at 18®. Vapour-density 3*012. Treated with alcoholic potash, it yields but 
a slight precipitate of chloride of potassium, and distils almost without alteration. 
(For the other chlorinated compounds, see Chlorofokm, and Carbon, Chlokides 
(i. 766 and 919). ^ 

MBTHTIh BTOKATB op. CH'O^ = ^h|0- Mrth, lie Alcohol, Wood- 

spirit, Wood-naphtha, Pyroxylic spirit. Esprit de Bais, Hohgvist, Hi)lzissigqeist.-^ 
Tliis compound was first observed by Taylor in 1812 (Tilloch’s Phil. Miig.' ix. 31.'») 
among the products of the dry distillation of w<jod, afterwards more pariicularly ex- 
amined by Pumas and Peligot in 1835 (Ann. Ch. Phys. Iviii. 5 ; Ixi. 193). It con- 
stitutes about 1 per cent, of the watery produe.ts of the (by distillation of wood ; and 
in combination with salicylic acid (as methyl salicylic acid), it forms the chief con-* 
stituent of the essential oil of wintor-green According to 

llerthelot (Ann. Ch. Pharm. cv. 241) it may be produced artificially from marsh-gas 
(that cornpouiid when treated with chlorine yielding chloride of liietliyl, which by 
i>oiling with caustic potash is converted into methylic alcohol); and as marsh-gas itself 
can bo^ formed synthetically from inorganic materials (p. 855), it follow's also that 
methylic alcohol can be obbiined by synthesis. 

Preparation. 1. Of Commercial Wood -spirit. — The crude w'atery liquid (pyrolig- 
neous acid) obtained by the distillation of wood is decanted from the tarry portion of 
the distillate and redistilled ; the first tenth whfbh passes over is n^ctified, once or 
oftener oyer slaked lime, whereupon a large quantity of ammonia is given olf; sul- 
phuric acid is then added, which unites with the r<utiaining ammonia and preci- 
pitates a certain quantity of tar; and the liquid is r.distilhd, and finally rectified 
several times over quicklime. 

riu) crude wood-spirit thus obtained has a strong aromatic odour and turns brown on 
keeping. It contains considerable quantitii-s of acetate of metliyl, acetone, and a 
liquid called lignone by Weidmann and Schwoi/or, xylite ])y V\)l ckel, the nature 
of which has given ris<' to considerable disctission. but wliich has lately been shown by 
Dancer (dhem. Soc. J. xvii. 222) to consist es.sontially of dimethyl-acetate of ethylene. 

(if Parc M thylic alcohol. To obtain nearly pure m(*thylic alcohol from commer- 
cial wood-spirit, advantage may be taken of thc^'roperty which it ^s^sstsses of forming 
w'ith chloride of calcium a compound which is not decomposed by merely heating it to 
100®, but gives oflP the methylic alcohol when dist illed with water. The crude wood- 
s()irit is saturated with fusecl chloride of <*alcium, and hi'ated over the water-bath as 
long as anything volatile is given off; it is thus frei'il from the acetone, dimethylat<* of 
ethylene, &c., whieh tlo not unite with the chloride of calcium. The residue is then 
distilled with water, and the aqueous methylic alcohol thus obtained is rectified over 
quicklime (K an e, Ann. Ch. Pharm. xix. Ifit). According to Could (Cliern. Soc. J. 
vii. 311 ) it is advisable first to distil the wood-spint with an fujual volume of strong 
j)ota.sh or sotlii-lyt*, in order to deeonipo.sw the nu t hylic acetate contained in it, some- 
times in V(>ry large (piantity, tlicn to dehydi ale w’ifh carl)onate of potassium, and finally 
saturate with chloiide of calcium as above. 

lo obtain perfectly pur<‘ metiiylic ab'ohol, how’i'ver, it is ncc(*ssary first to prepare 
a uu'thylic ether, and then separ.ite the alcohol from it by distillation with an alkali: 
tt. Oxalate of methyl is prepared by di.stilling 1 pt. wood-spirit, 1 pt. sulphuric acid, and 
2 pt«. oxalate of potassium ; the cry.stals of this ether, after being purified hy pressure, 
are decomposed I )y distillation with water, and ftie distilled methyiic aleohol is dehy- 
drated by rectification over qnieklimo (Wohler, Ann. Ch. Ihiarm. Ixxxi. 37(5), 

/J. BeinsoaU^ of methyl, prepared by passing'^hydrochlorie acid gas into a solution of 
benzoic acid in wood-spirit, distilling and pr^ipitating the jKjrtion collected al)OVc 100° 
with water, is decomposed hy several hours Iwiling with soda-lye, the liquid is tlien 
distilhxi, and the distillate rectified over quicklime. 

Methylic alcohol may also In* obtained very nearly pure by distilling oil of winter- 
green (methyl-salicylic acid) with potash or smia-lyi*, and rectifying the distillate over 
quicklime ; it ffdains, however, a slight odour of the oil. 

I^roperties , — Methylic alcohol is a colourless mobile liquid, having a purely spirituous 
odour, like that of common jdtmhol (the einpyreumatic o<lour of crude wood-spirit arises 
from the impurities). Specific gravity .-=0-8142 at 0°. It hoiU at CO® to 66-6°, according 
to the nature of the vessel, and bumps strongly during lx)iling. It burns with a pale 
tlaine, mixes with water, alc^thid, and ether, dissolves oils l>oth fixed and volatile, also 
the greater number of resins, and is therefore much used as a solvent in place of com- 
^ mon alcohol. It is also used for burning in spirit-lamps. 

The following table exhibits the strength of pure wood-spirit, according to its density, 
as determined by lire (Phil. Mag. [3] xix. 51); 
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Ftr^tentagf of Anhgdrow Meihylic aicoKol (sp. gr. 0*8136, at 15®) tff Wood^^pMt 


S|>. gr. 

P«r cent- 

.Sp gr. 

Per ctnt. 

; S*P- gr. 

Per cent. 

Sp. gr. 

Per cent. 

0*8136 

100*00 

0*8674 

82 00 

! 0*9008 

69 44 

0*9844 

53*70 

0*8216 

98*11 

0*8712 

80 64 

j 0*9032 

68*50 

09386 

51*54 

0 8*266 

96*11 

0 8742 

79 36 

09060 

67*57 

0 9414 

50*00 

0*8320 

94 34 

0*8784 

78* 13 

0*907(1 

66 -(»6 

0 9448 

47*62 

0*8384 

92*22 

0*8822 

77*00 

0 9116 

(■'500 

0 9484 

46*00 

0*8418 

90*90 

0*ti842 

75*76 

0 9164 

63 -.30 

0*9518 

43*48 

0*8470 

88*30 

0*8876 

74-1)3 

0 9184 

61*73 

0*9540 

41*66 

0*8614 

87*72 

0*8918 

73 53 1 

1 0*9218 

00*24 

0*9564 

4(>(K) 

0*8564 

86*20 

0-8930 

72-46 ; 

^ 0*9242 

58 82 

0*9584 

38*46 

0*8.596 

84*75 

0H950 

71 43 

0-9*266 

57*73 

0-9600 

37*1 1 

0*8642 

83*33 

0*8984 

70 42 

' 0*9*296 

56- 18 

0-9620 

35-71 


Methylic alwhol unites directly with som* suhstanccK, forming compounds like tho 
ttlcoholates (i. 80), in which it takes the plae«‘ of water of crystallisation. A 8t)lution of 
anhydnms (mryta in wmsl -spirit leavt .s on evaporation crystals containing lhi0.2CIIH>. 
Chloride of calcium is dissolv«l by wmshspirit with great rise of toinperaluro, and t he 
solution on cooling de{H>siLs largi' crystals tif the compound Ca(Ub4CHH), which may 
be heated t«) 100° without d6Comp(*sition, but is «leeojn[MiHtHl by water, oven at tempera- 
t.uro.s l>elow 100°, yielding a distillate of methylic alcohol. 

Dfcomvositions.— l. Vajxmr of methylic' alciihol pnasM through a red-hot tube yields* 
acetylene, together with other products (Bert helot, Compt. rend. 1. 805).— 2. Pure 
mothylic-alcolud burns in the air with a flame like that of common alcohol, without 
smoko. — 3. In contact with vlatinum-blach it is oxidised U) formic acid. — 4. Potash 
and soda dissolve in it remlily, forming soluf urns which turn brown in contact with 

tin, air. 6. Methylic alcohol mixed with sal-ammoniac and heatfsl in a sealed tube 

to 300® yields the hydrochlorates of methylamine, dimethylamine, and trimethylamimi 
(Berthelot^.— 6. Hypochlonte of calaum (bleaching iiowder) converts it into chloro- 
form (CHOP). A solution of jiotush in methylic alcohol treattnl with bromine or 
ixMiine yields bromoform or iodoform.— 7. With jwtassitm it gives olf hydrogen 
and ii converted into methylate of potaHsium, Cri’KO ; .similarly with sodium.-^ 
8. Heated with alkaline hydrates, it gives oflT hydrogen and yields a formate of the 


alkali- metal : 


CEH) + KHO - CTIKO* + IH. 


At hiffher temperatures and with excess of alkali, as when wood-spint is passed over 
rcti hot potash-lime, the formate is converted into oxalate, and ultimat.-ly into carbonate, 
each chimge being attended with evoluti<m of hydrogen (ii. 68K). 

9 Strong sulphuric and acts upon methylic, partly in the same manner as uiKin 
ethylic-alXl, producing mChyl-culphuric «cid, CHOI ..SO<, which when hcnicd in 
contact with excess of wood-spint, jnclds oxide of methyl. J he net ion which 
takes place at higher temperatures differs, however, from that which takes p iici- 
under ‘^similar circumstances lietween oil of vitriol and .1 hylic-alcohol in this 
respect, that no methylene (CH') appears to he preiueed, but neutral sulphate of 

«f** "P"”,'* with eonsideraWe 
energy each bubble of gas sometimes producing flame and defonstion, and forms hydro- 
together with several ehlorinat.d pnalnets. I'l he ehloraeetones ^metims. 
in thU reaction result in all prohabili.y fnm, 
spirit], AccordiiigtoCloer (Compt, rend xinii. B42 

product of the action is a crystalline substance, parnchloralide, C lUd O 


2CH'0 


Cl" C’HCTO -I- H'o -t «nci. 


Hromiac acts in a similar manner, producing parahromalidc. C«n]lr’f) Rich" 
ik f*i, Pheem cxii 3231 by Subjecting a mixlure of wood- spirit and hydroclilonc 
thfSn of thi'^ilSric LrA obtained a chlorin..,sl li,ui.l containing 

« 2 Pthvlic alcohol is added by drops tobrown chloruh of sulphur, SCI*, a y\o- 

1 *hvdrochlorieuci<l»ijIphur.>uHanhydride,ond vHjpour of methylic 

lentiwtmnUke«plaj, hy<^n'®^ of rbloride of fhionyl, HOCI* pasaes over, 
Sng to 80° consi8t8 of chloride of Hufphur, SW 

fhe brown chloride of aulphur, 8CF, appeam indeed to act like a mixture of S»C1* uid 
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SCI*, the former remaining unacted upon, while the hitter produces the following do 
composition : ■ 

SCI* + CH*0 = HCl + SOCP + CmCl 
SCI* + 2CH*0 = 2HC1 + SO* + 2CH*CL 

Chloride of thionyl also acts violently on methylic alcohol, producing hydrochloric 
acid and neutral sulphide of methyl, together with chloride of methyl and methyl- 
sulphurous acid : 

2SOCP + 4CH^O = 3HC1 + CH^Cl -h (CIP)*.SO* + CH*.H.SO» 

Protochloride of sulphur (or chloride of s^dphothionyl, SSCl*) likewise acts strongly 
on methylic alcohol, hydrochloric acid and methylic chloride being evolved, while a 
small quantity of methyl-morcaptan passes over, and the residue contains methyl- 
sulphu^us acid and neutral methylic sulphate, besides separated sulphur. The first re- 
action is probably 

S*CP + CH'O = SOCP + CH'S, 

and the chloride of thionyl then acts on the methyl -mercaptan, and probably also on 
further quantities of methylic alcohol, as shown by the following equation : 

380CP 4- 4CH»S = 4HC1 + 2CH»C1 + (CH^)‘^SO> + S«, 

and by the last equation but two. (Carius, Ann. Ch. Pharm. cx. 209, cxi. 93.) 

KthyUxdphurom chloride, C*H"C1S0‘-' (the product of the action of peiitachloride 
of phosphorus on ethyl-sulphites), acts on methylic alcohol (or more definitely on 
jnethylate of sodium), producing hydrochloric acid‘(or chloride of sodium) and methyl- 
etliyl-sul])hurous acid : 

CIIMI.O + C'-'IPCISO' = IICl + (Carius, Ann. Ch. Pharm. cxi. 93 ) 

MBTKTZi, HTBRZBS OP. Syn. with Maksh-gas (p. 854). 

ASBTBTZi, ZOBZBB OF. CIPI. — Obtained by distilling I pt. of phospJiorus, 

8 pts. of iodine, and 12 or 15 pis. of wood-spirit, or according to Hofmann (Chem! 
Soc. J. xiii. 69), 1000 grins, iodine, 500 methylic alcohol, and 60 phosphorus. The 
distillate is mixed with water which separatcsVhc iodide of methyl, and tlu^ product is 
rectified in the water-bath over ehlorid.* of calcium and oxide of h'ad. It is a 
colourless liquid, slightly comliustible. so that it does not burn well excepting in the 
fiamo of a lamp ; it then diffu.scs abundance of violet vapours. Specific gravity 
^ 2-237 at 22*^; 2-1092 at 0'^ (Pierre). Boils at 42 2° under a pressure of 0 752 
met. (Andrews); at 438° under 0-750 met. pressure (Pierre). Vapour-density 
— 4-883. It is not attacked by hydroehloric acid gas. 

Chlorine converts it into cliloride of methyl, vith disposition of iodine. Heated 
with metallic zinc in a scaled tube, it yields iodoiiK'thylide of zinc : 

CHH -h Zn = Zn"CIPI. 

Heated with arsenide, antinumidc, &c. of potassium or sodium, it yields the arsenides 
antimoniiles, &c., of methyl. Heated in a sealed tube with aqueous ammonia, it forms 
the iodides of ammonium, methyl-ammonium, di-, tri-, and tetra-raethyl-animonium, 
the first and last of these iodides being produced in greatest quantity. With ?rtaynesium 
it yields magnesic inethidc (p. 756), the action beginning even at ordinary tem- 
peratures; with aluminium, aluminie methide (p. 983). 

MSTHTB, OXZBS OF. Mrfkylic efher. C'-*HH) = (CIP)20. (Dumas and 
Peligot, Ann. Ch. Phys. [2] Iviii. 1 9. )r— Produced by heating a mixture of 1 pt. 
wood-spirit and 2 pts. strong sulphuric add, and washing the gaseous product with 
potash-lye. At ortlinary temperatures, it is a gas having a pleasant ethereal odour, 
very solublp in alcohol, ether, and sulphuric acid, less soluble in water (M'hich dissolves 
37 times its volume of the gas at 18°). By cooling to -36°, by means of a mixture of 
snow and chloride of calcium, it is condensed to a liquid boiling at — 20°. ( B e r th e lot.) 

Methylic other unitc.s directly with sulphuric anhydi-ide, forming neutral methvlic 
sulphate, (CH")^O.S05 or (ClPji^'SOV ^ 

MBTRYZi, FBBMBZBB8 OF. See LEAi)-R.vnicLEs, Organic (p. 563). 

MBTRTZi, SBBBirZBB OF. SelnumthyL OHPSe = (CH‘)vSe. (Wohler and 
Dean, Ann. Ch. Pharm. xcvii. 5.)— Obtained by distilling a solution of methyl-sul- 
phate of barium with selenide of ^tassium. It is a reddish-yellow very mobile bqu id 
Imvicr than water, insoluble therein; of intensely disag^able odour ; very inflammable, 
and burning with a bluish flame. Strong nitric acid dissolves it, with rise of tempera- 
ture; the solution is not pn^cipitated by hydrochloric acid, but sulphurous acid throws 
down s<‘lenide of methyl from it. On attempting to concent rate the liquid by evaj>or}iti;>n. 
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A now and VC17 violent reaction is sot up, nitric oxide being evolved, and the temportture 
eonietimt‘« rising so high as to set fire to the mixture. 

The produc t of t his react ion is m o t li y 1 - s e I e n i o u « a e i d, CH *SeO*, which, by cau- 
tious evaporation and cH>oling, may bo obtaimnl as a crystalline mtvss. It forms wtlla 
with bases, and is converted by hydroehl»>rio acid intomethyl-solonious chloridi», 
C'lPSeO^Cl.HH), which crystallise.s in transparent prisjns, and is converted by hydro- 
bromic and hydriodic acid Into the corrt»sjK>uding bromine- and iodine-comjwuuds. 

MBTBT&, SUXPBXBBS OF. ISf ethyl forms thre<^ sulphides, iH'presentfHl by 
the formuhe (CH*)*S, (C}l*)-S- and and a sulphydrate or mercaptan, CH*S, 

homologous witli ethyl-mercaptan. 

Frotonulpt&ide of Metliyl. (llegnault, Ann. Ch. Phys. [21 

Ixxi, 391.) — This coin[K)und is easily obtaimsl by pa.ssing gaM'ons chloride of methyl 
into a solution of prolosulphidi* ot potas.'^inin in winid-spirit contained in a tubulab'd 
retort. The ga.s i.s ab.sorbed in large quantity, and it’ tin* n-tort be then Iieated and 
the receiver kept co«'l, sulphid* <*f imtliyl distils Dver. It is a colourless, very 
mobile liquid, having an extreim ly di.-^agn'eable odour. SpiH'llic gravity, n-84i') at 21 . 
Boiling iH>int 41°. Vapour-deu-'it y 2 11.5. It is rt*a«lily attacked by cA/omjr. On 
letting a few drops of it tall int(» a bottle filled with <lry ehlorine, a red flame is pro- 
duccil, and a large quantity c>f liydntchloric acid is obtained, together with a deposit 
of charcoal; but it the teinperaturi* be kept low, the following 8ul)stitut ion-pro<luct« 
arc obtained : 

a. Monochloriindt i} nxtht^Uc (CH'Cl )'’S 'Fliis is tin' product of the action of 

chlorine on sulpliid»‘ of methyl, at a l*>w temperaf uro and under the influence of diflf’usiHl 
ilaylight. It i.s a yellow oil, lieavier than water, and having a v»'ry otl’eiiHiva odour. 
When lie.ite<l in a retort, part of it distils over, but a eonsi«b*nil>le }sn*tion sulVers altera- 
tion and leaves a e:jrl>onaceouH residue. (Itiehe, Ann. Ch. Phys. [3] xliii. 2H3.) 

3. l)it hhmnati <1 uuthjifit' ((?IIC1'')*S. IVodneed by exposing the preceding 

cornpouinl to f!ie :i<*lion of elilorine, taking care to cool tin* vessel Jit tin* beginning to 
prevent the a(*ti<(n from l>ee<»tning !<«> violent. It is a ln'avy y« ih^w liijuid, jmrily de- 
ctunjiosed l>y distill.it ion. (Kiehe.) 

y. r< rchloriiuit' d inithyJic s}dphi({>\ (Ct'Py’S, is the jinjdnct <d’ (lie action of chlorine 
on the dichlorinated eompnni.d under tin- infln<‘ne<* of direet sunshine. It is a limpid, 
aml*er-eoIoured liquid, li.iving a strong penetrating oilour. It boils regularly and 
without alteration lietWM ii l.'ifi^ainl IfiO'’. Its ubserveil vajxmr di'iisify is5 CH; tlio 
fin-mnla C'‘(ir‘.S gi'e^ P 41 fur a eonden.‘>atioii to 2 volumes, ami 17 for a condensation 
to 4 volnme.s, indo ating dissoeiaf ion (i, 4(19) ; but the speeiineii operated upon was 
proltably inquire. 'I'lie eoinpouml is rpiife insolulde in water, but dissolves easily iii 
aleoliol and ether. It does not .ippear to be altered by lupieons potash. 

'Pile crude liqui'l resiilfiiig from the action of elilorine on ilielilorijiated metliylic 
sulphide, has ;i re-l colour and eontain.s eiiloridi* of sulphur and tet raeliloriile of earlion, 
wliieh pass over with (he first portions of tin* distillate, and are more alaindanf in pro- 
port ion as the diehloriiiated sulphide was less e(»niph t.< ly dried, (Kiehe.) 

J Votosnl['liidc of im thyl unites, like Hnlplii<lc ol ethyl ( li. 5 b')), y^'\\\\ inrr< urir ch/orule 
and pUifimr rh'orulr, forming llio compounds (^■iI'‘S.IIg (T* and 2('‘JI'‘S.Pt( '!*, both of 
which an* cry.->rallnie, 

Bisulpbido of Methyl. (MI’S f.r (''■'II^S*. ((’ahours. dun, ('h. Phys. (3) xviii. 
j Pn*pansi, 1. Ky j.as.siiig gaseou.s eliIori«le (if metliyl llirough an ah oholic solntMiii 

of distdphide of potassium. — 2. Ky distilling a mixture of sul]»hom.'thylate of culcima 
and di.sulphi<le. of jKitassium : 

((TP/^Ca'(.S(>')‘ -1 K^S'- - -f ('a"SC)‘ K»S0‘. 

The yellowish distillate is rectified: and the portion whi<-)i dist ils over between U0° 
and 112° is dried !>y chloride of ealcium. and again partially distilled. ‘ ^ 

It is a traii.sparent eohiurless Ii<pjid, having gi’eat refracting |Kjwer. and a deiisify of 
IMMG at 18 . Boils between lib' and 118 . Vhqiour-deiisity at 19G° ^ 3‘298. Htui 
a very j>crsi.stent and intoh^rabh* odour of onions. 

It is but very sparingly fsduble in vuiVr, but neverth' l<*HH imparts ils <slour U> tliat 
liquid. Mixes in all proportions with uU- hol and tthr. (Cahours.) 

This compound may be set on fire by a red-hot lx>^iy, and burns with a blue flume, 
emitting a strong odour of sulpliurou.s acid. Chloriin: acts violently ufs'm it, producing 
at first a substance which cry’staliises in amber-coloured rhomhic tabh s, and is convert.^, 
by the further action of the chlorine, info a yellow, and ultirnabdy into a red liquid, 
coiwisting of a mixture of C-'CP.S and HCl". Jhimmu likewise fonris substitutiofi- 
products. Moderately sfrrmg mlric aHd acts strongly on the (surqiOund, pnalueing 
sulphuric acid, and a fs-etiliar acid which forms with jsjfash long slender needles; 
with baryta, Shining coJourlcs.^ tables ; and with lime and oxide of lead, soluble 
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cryatallisable salts.* Sulphuric acid dissolves the compound at ordinary tempnw 
tures ; but decomposes it when heated. The compound is not altered by distillation 
over concentrated potash-solution. 

Trlstilpbide of Metbyl. (CIP)*S*. — If the disulphide of potassium in the 

§ receding pre^ration is replaced by pentasulphide, a considerable quantity of nxethylic 
{sulphide is likewise obtained, but at the end of the distillation, at about 200°, a yel- 
lowisn product is obtained having the composition of the trisulphide. It behaves like 
the disulphide with chlorine and with nitric acid. (Cahours.) 

MBTBTX., StnCiPBYBXtBXB OF. CII'S = (Gregory, Ann. Ch. 

Pharm. xv. 239.) — Formed by distilling in the water-bath, with efficient condensation, 
a mixture of 1 pt. of a solution of sulphomethylate of calcium, und 1 pt. of a solution 
of sulphydnite of calcium (both solutions having a density of 1-25), and agitating the« 
distillate with caustic potash, to free it from sulphydric acid : 

(CH‘)2Ca"(HO^)'-' + 2KHS = 2(CH=*.H8) -h K^SO^ + Ca'SO\ 

It is a liquid lighter than water, boiling at 21°, and having the odour of mercaptan, 
but oven more offensive. It is slightly soluble in water ; forms with acetate of lead a 
yellow, and with mercuric oxide a white compound (CH'‘Hg"S), which crystallises from 
a hot alcoholic solution in shining laminse not fusible at 100° 

XMCBTHYi;, TBX.X.VBIBS OF. Telluro-methyl . CTPTe = (Cir^y'^fe. (Woliler 
and Dean, Ann. Ch. Phami. xciii. 233. — Heert^n, IJebtr Tellurtithyl- and TiUurnuthyl- 
verhindungen, Gottingen, 18G1.) — This compound is obtaimnl by distilling tclluride of 
potassium with sulphomethylat«' of barium, the distillation being continued as long as 
drc>pH of oily liquid pass over with the water, and the process conducted altogether as 
for the preparation of tellur(‘thyl (ii. 650). 

Properties. — Telluromethyl i.s a pale yellow mobile liquid, which sinks in water, and 
does not mix with it. It boils at 82° forming a yellow vapour like tellurium itself. 
It has an extremely disagreeable alliaceous o<lour, which is so intense and persistent, 
that even the breath is affected by it after soqje time. It fumes in the air from oxi- 
dation. When set on fire, it burns with a bright bluish-white flame, diffusing white 
fumes of tellurous acid. Strong nitric acid oxidises it, with evolution of nitric oxide. 

Tolluromethyl behav('s to oxygen, chlorine and other chlorous radicles, like a metal, 
forming a basylous oxide and a Herie.s of salt^, which are produced by siiturating the 
solution of the oxide with acids, or by precipitation. 

Acetate of Telluromethyl, (Me*Te)"j jjq , forms large, well-developed, limpid 

cubes, which have an unpleasant odour, crumble to a white* amorphous jx^wder wlien 
exposed to the air, are insoluble in cold alcohol, but dissolve easily in water. The 
solution is neutral, gives with sulf)hurou8 acid a yellow pr<*<upitate of tellurametliyl ; 
with hydrochloric acid, a white precipitate of the chloride; with iodide of jotas.siuni, no 
precipitate. ( H e e r c n. ) 

The hrornide, (CIP)*TeCl’ or Me^ToCP, is obtained as a thick white precipitate, 
n'sembling bromide or chloride of load, on adding hydrobromic acid to a solution of 
nitmte of telluromethyl. It forms shining colourless prisms which melt at 89°. 
(Wohler and Doan.) 

The carbonate, | (HO)*’ difficult to crystallise. (Heeren.) 

The chloride, Me*TeCl*, is obtainetl. on , adding hydrochloric acid to a stdution of 
the nitrato, as a thick white precipitate r^embling chloride of lead (Wd hler and 
Dean); as a colourless heavy oil, which solidifies crystalline on cooling; similarly by 
adding hydrochloric acid to a solution of the oxychloride. (Heeren.) 

It redissolves when heated, and crystallises on cooling in long thin prisma, like cor- 
rosive sublimate. It appears to be isomorphous with the bromide (Wohler and 
Dean). It melts at 97 6°, but appK*ars not to W volatile without decomposition. 
Solidifies from fusion in a mass having a highly crystalline structure. Does not distil 
over with water, but its heated aqueous solution has a faint alliaceous odour. Does 
not form any precipitate with platinic chlori<le. Dissolves readily in alcohoL 
f CHO* 

Tlie formate, (Me*Te)’'J , crystalbse.8 in deliquescent colourless needles^ 

forming a neutral solution in water, from which hydrochloric acid precipitates chloride 
of telluromeUiyl in the form of a colourless oil. (Heeren.) 

* Mtuprutt (Cbem. Sor. Qii. J. i. 53) gave to tbla acid tha name of Bitmipkimetl^ie add, repreMoting 
its mUs ny the formula C-lP more recently, howerer (Chem. Soc. Qu. J.iii. »*), he h»* fnitod 

that it)» identical with methyl-suiphurous acid, the formula of whose salts is (yiPMS^O*,ot CH*MSG*, 
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Iodide^ Me*TeS*. — When colourless hydriodic acid, or io<Ude of {Xttaasiuin, is droj»t 
into a solution of nitrate of telluroniethyl, a precipitate is formiHl of a bright lonion- 
yellow colour, but changing in a few seconds to venuillion-iH'd. If the solutions are 
idixihI warin, the pr«M.*ipitAte exhibits at once a nnl et>lour and crystalline structurt'. 
When dry, it forms a Vermillion colourtHl jH)wder. The comjxmnd dissolves sjmringly 
in cold, much more frt'cly in hot water, and abundantly in hot ak'ohol, funning a ri*ti- 
dish-yellow solution. From boUi solutions, it crystallises in ainall shining, v(*rmillion- 
coloured prisins, which art' largest when they separate from the alcoholic soUuiuu. 
They yield an orunge-yt'Uow |>owder. Under the mieT>>HCope they appear orange- 
yellow by transmitted light, but C( rtain f}u*e.sexhil)il a tlm- bhie sui fiiee-colour. The salt 
iqipo^ to bo dimorphous, likt* itsiide of mereury ; fur on mixing tlie tvxdeil alcoholic 
solution with about an tspi.d volume of wat»'r, the iodid»* is j>reeipitated, of a leinon- 
jindlow colour; but in a few minute. s a movenn*nt of the partieles is ohservtHi throughout 
the liquid, and the precipitatr soon assumes the el!;iraet« r of Vermillion colour'd orys- 
tallino lamina'. The yellow variety ennnot, however, he obtained in a permanent 
form; for the aJeoholic .soluiion yields red crystals by evuporution, and the compound 
cannot Im' melted without detH>mjK>sition. Flviai at jt is converted into black 

iodide of tellurium. (Wohler and Dt-an.) 


Nitrate. Me'-T^NO^)* (W.diler and Dean) ; Me^V (H eeren )- -Tel- 

luromcthyl heat*^! with moderately .strong nitric aei»l, dissolves jmrtially jit first, with 
reddish-y(‘IloW' colour; but after ;\ while, a violent rejwtion ensues, attejul<'d with evo- 
lution of nitric oxide, and a colourless .soliUitui of the nitrat«‘ is obtained, whieh by 
careful eva|H)rution, yields tlie salt in large colourless pnsm.s. Sijinetimes, however, 
prolaibly when the acid is texv strong or in too gnait excess, the salt is obtained on 
evqH^nition, not in crystals, but in the form of a transpan*nt amorphous imiss coubiin- 
ing tclJurouH acid, mixed or coinbimsl, ami arising pnihably from decomjsisition of a 
jKirtion of the tclluromethyl. The nitrate decomposes with explosion when heated. Jt 
dissolves readily in water and alcohol. The aqueous solution, rnixt'd with hydnodit*, 
hydrobromic or hydrwhloric acid, yi<‘lds a j>recipitafe of iodide, bromide or chloride* of 
telluromothyl. (\V d h 1 < r and D e a n. ) 

The oxalate, . cryst.-dlises in nnmometric forms ; it is nctitniland 

less soluble in water than in alcohol ; the jujUisms solutions give with hydrochloric 
acid a precipitate of the chloride. (11 eeron.) 

Oxide of Tclluromethyl, Me*TeO, is obtained by decomposing the rhlgride or 
iodide witli oxide of silver. Either of these com|>oundH is moist^ nj'd with water, and 
oxide of silver, r(*eently pr» cipitate<l by baryt^i- water and well washtHi, is mlded in ex- 
ct*.Hs, whereujsm decomj>osition begins imnasliately, and the masH becomes sponta- 
inxmsly heated. The filtrate, wntaiiis the oxide in solutirm. 

Oxide of telhmuiM'thyl is indistinctly crystalline when tiry ; has an ul)ominable taste, 
but is inmlonms ; deliquesci'sH in the air like potash, and absorbs carbonic acid. Its 
aquisms solution is strongly alkaline to test-paper ; eliminates ammonia from sal-uni- 
moniac, even ai onlinary UTnjH'nitures, and fonns a blue pn*cipil4ite with sulphate of 
I'opper. Sulphurous acid adde<i to the sfdution imnuHliaft ly tliA^ws down teilurome- 
ihyl, in the form of a stinking oily liquid ; hydroelihiHc acid jirecipilales the white 
eldoride ; hydrimlic ticid the red iodide. On siifnrafing the jwpieons oxide with 
sulphydric acid, a slight milky turbidity is produced ; and fui distilling the liquid, 
white sulphur separates out, and a yellow oil j)ass<*H over, which n|qs>ars to be merely 
psluced telluromethyl (Wohler and Dean).- H eeren did not suerei'd in preparing 
the oxide in the solid state ; the strongly alkaline solution obtained by dccorniKwing 
the oxychloride with recently precipitated silver-oxide, quickly became turbid, and when 
€iva{X)rated in a vacuum, loft nothing but tellurium. > 

The oxychloride, (M<tn'e)*CFO, is forrocjd by dissolving the chloride in ammonia. 
On evaporating and digest ing the residue of saJl-ammoniac an<l oxychloride in alwhol, 
the latter dissdves and separates from the wjlutioii in shc^rt. odourless prisms. Hydro* 
chloric acid added to the solution pncipitales the chloride. (W dhh r and Dean.) 

The oxyhromide, (Me*Te)H5r‘'0, is obtained in a similar manner. 

Phosphate. — On dropping phosphoric acid into a solution of the oxide, a lemon- 
yellow precipitate of telluromethylic phosphate is producwl, inwluble in wster and in 
lilcobol ; it turns grey when expoiH*tl to light, and melts when hcatiHl to a brown sub- 
stance (TeP*?). It dissolvr* in exce ss of phosphoric acid, forming a colourless liquid, 
which yields colourless crystals by evaporation. From the aqinsjus solution of thew 
crystals, ammonia throws down the yellow insrdnble phosphnte, and hydivKhloric acid 
tlie white chloride. (H eeren.) 
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The (Heeren), is obtained by saturating the base 

with sulphuric acid, or by decomposing the solution of the oxychloride with sulphate of 
silver. It crystallises in large, very regular transparent cubes, easily soluble in waU'r 
insoluble in alcohol. ’ 

Sulphochloride, (Me2Te2)Cl=^S ? Sulphuric acid pjissed through asolution of the 
chloride, forms a white flocculent precipitate which afterwards turns yellowish, the 
liquid at the same time acquiring an extremely repulsive odour. If it be then distilled, 
there passes over with the water a heavy oily liquid, having a reddish-yellow colour 
and extremely ofb nsi VO odour, and yiehling sulphuric acid when oxidised with nitro- 
rnuriatic acid. (W ohler and Dean.) 

According to Heeroii, sulphydric acid forms, in solutions of telluromethylic saUs, an 
orange-yellow precif)itate, which, when heated or strongly ignited, cakes together, and 
sinks to the bottom in the form of black heavy oily drops, from which other extracts 
telluromothyl, leaving a black powder consisting of disulphide of tellurium. 

HfliTBTXiACETAXi. See Methylate of Ethylene. 


XMCBTKYX.ACSTOKS. S(-e Acetone (i. 31). 

BSBTHTXiAXi. C*IPO^ - A product of the oxidation of methylic alcohol. Wlien 
a mixture of wood-spirit, sulphuric acid, and peroxide of manganese is distilled, there 
passes over, amongst other [troducts, an ethereal liiiuid, miscible with water, to which 
Duma8(Ann. Ch. Pharm. xxvii. 13/)) gave the name formomethy lal, regartling it 
as a definite compound. Malaguti, however (Ann. Cli. Phys. [2] Ixx. 3;)()), showed that 
itisa mixtui-eof im tliylie formate andmethylal, of variable composition and Isjiling point, 
and is resolved by boiling witli {K>tash into formic acid, metliylic alcohol, and methylal! 

Methylal is a limpid liquid smelling like acetic acid, of specific gravity 0*8/)51, 
l)oiling at 42° under a pressure of 0*761 in«‘t. ; its vapour-den.sity is 2*626. It di.ssolvi's 
in 3 volume.sof water, and is separated tluTrfrom by potasli ; soluble also in alcohol and 
ctln'r. Wlien gently lieate^ with slightly dilutf'd nitric fu^id, it docoriqxxses, eliminat ing 
nilrie. oxide, without carbonic anhydride or carbonic oxide, and yielding a solution coii- 
taiiiing a considerable quantity of formic acid. It is likewise oxidised to formic acid 

by a mixture of .sidjdiuric aoia and chromate of potassium, and by alcoholic potash. 

Vklorim acts very slowly on it, producing fonnic acid and trichloride of carbon : 


+ 6CP - CH*0'^ -h C-Cl" + 6IIC1. 


MB'ltBYX.AMIirBS ABB MBTBYX.AXM[MOBZin«S. Organic liases 
bomologouH with tlu; etliylamincs, formed on the types NIP and NIP respect iv<*ly, by 
the partial or total substitution of metliyl for hydrogen ; viz. m ethy lam iiie, N.H'-'.CTf* ; 
dimethylamine, N.H.((^H’*)’‘' ; trinn-thylamine, N(CH*)* and tetramethyl- 
animonium, N(^CH*'*)b The im-thylamiiic.s like tlie etliylamines, are known in the 
free state ; but tetrethylammouium is known only in its salts, which are analogous in 
constitution to the ammonium salts. Tliere are also amines and ammoniums in which 
tlie hydrogen is replaced, partly by methyl, partly by other alcohol-radicles, as ethyl, 
amyl, phenyl, &c., ep. metliy 1-ethy 1-amylamine, N.CIP.C'*TP.C*H*' ; methyl- 
trie t h y 1 - a m m o n i u m, N.CiP.(C-Il*)V 

H 

CII^N = If N. Mcthylammonia, Mtthvlia. — This base 
CIP . 


was discovered and fully examined by jW^urtz in 1849 (Compt. rend, xxviii. 
223 and 323 ; Ann. Ch. Phys. [3] xxx. 443% It is produced by reactions analogous to 
those wliich give rise to the formation of otnylaniine (ii. 6»53); viz, 1. By the action 
of potash on cyanate or cyanurateof methyl (Wurtz). — 2. By the action of potaah on 
methyl-carbamide (methyl-urea) (Wurtz).— 3. In the form of a salt, by the action of 
ammonia on various methylic ethers : thus iotlide of methyl heated in a sealed tube 
with ammonia, yields hydriodate of methylamiiie or iodide of methylammonium, to- 
gether with iodide of ammonium and the iotlides of di-, tri-, and tetra- methyl- 
ammonium (Hofmann). — 4. By heating chloride or iodide of ammonium with wood- 
spirit in sealcHl tubes (Bert helot). — 5. By the action of caustic alkalis on morphine 
and codeine (Wert heim, Ann. Ch. Pharm. Ixxiii. 210), and by heating glycocine 
with anhydrous baryta'(Cahours, ii. 903): 


C’H*NO» + BaO - HiCO* + CH*N. 


6. In combination with hydrochloric acid, by the action of chlorine on theobromine 
(Rochlederaud Hlasiwetz, Jahresb. 1850, p. 437)or on caffeine (Rochleder, 
434).— 7. By the action of na.'^cent hydrogen on hydrocyanic acid: CHN -r H* *» 
CIPN (Mendius, Ann. Ch, Pharm. exxi. 129). — 9. Methylaminc occurs in bone-oi] 
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fAnclerson, Jahw^b. 1851, p. 476X amall quantity umonff the pwalucU of th« 

distillation of crude acetate (pyrolignate) of <»lcium. (C. G. Williams, ihid, 1868, 
p. 467.) 

Preparatum, 1. By the actum of potanh on Cyanuratc of Methyl, — Tlio cyanurato 
is heated with poUish-h^y in a tbwk surmounted wiih a worm-tulx', to colidenw' the 
aqueous vapours and stqwrate tlu* methylamine, which then passes on into a n'Cc'iver 
containing u small quantity of pure water, which dissolves it The decomposition of 
the methyl -cyanuric ether by jK>tiish-ley, which is very slow, may bo acc<‘U*nit»Ml by 
first melting the ether with solid j)ota«h mixtd with a small quantity of water. The 
aqueous solution of ^methylamine in the receiver is satursited with hydrocliloric acid 
and evaponitod to dryness. (Wurtz.) 

2. By thi’ action tf Ka^cmt Ht/dnHftn on llydrocyantc acid. Men dins mixes the 
hydrocyanic acid with hydrtK'hlorie acid luul ah'ohol, adds granulated zinc, and when 
Ijie action is eiuU*d, distils <»fl alK)uf Italf tin* liquid, and again subjects the distillate, 
which wmtains a con.siderubl«* quantity of unaltered prussic acid, to the action of llie 
zinc, lly nqieating this treatment a certain numla'r of tirm's, a solution is ulti- 
mately obtained containing hydroehlorate of methylamine mixed with chloride of zinc; 
and this solution distilbsl with lime or |K)tash, yields free moth^lamim*, which may 
be condenstsl in water and eombimsl with hydnx’hlurie acid as b(*l‘ore. Debus (Chem. 
Soc, J. xvi. 219) I'lrect.H the combination of the hydrogen with the prussic acid by 
means of platinum-black. A stream of hydrogen is passml thrtmgh a mixture of 15 grms. 
cyanide of potassium, 16 grms. sulphuric ju*id, and 5 oz. water, contained in a retort, 
and then (‘onducted suecessively tliroiigh an empty vessel, a tube containing fiisid 
chloride of calcium, a tube ci)ntaining platinum-black and immersed in a parafiln bath 
heatisl to 110^, and, finally, through a LiobigB bulb-apnaratus filhul with dilute hydp>- 
ehloric acid. As soon as the mixture of prussic acid and hydrogen comes in contact with 

the platinum-black, dense white clouds of hydroehlorate of methylamine bin'-omc per- 
ceptible, filling the apparatus from tin' platinum to tin* acid. The prussh* acid mixtim* 
i*^ gradually heatcsl to the boiling jsu’nt, and kept at that temperature, with a current of 
hydrogen continually passing through it, till tho process is completeil. The acid liquid 
in the bulbs, when evaporated on the water-bath, leaves a white residue almost wholly 
solubbi in al(*ohol, and the alcoholic solution leave.s on ev.iporation a (vdourless crystal- 
line mass of hydroehlorate of methylamine. Tart of the mcthvlamim^ produced in this 
reaction unites with the hydro<*yanic lu’id, forming cyanide of n elhylammonium, and 
this acts on tin* [datinum in such a manner as to form a double cyanide of platinum 
ami methylammonium (p. 997), which surrounds tin* particles of the platinum-lihick, and 
after a whih* prevents further aetion. If its formation could be prevented, thismetluKl 
wouhl doubtless afford the readie.*«t means of preparing metliylamine. 

To prepare pure niethylarnim*, the hydroehlorate, perfe<*tly dried, is mixe<l with twice 
its weight of (piicklirne, and the mixture introduced into a long tube closed at one end, 
in such quantity as to half fill it, the other half being filled with friiginenU of 
jsgassiiim-hydrate. From this tuV)c a gjis-delivery tube passes to tin* mercurial 
trough. On applying a gentle heat to tin* tulx*, la*ginning at the closed end, the gas 
is ilisengaged, and may S* eolloeted over the mercury. 

Proper/ns. ^Methylamine is a colourless gas, having a strong amrnoniaenl odonr. 
Like ammonia, it turns redd<*n<Hl litmus-paper blue; fumes .‘strongly w'lth hydrfWilorie 
acid; combines with its own volume of that gas, and half its volume of carlx>nie 
anhydride; is rapidly absorlsHl by water, and also by charcoal. It is distinguished 
from ammonia by taking fire when bremght in eontact with a liglited taper ; if then 
bums with a livid yellowish flame, pnslucing water, carlsmie anhydride, and nitrogen, 
mix^Hl, if tho combustion be incomplete, with cyanogen ami hydro<*yani(* aeid. Specific 
gravity 1T3 at 25^, and 108 at 43°. When eooh*d a few degrees below tr, it 
wndensos to a very mobile liquid, which dof-s not solidify in a mixture of solid carlxmic 

acid and ether. (Wurtz.) , .iro i i 

Methylamine is the most soluble in water of all known gases. Water »tt lo absorbs 
959 times, and at 12*5°, 1160 times its volume of the gas. Tin* w.liitioii has tin* |K>wer- 
ful odour of the gas, and is extremely caustic; if gdves n{\‘ fin gas wlnn lK>ile(l. It is 
decomposed by iodine, bromine, and chlorine. Iodine mbb*^! to it, not m 
hydriodatc of methylamine which dissolves, and dinioduniet hylamine, ( (II 1 )N, 
which remains undissolved ; 

3CH‘N 1* P « (;(II*P)N 4 2(CTPN.III). 

Bromine and chlorine appear to act in a similar manner. 

The action of aqueous methylamine on m<*tallic salts is, f<;r the most part, similar to 
that of ammonia. The salts of maynesium, manyancs^, tron, bismuth chnmium, 
arantww, and fi« are precipitated by methylamine in the same manner as by ammoiim 
With gme-«alts metbylaraine forms a white prrx-ipitate, soluhh* in a large exc<»ss of 
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tho reagont. With copper-saHs, a bluish- white precipitate, easily soluble in oxeess 
and ^ormincr s drep blue solution. With cadmium-salts, a white precipitate, insoluble 
in excess. With nickd- and cobalt-salts, also, it forms precipitates insoluble in excess. 
These last three reactions differ from those produced by ammonia. Acetate of had is 
scarcely clouded by methylamine, but tho nitrate is completely precipitated. With 
mercurous salts, methylamine, like ammonia, forms a black precipuate ; with mercuric 
chloride, a white, flocculent precipitate, insoluble in excess. Nitrate of silver is com- 
pletely precipitated by methylamine ; and the oxide, whether precipitated by the alka- 
loid itself or by potash, dissolves readily in excess of the former. The solution, 
abandoned to spontaneous evaporation, deposits a black substance, which contains car- 
bon, hydrogen, nitrogen, and silver, and is probably the analogue of fulminating silver ; 
but does not explode either by heat or by percussion. Chloride of silver is also 
dissolved by aqueous methylamine. With trichloride of gold, methylamine forms a 
brownish-yellow precipitate, which di.s8olves readily in an excess of the precipitant-t 
fonning an orange-red solution. A concentrated solution of platinic chloride forms with 
methylamine a crystalline precipitate, consisting of chloroplatinate of methylamine, 
in tho form of orange-yellow scales. The formation of this precipitate is prevented, 
even by slight dilution. (Wurtz.) 

Decompositions. — 1. Methylamine passed through a red-hot porcelain tube, filled 
with friigments of porcelain, is completely decomposed into free hydrogen, marsh-gas, 
ammonia, and hydrocyanic acid : 


2CH»N » NmCNH -i- CNH -i- CII‘ -h 311*. 

If the gaseous mixture, as it issues from the tube, be passed through water, and then 
collected in jars over mercury, tho water acquires an alkaline reaction, and is found lo 
contain hydrocyanate of ammonia, and the gas in the jars consists, in 100 measures, of 
1377 vol. hydrocyanic acid, 71 08 hydrogen, and 14 37 marsh-gas. 

2. Two vol. methylamine exploded with 4 J vol. oxygen produce 2 vol. CO* and 1 vol. 
N. Now 2 vol. CO* contain 2 vol. or 2 at. O, and therefore 1 at. C; and the remaining 
2^ vol. O must have been consumed in burning the hydrogen, which therefore amounts 
to 6 vol. Hence, since the volumes of elementary gases are as the numbers of atoms 
contained in them, it follows that I molecule (=2 vol.) of methylamine contain.s 
1 at. carbon, 6 at. hydrogen, and 1 at. nitrogen, that is to say its formula is CH*N. To 
obtain complete combustion, it is necessary to mix the gas with 3 times its volume of 
dry oxygen, and to add to tho mixture, according to Regnault’s recommendation, a 
certain quantity of detonating gjis, derived from tho electrolysis of water, also perfectly 
dry. (Wurtz, Ann. Ch. Phys. [31 xxx. 451.) 

3. Potassium heatod in the gas aecomposes it completely, yielding free hydrogen and 
cyanide of potassium: CH*N K = CNK + IP, 31 *5 vol. methylamine yielding 
81*5 vol. pure hydre^en, numbers which are nearly in the ratio of 2 : 6. The action, 
however, exhibits two stages. At first, while the heat is moderate, the volume of gjw 
increases but little, and the residue probably contains C(H^K)N, a compound analogous 
tn aniido of potjissium ; and this, at a higher temperature, is rc.solved into hydrogen and 
cyanide of potassium, the latter decomposition being accompanied by the considerable 
increase in volume which is observed. (Wurtz.) 

4. With gaseous chloride of cyanogen, it forms hydrochlorate of methylamine, an<l 
cyanmethylamide(Cahour8 and Cloez, Compt. rend, xxxviii. 354) 


2CH»N + CNCl 


CIPN.HCl + N 


H 

CH«. 

CN 


MRTHYi.AMi>rE-SALTS. — Methylamine is fv- strong base, neutralising acids completely, 
forming well-defined crystalline salts, and precipitating metallic oxides from their solu- 
tions (p. 996). Its salts, like those of ethyfamino, may bo regarded as compounds of 
methylamine with acids, or of mcthylammonium with the radicles of tho same acids, e. g, : 


Hydrochlnrnte of MfthyUmine. Chloride of Methylammonlum. 

CIPN.HCl - CH«N.CL 


Nitrate of M<>thvUmine. Nitrate of MethrUmmonium. 

CH»N.HNO* = CIPN.NO*. 

Methylamine-salts are soluble in water, and most of them also in alcohol ; the latter 
property affords a means of separating them from ammonium -salts, when tho two occur 
together. They are decomposed by heating with fixed alkalis, gi\*ing off gaseous me- 
thylamine. 

Bromhyirate or Hydrohromate of Methylamine, CH*NBr, is obtained by 
action of bromino on aqueous methylamine. It is ^ery soluble in and 
Vn and ctyst?d\W itom the slcoboWc solullon In ddldnn ijiaJUeB bwing 
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Carhonate. (Cn^H)KJO*. -Thw snlt ia by distiUin^ the Awed hydro- 

chlorate with carinate of calcium. The prwtict of tlie distillation is a vexy thick 
liquid, havii^ a quantity of solid matter in the middle : the liquid is a highly mneen* 
trated solution of carbonate of methylamine ; the cxdid is meth^l-carbamio acid. On 
gently heating the contents of the nnseiver, the methyl-carbamic acid partly disst^lres and 
partly volatilises. The liquid portion, as it cools, det>osit8 crystals of the carbonate, 
which is highly deliquescent and volatilises even at orainary temperatures. It is diffi- 
cult, however, to obtain this salt fov from methyl-carbamic acid. 

Gaseous methylamine unites with its own volume of carbonic anhydride, forming 
methyl-carbamic acid (the so-callM anhydrous carbonate of mothylamine), 
H* 

CII'N.CO* - CO- J? (Sef Cakbamic Acm. i. 751.) 

cu* ) 

* Chlor hydrate OT Hydrochf orate of Methylamine. Chloride of Methyl- 
ammonium. ClPN.Ol. — Giiseous nifthylamine uniUs* with its own volume of hydro- 
chloric a<jid gas, forming a white solid salt, which adher»‘8 like sal-ammoniac b) the 
siiles of the vessel. — The salt is pw'parcd by satuniting aqueous meth^damine with 
hydrochloric acid, and cvap<jniting to dryness. The residue dissolvrw easily in Ixiiling 
alcohol, and crystallisoH on cooling in tine, large latnime, w’hich, at the moment of their 
fonnation, appear irid»Nscent by retU*ot.ed light. It is deliqm'scent ; does not fuse till 
heated alx)ve 100®. Heated in an ojsm v<«md U> a very high temjM'raturo, it 
volatilises in very dense vapours, which camdenso to a white {xiwder on the surface of 
cold bodi(*8 (Wurtz). When a solution of this salt-, either in water or in alcohol, is 
trc*ated with amalgam of jiotassium, hydrogen is ovojvtsl, an<l the liquid IxHSomes 
alkaline. Wurtz did not succeed in obtaining by this reaction an amalj^m of methyl- 
ammonium corresponding to the ammoniacal amalgam (i. 186). Neither is such a 
compound prcxlucod by placing mercury in a ciivity in a lump of hydrochlorate of me- 
thyl.imine, and connecting it with the voltaic battery. 

Chloro-aurate. CIHNCl.AuCI’. — On mixing a solution of hydrochlorate of mo- 
thylamine with a solution of triclilorido of gold, no precipitate is formt^d ; but on 
evaporating till the liquid becomes very concentrated and then l<‘aving it to (asil, the 
double salt is obtained in splendid golden-yellow needles, solubb' in water, alcohol, and 
other. 

Chloromerourate. 2CH«NCl.Hg"CI*.— -Formed by evaporating a mixture of 1 at. 
hydrochlorate of methylamine and 1 at. corrosive sublimate. The solution, when 
highly concentrated, yields bulky crystals of the <louble salt, 

Chloroplatinate, 2Cll“N(.’l.Pt(yP. — lleauiiful golden-yellow scales which are 
insoluble in alcohol, but dissolve in Isnling water and crystalliso on cwling. When 
heated, they blacken, emitting very cooious fumes and leaving a residue of platinum 
niixe<l with ch.vr.'oal, which burns in the air. 

For the compimnds of mothylamine with platinous chloride, see Pi.atikum-basw!. 

Sulphate. —Wory soluble in water, insoluble in alcohol, uncrystal lisable. When 
cvajKirHU'd with cyanate of poUssium, it yields methyl-carb iniide, N‘M1*.C1!*.C0". 

Cyanid^‘ of M cthylammonium and Platinum, ((’II'‘N)^Pt(?yV — Formotl in 
the preparation of methylamine by |niHsing a mixture of hydrogen and hydrticyanic 
acid vapour over heated platinum-bbick (p, Part of the mothylamine formed 

unites with the hydrocyanic acid, and the cyanidi* of niethylarnmonium thus formed 
acis on the platinum in the manner repres(»iito<l by the expiation — 

2CII'NCy + 2HCy + Pt =» (CTPN)»PtCy« -h IP. 

On washing the platinum -black with wat>er, concentniting the solution over the wafer- 
bath, and then leaving it over oil of vitriol, the double cyanide sepanites in long pns- 
matic crystals having a slight brown lint. They are easily soluble in water, and b«ve 
a grey residue of platinum when strongly hoaUxl in the air. (Debus.) 

lodhydraie or //ydriodaf e, ClI'NI.— Pro<luc<‘d, togetherwith diniodometbjl- 
amine by the action of iodine on aqueous methylamine. 

Nitrate, CH*N. NO*.— Formed bv saturating ^ueous methylamine with nitric 
acid. The ’solution, when evaporated, yields beautiful, right rhomboidal prisms, very 
much elongat^ and closely resembling the crystals of nitrate of ammonium. They 
are deliquescent, and dissolve very readily in water and alcohol. They are decomposed 
by distillation, yielding gaseous products, and drops of an oily liquid inaoluble in water. 

DiNioi>oi«THTi.AMiini, C(H*P)N. This base, formed by the action of iodine on 
aqueous methylamine, is a gamet-colourod powder which dmsolvfTS in alcohol, but appears 
to be decomposed thereby. It is decomposed by heat, but does not explode like iodide 
of nitrogen. It is also decoinpoiwd by potash, with formation of iodide of potassittitt, a 
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volatile product having a very pungent odour, and a slight insoluble flocciilenf 
(Wurtz: Ann. Ch. Phjs. [3] xxx. i55.) 

Btmethylamlne, C*H’N « N.H(CH®)*. This base, isomeric with ethylamine i 
produced, as a hydriodate, together with other similar compounds, by heating iodide f 
methyl with ammonia (Hofmann, p. 994). It is also formed by heating the so-callhi 
sulphite of aldehyde-ammonia (i. 108) in a sealed tube, or hy decomposing it with 
(Peter sen, Add. Ch. Pharm. cii. 317): ® 

cm\NH^).so^ = cm^N 4 so* + 0. _ 

Qoasmann, who first noticed this decomposition (ibid. xci. 122), supposed that the re- 
sulting base was ethylamine ; but Petersen has shown that by passing the evolved gas 
into i(Side of ethyl, and heating the liquid in a sealed tube, iodide of dimethyl-diethyl- 
ammonium is pro(luce<l : 

NH(CHy 4- 2C*HH - HI -f N(CH»)*(C*H’)*I. 

The quantity of dimethyhimineproduccd in this reaction is, however, very small, and 
Hofmann (Proc. Koy. Soe. xii. ^0) finds that this base maybe obtained with much 
greater facility by treating the mixture of the iodides of ammonium, methylammoninni, 
8tc., produced by the action of ammonia on iodide of methyl, with oxalate of ethyl, in the 
manner already described for the separation of the corresponding ethyl-bases (ii. 655, 658). 

An alcoholic solution of ammonia gently heated with iodide of methyl in a fljusk i)ro- 
vided with a condenser, solidifies into a crystalline mixture of the iodides of ammonium 
and of methyl-, dimethyl-, trimethyl-, and tetramethyl-ammonium. The more soluble 
iodides separated from the sparingly solulde iodide of tetramethylammonium ar.* 
ovaporatea and distilled with potash; and the bases evolved, after being carefully drird 
by passing ovct hydrate of potassium, are made to pass through a powerfully rrfrigc'r- 
ated worm-tube, in which dimethylamine and trimethylamine, together with a portion of 
the methylamine, condense, the ammonia and the rest of the mothylamine being carried 
off as gas and condensed in water. The mixture of the three meLl:; l-bases is then 
treated with oxalate of ethyl, whereupon the methylamine immediately solidifies into a 
crystalline mass of dimethyloxamide, N*H*(CW)"(CIP)*, and the dimethylamine is 

(CH>)* 

converted into dimethyloxamato of ethyl, (C*0*)" ■ a liquid boiling between 

2*50° and 200°, while the trimethylamine remains unchanged and may be expelled by 
gently heating the mixture in a water-bath. The dimethyloxamato of ethyl is 
easily separated from the mixture by solution in cold water, and when distilled with 
hydrate of potassium, yields a mixture of alcohol and dimethylamine, oxalate of potassium 
remaining behind. The distillate evaporated with hydrochloric acid yields a crystallised 
residue of chloride of dimethylammonium, from which pure dimethylamine may be ob- 
tained by distillation with potash. (Hofmann.) 

E. Lucius (Ann. Ch. Pharm. ciii. 106), by distilling guano with lime, obtained a 
small quantity of a base which he regarded as dimethylamine (from 28 lbs. guano, 0’6 
grm. of a platinum-salt having the compi>8ition 2(C2n''NCl.PtCP) ). 

Dimethylamine is a highly alkaline liquid having a strong ammoniacal odour, easily 
soluble in water, and boiling between 8° and 9°. Its gohl-salt, C'^lPNCl.AuCP, and 
platinum-salt, 2C*H'‘NCl.PtCP, both crystallise well, the latter in long splendid noodles, 
shooting through the liquid from one side of the vessel to the other. (Hofmann.) 

Trimetliylamine, C*IPN = (CIP)*N. Discovered by H o f m a n n (Chem. 8oc. Qu. 

J. iv. 304). Produced, together with other methyl- ba.ses, in combination with hydrimlic 
acid, by the action of ammonia on iodide of melthyl, and separated by treatment with 
oxalic ether and siibst‘quent distillation, As described under Dimbthylaminh. It 
occuiu ready form<*d in many organic substances, especially as a product of d(?com- 
position. Hofmann (Chem. Soc. Qu. J. v. 288) found it in herring-pickle. Accord- 
ing to. Dessaignes, it occurs in human urine (Ann. Ch. Pharm. c. 218), and in the 
blood of the calf, twelve hours after it has been taken from the animal, but not in the 
perfectly fresh blood (J. Pharm. [3] xxxii. 43; Jahresb. 1857, p. 382); in the flowers of 
Oraiagm cxgacantha (Wicke, ihid. 1864, 478 ; 1862, p. 330). also of CraUegus ttwho- 
gyna, Pgrus Aucuparia, and Pgrus communis (W i 1 1 s t ei n, ifrid.) : in the stinking goo.se- 
foot;, Chenopodium mdvaria (Dessaignes, ibid. 1851, p. 479 ; Wittstein, Wicke); 
in craw-fish (Wittstein), and in ergot of lye (Walz, Jahresb. 1862, p, 562; 
Winckler, ibid. 663; Rit hausen, R6p. chim. pur. 1863, p. 420). It has teen found 
also in very small quantity in guano (Hesse, ibid. 1867, p. 402), in putrefying yeast, 

(A. Muller, ibid.), and iu putrefying wheat-dough (Sullivan, ibid. 1868, p. 231). 

It is also produced by heating narcotine with potassium-hydrate to 260°~300° ( Wor- 
th eim), or with water to 2^ — 260° (Reynoso), see Nabcotikb; probably also in 
the lecomposition of codeine by potash-lime- (Anderson, Jahresb. 1860, p. 430.) 
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The trimethylamine obtained from Bevernl of these sources wag formerly mistaken 
for tritylamine, with which it is isomeric. 

^imelhylaminc is an oily alkaline liquid having a strong odour of stale fish. It 
boils at 9® (Hofmann), which is but little above the boiling point of dimethylamine. 
When a rapid succession of ehH'lrio sparks from an induction-coil is passed through the 
vapour, it is slowdy decomposcHl, yielding a tarry deposit ; but even a long continuance 
of the action does not suffice to set the whole of the nitrogen free. (Hofmann 
and Buff, Ann. Ch. Pharm. cxiii. 129.) 

It unites with acids, forming crystaljisuble salu. The suhyhaU mixinl with sulphtite 
of aluminium, forms large crystals of t rime thy lam in e- alum, probably having the 

CTl‘®Nt * j 

composition > (SO‘)M2irO, analogous to that of ammonia-alum; they melt at 

WO®, and give off their water of crystallisation with intumescence at 120®. (Rocken- 
schuss, Ann. Ch. Pharm. Ixxxiii. IM3.) 

Trimethylamine unites directly with iodide of methyl, forming iodide of tetramethyl- 
ammonium, (CH*)*NI, and with dibromide of ethylene, yielding tho compound 
Cni»NlV»(CIP)»(C*lPBr)NBr. (Hofmann, .see p. 1000.) 

Tetrametliylammonluiii« C'll'-X (CTP)^N. (Hofmann, Phil. Trans. 1850, 
p. 93; Chem. Soc. Qu. J. iv, 321.) The ualide of this base is produced; 1. By the 
action of iodide of methyl on trimethylamine, the two iiquid.s immediately uniting into 
a crystalline mass : (CIP^^N + CHH « (CH»)^NI.~- 2. By tho action of ammonia on 
iodide of methyl. Of the live iodides, (H*Me)NI, (IPMe^)Nr, (HMo*)Nr, and 

Mc’NI, produced by this reaction, tin first and last are the most abuiidunt ; and wlnm an 
alcoholic sedution of ammonia i.s used, and the iodide of methyl is in excess, the aetion 
is completed in a few hours, the hot solution, as it co(ds, d*‘j>ositing crystals of iodide of 
tetrametliyhiminoJiinm, which may be puritiinl by washing with cold water and nvrj’s- 
talli.vation from hot water. 

llydrateofTctranu tkylaynnuniiumj'^ ^^^^^^ O, is obtained by digesting 

oxide of silver in tho aqueous solution of tin* iotlide. On filtering tosep.-mite UKlide of 
silver, a strongly alkaline s<^»luiion is obtained, which, when evaponiteo in vacuo over 
sulphuric acid, yields a wliif«* ci-y.^talline mass, reseinbling hydrate of jK)tas,siurn, and 
absorbing water and carbonic acid with avidity. Wlien In-ated, it intumesces strongly, 
and iff completely volatilised, yielding a strongly alkaline distillate. Acconling to tho 
decomposition-proilin ts obtained with f»th. r bodies of similar ileconiposilioji hydrat«! 
of tetrethylammoniuni, for example (ii. 561), it might be expected to yield triinethyl- 
amino and methyb*ne, CIO ; but it appears to he <leeonqx)scd in u diflerent manner, 
08 not a trace of permanent gas is given oft’ 

Neutralised with acids, it yields crystalli.sable sjilts. Tlje sulphate, naalaf*', n, Irate*, 
and hi/drock! orate have been prepared. The vit.ratr crystallises in long shining 
nouflles; tho chloroplatiuate, 2( < ii 'pNCI. I*t('l‘, in welldetine-l octahedrous of ii (loi>p 
orango-yollow colour, partially decompose<i by boiling with water, like the platinum- 
salu of many other anunoniuin-bases. (Hofmann.) 

Iodides of Titrauiethtjlamnnuiium. -'W-Xrnnmhyhmwmiunwn unites with 
Iodine in several pro|)ortions, a. The mann-iadidv, (CH*)‘NT, prepare d as above, crys- 
tallises in hard flat needh s of dazzling whiteness ; sparingly sol aide in cold, inoro 
soluble in boiling water. The solution is neutnil and very bitter. The crystals are 
nearly insoluble in alcoliol, quite insoluide in ether, sparingly soluble in an alkaline 
liquid. (Hofmann.) 

An alcoholic solution of ioiline a<lde<l to a hot solution of the mono-jcKlidc of 
tetramethylaramonium, forms an abundant cn>p of shining crystals, consisting of tho 
penta-iodide, (CH*/NP, This romponnd i.s deconijs>»ed by boiling with water, yielding 
the mono-iodide and probably iodides containing larger pmipoiiions of iouine. - - 7. On 
adding iodine to a Ixdling .solution of the penfa-iodide in dilute aleohol, a nn lted mass 
18 formed at the Ixdtom of the liquid, which on c^siling wdidifies Uj a crystalline maa# 
consisting of the deca-utdide, (CTI*)*NI'*. — 8. A srdufion of tlie mono-i<xlide mixexl with 
an alcoholic solution of iodine containing as nnich iodine as is rorpiircMl to form the fri- 
iodide, yields at first crystals of the jM;nta-io<lide, afterwanis a mixture of the tri- and 
penta-iodidcs, which may be separated mechanically and purified by recrysfallisation. 
The tri-iodide^ (CH*)*NI*, forms rhombic crystals haring a decn violet colour and strong 
lustre ; it is more soluble in alcohol than the penta-iodide. ( W r 1 1 z i e n, Ann. Ch. Pluinn. 
xci. 41 ; xeix. 1). 

lodomercuraUi . — a. The salt, (CH*)*NI.HgTh is obtaimsl in small light yellow 
prisms moderately soluble in alcohol ; 1. by abiding mercuric icriido to ao excess of icxlido 
of tatraroethylammonium in hot alcoholic solution ; 2. by the action of metallic mercury 
on the tri-iodide of tetramethylammonium, or on the following salt. 

VoL. III. 3 S 
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/9t 2(C)K^)*NI.3Hg''I*.— This compound is obtained in fine lemon-yellow waxy scales 
by adding a hot alcoholic solution of iodide of tctramethyiammonium to an excess of 
mercuri^odide, or by the action of metallic mercury on pepta-iodide of tetramethyl- 
ammonium. (H. Biese, Ann. Ch. Pharra. cviL 223.) 

Chloriodide8,—k. tetracMoriodide, (CH*)^NICP, analogous to Filhol’s chloriodide 
of ammonium, NH<IC1\ is obtained by heating the tri- or penta-iodide with oxide of 
silver ; iodide of silver is then immediately formed (together with iodateX and a colour- 
less strongly alValitiA solution is formed, containing hydrate and iodate of tetramethyl- 
ammonium : 

8(0H*)*NI« + 4Ag»0 + H»0 » (CH*)<NIO* + 2((CH>)«N.H.O) + 8AgI; 
and on gently heating the filtered liquid with hydrochloric acid (best after neutralising 
it with iodic acid), chlorine is evolved, and tetrachloriodide of tetramethylammoniuni 
is deposited, as a very loosely coherent, lemon -yellow substance, smelling strongly or 
iodine : 

(CH*)«NIO* -J- 6Ha = (CH»)'NICP + 3H*0 + Cl*. 

Iodate. Chloriodide. 

The trichloriadide^ (CH*)^NIOr, is obtained as a lemon-yellow substance : 1. By 
mixing chloride of tetramethylammoniura with chloride of iodine. 2. By passing 
chlorine into a solution of the mono-iodide; a precipitate of the penta-iodide is then 
formed, and afterwards a colourless solution which yields the tri-iodide by evapora- 
tion. 

The diohloriodide, (CH*)^NIC1* is deposited from an aqueous solution of the tri- 
chloriodide in shining yellow inodorous crystals belonging to the dimctric system. 
(Weltzien, /oc. cit) 


MethyUbascs containing Ethyl and Amyl. 

a. Methjl-trietliyl-ammoiilum. (CIP)(C^IP)*N.— The mono-iodide of this 
base, obtained by the action of methylic iodide on triethylainino, resembles tiie iodide of 
tetrethylammonium (ii. 562); it is very soluble in water, forming a neutral very bitter 
solution which is decomposed by potiish, the iodide being precipitated without altera- 
tion. 

The iodide decomposed by moist oxide of silver, yields tlie hydrate which dries up 
to a crystalline mass resembling hydrate of tetrethylammonium, and forming crystalline 
salts with sulphuric, hydrochloric, nitric, and oxalic acids. The chlornphUinate is a 
boAUtiful crystalline precipitate containing 2Meb7MCl.Pt('lh (llofman n, (liom. Soc. 
Qu. J. iv. 313.) 

The tri-iodide, MeE*NP, obtained in the manner described below for tlie correspon- 
ding compound of tritnethyl-ethyl-ammonium, crystallises in l»luish-vio!et qvuylratic 
laminie, dark reddish-yellow by transmitted light, melting at 02°. (li. M iiller, Ann. 
Oh. Pharm. cviii. 1.) 

fi. Dlmethyl-dietbyl-ammonlum. (CIP)*(C*H*)*N. — The iodide obtained by 
passing the vapour of diothylamino into iodide of ethyl, ami heating tlio resulting 
liquid to 100° in a sealed tube, forms white tabular crystals easily soluble in water and 
in alcohol! The cMoroplatinate, 2Mo*E*NCl.PtCl‘, forms yellowish prisms or taltlcts 
moderately soluble in water, sparingly in alcohol and ether. (Pett rson, Ann. Ch. 
Pharm. xci. 122.) 

7. Trim6tliyl-ethyl-ammoiiium. (CH*)*(C’n*)N,-— The mono-iodide of this 
base is obtained by the direct union of trigletliylamine with iodide of ethyl. 

On adding 2 at. iodine to a warm alcgholic solution of 1 at. of this mono-icwide, 
find leaving the solution to cool, the tri'-iodide, Mo*ENP, in very brittle, rhom- 
4>ic prisms, which are instantly resolved by water into the mono-iodide and the green 
penta-iodide: in alcoholic solution, on the other hand, these two compounds reumte 
and form the tri-iodide. The crystals of the latter ^ dark brown, or in thin 
splinters, brownish-yellow, and somewhat dichromatic ; their surfac^coloM is 
bluish-violet ; they melt at 64° without decomposition. (R. M ii 1 1 e r, Ann. Ch. Pharm. 

cviiL 1.) . . • 1 t. V 

The penta-iodide, Me*ENP, obtained by treating the mono- or tn-iodide m alcoholic 
solution with excess of iodine, or as above mention^ by decomposing the tri -iodide 
with water, crystallises in quadratic laminse exhibiting the combination oP . oePao . F 
(the latter very subordinate). Angle oP : P «= 141° O'- The crystals are opaque 
with metallic lustre, yellowish in very thin layers when polished, yellowish-brown m 
layers ; surihee ccAonr, metallic grwn, becoming dark blue on exposure to the 
tiir ; they melt at 68°. (IL Muller, loe, cit.) 
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a. Trimetlijl.brometh3rl.ammoiiliim. 0*H'«BrN « (CHn*(Cf*H«BrVN The 

bromide of this base, C*H'«NBr^ « t(CH‘)*(C».H*Br)N]Br, is produced by the action 
of aqueous or alcoholic trimethylamine on bromide of otnylene, l>est in scaled tul>c8 at 
40®— 60 ®: C*U*N + « C4I'*Nnr*. It is very soluble in Ixuling ahn^hol, 

whence it ciy’stallist^s in white needles, less soluble in cold alcohol, insoluble in other. 
Nitrat^^ of silver added to the solution of this salt, throws down only half the bromine ; 
and the filtrate freed fmm excess of silver by hydrochloric acid, yields with platiiiic 
chloride, sparingly soluble octahedral cryslnls of the chhro^ilatimUr, 2C>lI’>lb'N0l.PtCl*. 
The corres[X)nding (^o,'d-s<i/r, CMl'MlrNCl.AuCl*, crystallises in goldcn-yt'llow nocHilos. 
(Hofmann, Compt. rend, xlvii. 668.) 

f. Trlmetbyl^nyl-ammonJum. CHI“N === (CIP)»(C'‘Il»)N. - The bromide. 
C‘H‘*NBr=, trMtotl with oxide of silver gives up the whole of its bromine and yields a 
strongly alkaline liquid containing livdrato of trimcthyl-vinyl-uinrnonium, 0‘11'*N0 «« 
CH1'*N f . j » 

jl>0, which, when neutraliswl with hvdroohlorie acid and stwngly c<mcentratoii, 

yields with platinic chloride (K*tahe<lral crystals of the 2C4I '’NCl.PtCP, 

and with auric chloride iho ffoid-m/f, ('"11 '»NCl.Au(’P. 

The bromide of this base is also funned, together with the preceding, by the action 
of trimethylamine on bromide of ethylene, part of the latte r s|)litting up into hydro- 
bromic acid and broinuio of vinyl: C^lPik* «= JlBr + (.’•IPlir. (Hofmann,^. 
cit.) 

C Trlmethyl-amyl-ammonluni. (CIP)\(;*]1")N. The only known salt of this 
base is the (ri-iodide, whi<'!x isobtainfl by ln*ating amixtun* of tri-niethylaniinc iiiul 
amylic iodid«‘ fur Hone- time f<> ir*0'^\ and treating th«‘ produet with tincture of iodine. 
It crystallises in dark brown flattened rln>mbie prisms, exhibiting tlie combination: 
ooP . oeP'x (ofti*n predominant'), . P k' . . Angle cr P ; p or, 101^28*; 

p30 : P» at the prin(*ipal axis 1 12"’ I'. The crystals exhibit triehroisin ; if (hey 
are placed upnght and viewe<l so that (he light may be transmilto«l at riglit angles to 
GoPx-, file ordinary ray is dark brown or marly black, tin* ext raordinary ray light 
red-brown, tiie third tint being belwcfoi tlie two. 'I'lK-y melt at dissolve easily in 
aleoho!, but are nearly insolulde in water. ( H. .M iiller, /<h\ (uf.) 

Tin's salt and the peroxidi s of the other bases above mentioned form with mercury, 
comj)Ounds analogcais to those already ibscribe*! as proilueed by the ac'tion of mc'rcury 
on the fK'riodides of tetrametliylammoiiium. (M iiller.) 

rj. »Xotbyl->ethjl>am]tlamine. (('H*)((’dl'}(PMI")N. - This base if 

obtaine<l by the dry distillation of hydrate of im tbylodietliyl-arnyl-ammonium, water 
and ethylene gjis being given oil at the same tiim : 


(C}P)(C2JP)X(PH")N.H.O « a- IPO + CHP. 

It is a tninsjmn nt oil, having a fragrant taste ami smell, sj/aringly solulib' in water. 
After drying over fwtta.sh and n-etifieaf ion, it Isals eonstantly at I.'bV. It ilissolves 
slowly in acids. The ]d<i(invin-s,i}(, 2< '’’ll "N( 'l.Pn '1 which is very soluble in water, 
is precipitated on mixing its eon.jx.nerit salts in .strong sobifion. <,r mjj eva|K»rating tlio 
mixture, in omnge-yellow oily gl"bll!(.^ which gradu.til3’ so!i<!jiy itj splundiil noodles. 
(Hofmann, Chem. Sue. (In. .1. iv. 817 ) 

B. Metbyl-diethyl-amjrl-aininonlum. ('"'Il'^hV ((dP)(('‘'Hy)‘’((v'H")N. — 

Obtained as an i«>dide by gradually adding ne t liyjje io(]i<le to dielliylamylamine con- 
tained in a tubulate<l retort provid* d with a eondenser, the ndxlnre nolidifying on cooling 
into a hard white cry.stalline mas.s. This sail is very soluble in w.ifer, forming a \'cry 
bitter solution, from which it is fueeipitated by potash in oily globules which solidify 
but slowiv.— By digestion witli oxide of silver, it is converted into the hydratx*, 
C'ni«N’.lt.O, in til- form of a strongly alkaline solution which when ovaporat«‘d tx> 
dryness and distilbsl is resolved into wator, ethylene-gas, ami n>elhyl-e|hyl-amylamine. 
The sulpliate, nitiute, cljlonMe, and chlon.platiiiate are crystalline. (H ofmaiih, 
Chem. Soc. Qu. J. iv. 316.) 

l«STBirXr.AMTi;. AXTLtvm, pHK.Nvr am r.vKS. 

afBXH Y X-AanXIC BTBSB. Oxide of Methyl and Amyl, CJP.CHP'.O. 

Ahtl (i. 206). 

MBTBTZ.-AirXX.XV8. See Pmext lam inks. 


BKBTBTB-AB8XVB8. See AjiSKKic-ftADiCLRS, Omoamc (i. 400). 
MBTBTBAT8 OX* AMTX.. Syn. with MBTHYr.-AMTLic Etubr. 

MBTBTliATB OT BTBTX. See Ethylatb of Mbthtl, under Ethtl, 0xix>9 
or (a 642). 


* Repf^ting the coQftitutloo of thit and •{mtUr baic*. »cc AMMONii M-uxien (i. Ifitfi). 
3 s 2 
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MBTBnATB OT BTBTXiSBrB. 0*.— Wurtz (Ann. 

Ch. Pharm. cviii. 84), by distilling a mixture of methylic and ethylic alcohol with sul- 
phuric acid and peroxide of manganese, obtained this compound mixed with methyl- 

ethylate of ethylene, CIP 

has recently been obtained by Dancer (Chem. Soc. J. xTii. 222) from crude wood- 
spirit, and called by him dimethyl- acetal; but it is by no ifteans certain that either 
this or Wurtz’s compound is really a derivative of acetal (see Acktal, i. 4). Dancer 
prepared his compound as follows: — Crude wood-spirit, well dried over lime, was dis- 
tilled upwards for sometime with a concentrated solution of caustic soda to decompose 
the methylic acetate present ; the distillate was repeatedly treated with chloride of 
calcium, as long as that compound continued to take up methylic alcohol from it, then • 
with a concentrated solution of acid sulphite of sodium, to remove the acetone, and 
afterwards distilled upwanls, with caustic potash, to insure the complete decomposition 
of the remaining methylic acetate, the methylic alcohol formed by the decomposition 
of this eth(>r being removed by chloride of calcium, and the remaining liquid finally 
purified by a few distillations on sodium. The product thus obtained had very nearly 
the composition of dimethylate of ethylene (53-3 percent, carbon and 1 IT hydrogen), 
boiled at 63^^ — G4° ; had a specific gravity of 0‘8787 at 6” C. (compared with water at 
4^C.)and vapour-density, by exporiment 3*105, calc. 3-114. 

The liquid called lignonp by Weidmann and Schweizer, and x^Nte by Vdlckel, was 
probably a mixture of this compound with some of the other constituents of crude 
wood-spirit. 

MBTBYX.ATB OP POTASSIT 7 M, CTlTvO, and MBTHYXATB OP 
SODIUM, CIPNaO. —Compounds similar in properties and reactions to the ethylates 
of the same metals (ii. 512, 513) ; they arc obtained by the action of potassium and 
sodium on methylic alcohol. 

MBTBYX.-BBBZOX.IC or BEBZYX.EBXC ETHER. See BKNZ\n.RNio 
Ethkus (i. 577). 

MBTBYX1-BROMOSAX1ICYI.IC ACID. See Sai.icyi.tc Etiier.s. 

METBYE-BRUeZSTE. C'Tl-^rp == C'-Tl-'\dP)N*0‘. (St a h 1 s dim i d f, 
Pogg. Ann. cviii. 503 ; Jahresb. 1850, p. 308.) — 01»tained as a hydriodate, by treating 
brucine with iodide of im-thyl. Tln^ hiidrunhiU cry.stallises from boiling water in 
shining laminae containing C“*H*^N‘()bn].8ll*(), and not further altered by treatment 
with iodide of methyl. By <lecomposiiig this salt with oxide of silver (or the sulphate 
with baryta-water) a solution of metliyl-brueine is obtained, which is colourless at 
first, but soon decomposes, turning vioh t, .iiid dark red when evaporated, giving olF 
carbonic anhydride, and leaving a solution containing a ba.‘-e ditferent from metliyl- 
brucino. The hi^drobromatr, C''TI*"N'^0‘.HBr.5li'^0j is obtained by mixing the solution 
of the hydroehlorate with bromide of |x>ta.ssium, as a crystalline precipitate, easily 
soluble in water and alcohol, and crystallising from the latter in small shining jiri.sms, 
which give off their water at 130*^. Tlio hijdrochloratt\ C*Tr"N-OMrC1.5II''-’0, obtainetl 
by neutralising the base with the acid, forms small shining crystals easily soluble in 
water and in alcohol. The platimim-sali , 2(C*TI‘®N20bllCl j.PlCB, is a yellow pre- 
cipitate insoluble in ether, easily soluble in alcohol and in water, and crystallising in 
needles from the latter. The i/o/rf-W/, C'^TI‘’*N*0*.HCl.AuCP. is an orange-yellow 
precipitate, sparingly soluble in cold water. Mm^curie c/<(/or5/>' added to the solution of 
the hydroehlorate, furnis a white curdy precipitate. The neutral sulphate, (C^^}I'”N‘0‘)* 
lPS()b8lPO, obtained by decomposing the 1}ydriodate with sulphate of silver, fonns 
a radio-crystalline mass, easily soluble in water and in alcohol. An acid suIpJuite, 
C-«H*»N®0MPS()‘.2H*0, obtained by treating the neutral salt with dilute sulphuric 
acid, forms indistinct crystals somewhat less soluble in water and alcohol. 

Methyl-brucine does not apjx^ar to be poisonous ; 10 grains of the isulpbato given to 
a nibbit did not produce any poisonous effects. 

MBTBYXi-BUTYRAE. CTI^O.Cm— A compound produced, together with 
butyral OII’O.H (i. 689), cthyl-butyral C^IPO.C’2][5^ butyrone (i. 697), by the dry 
distillation of butyrate of calcium. It boils at alx)ut 111°, has a specific gravity «= 
0*827 at 0°, and vapour-density =• 3*13 . — EthyUhutyral boils at alK>ut 128°, ha.s a 
specific gravity * 0-833 at 0°, and vapour-density = S'oS. (Friedel, Ann. Ch. 
Pharm. cviii. 122; Jahresb. 1858, p. 296.) 

MBTBYXrKSAMPBORZC ACZD. See Camphoric Actb (i. 732). 

MBTBYE^AMPBRBBB, C*IP*(CK>)0.— A product obtaine<i by the action of 
sodium and iodide of methyl on camphrene (i, 733). A mixture of equal parts of 


0*. A compound having the same composition (C^H'®0®) 
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csmphrene and benzene is treat^^d with sotiinm in an atmosphere of hydromm, till tlw 
sodium remains unaltered oven on heating, and the solution is then cohobated with 
excess of mothylic iodide. On adding water to the resulting liqiiid, a brown oil ia 
tlirown down, which, after repeated n^et ideation, yields inethyl-eamidm'ne asa oolourh^ss 
aromatic liqui<l boiling between 2'Jj^ and 230 ^ (H. Sehwanert, Ann. Ch. Phartn. 

cxxiii. 298.) 

Camphrone is an oih- Ixxly produced by lu'ating common camplior witlj sulphurte 
acid. Chautard, mIio discovered it, assigned to it the formula C*J1'‘0; but according 
to Schwauert, it has the com[H>sition isomeric witli phorone (y. f'.). 


MBTBTX.-CAP&XNOX.. ^ | ^o H a r bordt (Ann. Oh. 

l*hann. cxxiii. 293\ is tin- rational c» n.slitutioii i>l' the essential eon.stiluent of oil of 
rue, ngarded by 0. 0. Williams as euodie al»leh\de, C"Jl‘'0.1I. (See ItuK, Oil. or.) 
MSTBYX-CAPROTX.. S. o .Mkthyi.-hkxyl. 

MBTBYXi-CAllBAMXC ACID. See Oauhamic Adi) (i. 761); also Mkthyl- 
AMINK (iii. 99). 


IBBTBYXi-CARBAMLXDBS. S.v Ovuhamidk (i. 761). 

According to later rxj>eriment.s by Wurtz (Hep. Ohim. pure, 1N(;2, p. 199), dimo- 

(OlP)n 

t hy l-earbumide, (CO)"vN‘', prep.m d by the action of nielhylainine on eyanat*' of 
II’) 

metliyl, melts at 102 6° and boils b* twe<-n 2<iS''’ and 27o'’; the (identical) compound 
obtained by treating oyanate of methyl with water, melts at 99 6 ’, and lK)ils belweeu 
27 3° and 288^ 

Methyl-othyl-carbamiile, j m«‘Ifs at 62^ or 63'\ aiul boils be- 

tween 20()® and 2G.S'', 


METBYB-CARBOBATBS. See (’ahuomc IvruKu.s (i. HOl). 
WETBYB-CBBORACBTOIi. (’’I!"(U‘. A. (•.utipoiuid isomeric with chloride 
of tritylene, iTodma'd by the acfinji of peiitMehloride of I'lm.-^phoruK on acetone (i. 27 ). 
METBYB-CXTRIC ACIBS. S.et’iTKK' Ivini.Ksii. lool). 

MErBYX.-CBI.OROSAX.ICYI.XC ACXX>. Ser Sai irvi.io IviHKUS. 


METBYX.-CONXBB. See CoMnt-. (ii. 0). 
METBYX.-CYABAMIDB. (' II’.N* ( H.t ’ll I'y )N. 

liydrochlorale. of met liylumiue. hy flie iietion <if gaseuiis l•lllori<l 

alnino (Clo*‘Z ami (’anm/zaro, Ann. fh. I'harm. Ixxviii. 2'J 
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MBTaYI.-CYABABXX.IBB. S. e I’m.NVi amjm: c 

MBTBYX.-DX8irX.PBOPBOSPHORIC ACIB. See riiusi iiouir KTunas, 

MBTBYX.-BXTBXOBXC ACXB. ('IPSd', (.1, 'P. II obson, Chern. Soc. Q«i. 
J. X. 243.)--An acid produced by the aeii.m of Milphurons anhyairide on ziiie- 
methyl. The dry ga.s pas-sed into an etln real solution of zirie methyl, kept c*s)) 1o 
moderate, the action, is rapidly and cornph;t. ly ai-sorfed, ami in a linh? while, a 
white crystalline substance is forrnexl, which is the zinc-salt ol met hyldit hionic attkl, 
C^lP/nS-’O*. This salt may be freed from ether and the last traces qf sulphuroud acid 
by evais)ration in VfU'UO. ft may be eonverl<-<i into a b.irijim silt by treating it with 
excess of cjiustic baryta, and from this the ,ieid may be prep.ired by precipitating tho 
baryta wdth dilute sulfduiric acid. 

A[elhyldithioriic acid is a liquid having a feebly amd la*.!)- ami red'hming bine litmuK. 
It decoin|SJses in a short time, with depoKition .,f sulphur, even in a very dilute 
solution. 

The MethyldUhionatf* cannot l>e convt niently prepjir-d by digesting the free acid 
with oxides or carlxinates, on account of the faeility with which the acid d«X!ompOMMi ; 
but they may be obtaine<l by (hKrompising the zinc-salt with the eorreHj><.)nding laifidii, 
or the barium salt with the sulnhates. Their general forrnnla is (TI'MnO* for 
thr>»e containing monatomic metals, and for tliose containing diatomic 


metals. 

The methyldithlonates are all very solubb in water, but insoluble in alcohol and ether. 
The harium-mlt, is prepared by truilmg tho solution of tho zinc** 
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salt with excess of caustic baryta, fiJteriDg to separate oxide of zinc, precipitating 
the excess of baryta by a stream of carbonic acid, and evaporating the filtrate at 
the heat of the water-bath. It is a colourless, inodorous, crystalline salt^ which is 
precipitated from its strong aqueous solution by alcohol in the form of a white granular 
powder. A concentrated aqueous solution left to evaporate in vacuo, deposits the salt 
in cubes arranged in octahedral masses. It sustains a heat of 170° without decompo- 
sition. 

The calcium-sdlty C*H®Ca"S-0‘, prepared in a similar manner, remains as a solid 
iincrystallisable mass when its concentrated solution is left to evaporate in a vacuum. 
The ccypper-salt is obtained as a gniss-grcen solution, which is decomposed by evapora- 
tion, with deposition of sulphur. The magneshim-saH, C’‘H®Mg"S20Mi'^0, obtained by 
decomposing the barium-salt with sulphate of magnesium or the zinc salt with magnesia, 
forms minute colourless crystals. The nicktl-salt is obtained by double decomposition 
as a grass-green solution which dries up in a vacuum, with partial decomposition, to a 
dirty buif-colourod amorphous mass. The silver-salt is obtained by dissolving carbo- 
nate of silver in the free acid, l)ut the solution decomposes and blackens when exposed 
to light or heated to 100°. The zinc salt, C'H®Zn''!S O*, prepared as above described, 
separates by evaporation from a very concentrated aqueous solution in small crystals 
soluble at 100°, but blackening and decomposing with an offensive odour at a some- 
what higher temporatnro. 

Methyldithionute of Ethyl . — A mixture of the barium-salt with ethyl-sulphate of 
potassium distilled at a high temperature, yields an oily liquid together with largo 
quantities of snlpliurous anhydride. The product washed with water, dried over 
chloride of calcium, and redistilled in a vacuum, forms a light straw-colourocl liquid 
slightly heavier than water and having a peculiar lishy odour. It decomposes at the 
high temperature required to })rep:ire. it. 

Ethyltrithionic acid, C^}1‘'-S'‘0“, i.^ prepared in a similar manner to methyl- 
dithionic acid, the zinc-.salt being obtained by the action of sulphurous anhydride 
on zinc-ethyl. Its salts, which have the general formula or for 

diatomic metals are for the most part inon* stalde and nujrc easily crys- 

tjillisahle than the mothyl-dithionati .s. The Ihu lun.-salt dried over oil of vitriol contains 
C‘‘H"’Ba"S’0'',ir'^0, gives off its water at 100°, and bears a heat of 1 70° without decom- 
position. The c<ypper-salt, C^lI'"tkiS^O'’ (at 100°), crystallises from aqueous or alcoholic 
solution in groonish-ldue delinuescimt needh s. 'fhe sU cf r-.saK dried over *»il of vitriol 
in vacuo, contains C‘H'‘'Ag‘S It is white, cryst iHiue, very soluble in water, and 
highly deliquescent. It is not decomposed by light or by healing to 100°, but com- 
pletely at a somewiiat higher trinperaturc. The st>iliu,h-sa/t, C‘I l‘®Na‘S'HJ'‘.n-(), ob- 
tained by dissolving carbonate of sodium in the lUjUeouH acid, separates from the 
alcoholic solution by evaporation in a vacuum in small ill-d< fined crystals. 

Zinc-mlts. — d'he salt obtained by the action of .suljiliurous anhydride on zinc-ethyl, 
is a basic salt containing Zn"0.2C'Jl"'Zii".SH)'‘’.;lII‘(), the exce.ss of zinc-oxide arising 
from the action of water on the nndecumposed zinc-eilivl. By crystallising this salt 
first from alcohol, then from water, the normal zinc-salt (’^11 '‘'Zn"S®0''.H‘’0, is obtained 
in minute, colourless, needle-shaped crystals having a peculiar odour, and somewhat 
bitter taste. It retains ita water of crystallisation at 100°, dissolves sparingly in W'atcr 
either hot or cold, also in ether; is nearly insoluble in cold, but moderately soluble in 
boiling alcohol. 

Kthyjl-trUhionatc of dhyl, prepared by distilling the crystallised 

barium-salt with ethyl-sulphate of potassiqm in an oil-bath, is a yellow oily liquid 
heavier than water, having an offensive odofii\ insoluble in water, but miscible in all 
proportions with alcohol. (Hobson, Chem; Soc. Qu. J. x. 65.) 

IMCBTBY^bSITB. OH*. — This compound, the first of the series of hydrocarbons, 
C*H*", ethylene being the second, is not known with certainty in the free stride. 
Dumas and Peligot in 1835 (Ann. Ch. Phys. Iviii. 28), by passingifehloride of methyl 
through a porcelain tube kept at a cherry-rcd heat, obtained a gas which they re- 
garded as methylene. After being agitated with water till quite free from hydro- 
chloric acid gas and undecomj)osed chloride of methyl, and no longer yielded hydro- 
chloric acid when burnt, it ap^ared as a colourless gas, having no reaction upon 
vegetable colours. It burnt witli a yellow fiame, and 2 vol. of it exploded with excess 
of oxygen, consumed 3 vol. oxygen, and produced 2 vol. carbonic anhydride. Now 
supposing two volumes of the gas to contain CH*, that is to say 2 vol. hydrogen, this 
quantify of hydrogen would consume 1 vol. O, and the remaining 2 vol. 0 would form 
2 vol. CO* with the 1 at. C in the 2 vol. of the gas. The gas could not however have 
been quite pure, as charcoal was deposited in the tube dming its formation. Perrot 
obtained no evidence of the formation of methylene in the decomposition of methylic 
thloride by heat. (Sec p. 987.) 


METHYLENE: ACETATE— CHLOtllDE. 


lOOS 


Regnault doubts the existence of methylene, masmuch as it is ant obtained bjf 
treating methyl-ether, or wood-spirit, with exct\s6 of sulphuric acid. Again, H o f m a n n 
finds that it is uot produced by the d(H^omp 08 ition of liydmto of tetrameUiylammoniam 
by heat, though the hydrate of tetrethylamniouiuui, wlteu tn^atod in like manner, yields 
abundance of ethylene. 

Methylene is a diatomic radicle forming •‘thers analogous to those of ethylene, Th® 
acetate, bromide, chloride, iodiile, oxide, sulphid<% and sulpho-curbonate, have been ob- 
tained, but the series is at present much less complete than that of the ethylonic ethors. 


MSTBTZAKS, ACSTATS OF. 


(CUT\o* 


(Bailsrow, 


Ann. Ch. Pharm. cxi. 212.) — This compound is produced by the action of iodido of 
methylene on acetate of silver: 


CIVV + 2CU>AgO* 


2AgI -e C1IXC*H»0)«0‘. 




0 * 


] + ZIVO - 2C'U*rb"0* + C*H‘0*. 


An intimate mixture of the two substances in (Hpiivalent quantities, with the addi- 
tion of erystallisuble acetic acid, is hcatfd to 100^ for some hours; the n^sultiiig matoi 
is distilled in an uil-buth ; the* distillate isreetitied, the portion which distils abdvo 1&(P 
lading collccttsl apart; this |H)rtiun is satunited with linn*; and the acetate of calcium 
is <lis8olv(‘d out by wat4'r. Acetate of methylene then separati's ns uu oil, which is 
dritHl by chl<jri(l<* of calcium, and fn^cd from tin* last, trnci's of io«lide of methylene and 
acetic acid, by distillation over dry acetate of silver and a small quantity of quick- 
lime. 

it is an oily litpiid heavier than water, and Iniving an aromatic taste with pungent 
aft>'r- taste. It dissolves in water to a ci rliiin 4*xteiit without tlecomposiliou ; hut wh«u 
inclosed in a sealed tube with a (piantity of water not sutllcient to dissolve it at Oixll- 
nary tempemtureH, and In ated for tw« nty Inairs, it is dissolved and completely 

decomposed, yielding acetic acid and a solid volatile substance which dissolves readily 
in w'ater and remains as a white r«‘.sidue when the solution is evaporated in vacuo. 
Acetate of methylene boiled with a«jUM>us alkalis (potash or baryta- water) or heated 
w'i*!i tln*m in s«*a!ed tub«*H, is deeonijMjsjsl, yielding an alkaline tu.*eUttC, and perhapw 
also a small quantity of formate. N<uther in this deconqx^wifion nor in that by wntiir 
is any hydrate of methylene (methyl-glycol) fornu-d. — When acetate of methylene it 
heattsl with watt'r and oxiiie of lead in a 8**aled glass tub<\ ai.'etate of lead is formed, 
together with oxide of met hy lent? ; 

rClP I 

licnvoyl 

It is al.so decomposed by ammoni.i, but n<*ither in this case is any methylene-glywd 
formed. Tle se facts seem to show that metliylene-glyeol has no existence. (Hut- 
lero w.) 

JMUBTBTXtSVE* B»OMlX>B OP. CIPHr’. — Produced by the ticiion of bromint 
on the iodid<-. (Bnllerow.) 

MBTinrXtEBS, CBZ«0&XZ>B OP. (’II'^CP. - Produced by the action of chlorint 
on iodide of methylene (lJutlerow, Ann. Ch, Pharm. evii. 110; cxi. 242). When 
chlorine gas is passed into iodide of m.-tliylene eoven-d with water in a retort, and 
the retort is gently heated, a very volatile liquid isisses over into the receiver, and 
iodine 8( parates in the crystalline form. The oily liquid, which is chloride of methy- 
lene, is purified by heating it with chlorine and a few dro[« of potash-lye, drying over 

chloride of calcium, and rectifying. , . , 

It is a colourless liquid, heavier than wati-r, but lighter than the iodide. It hoi a 
penetrating odour vei^ much like that of chloroform. Poes not solidify in a mixture 
of snow and Boils at about 40°. ... - , . . . 

According to the known boiling points of the chlorides of tetrylenc, tritylene, and 
ethylene that of chloride of methylene should l>e 66° instead of 40°. Now a^rdii^ 
to Wurtz, the difference of boiling point between chloride of ethylene and the isomerio 
body chloride of ethylideue (ii. 690) is 25°. If then this same difference between the boil- 
ing points of chloride of methylene and chloride of methylidene, is al^ 26°, the hrtter 
should boil at 40 °, as the compound now under consideration actually does. Henoe 
Butl»^^ow thinks it not improbable lliat this compound is really chlorids of metkplidine, 
and oonseqnently that the iodide of methylene above dffscribed is also really an iodide 
of methyEdenc; but till fikif point is satisfactorily ascertained, it is beet to designate 

these b^ics as mctbylene-toompounds, , .i 

CUoride of methylene, or its isomer, monochlorinatod raethyuc chloride, CH’vLvly 


J006 JtfETHYLENE ; I0DIDEr-03|iH)E. 

is produced, together with chlort^^rii^i^CH 6l* Cl), by bringing chloride of methvl an/i 
chlorine together in sunshine, and condensing the products by refrigeration 
(Eegnault, Ann. Ch. Phys. [2] Ixx: 377). The compound thus obtained bZ' how 
ever, a much lower boiling point, viz. SO'd® (Regnault). It unites with triethX 


CHW + (C H^yp « (CJb:*ci)(C2h*: 


Chloride of Dinitromethylene, C(NO*)*Cl*. (Marignac, Rev. scient. v. 375 \ 
— This compound, which is closely related to chloropic^, C(NO*)CP (i. 922), and is 
commonly known by the name oiMarignads oil, is obtained by condensing the gaseous 
products of the action of chlorine on naphthalene, and purifying the product^ which 
separates after a while from the acid liquid in the receiver, by distillation with water 
It is a colourless, transparent liquid, having a specific gravity of 1*685 at 15^ a 
pungent odour like that of chloride of cyanogen, and producing great irritation of tho 
eyes. It is neutral to vegetable colours. Water dissolves only traces of it, but 
cient to impart the odour. It is very soluble in alcohol and ether, very slightly 
soluble in hydrochloric acid. Its boiling point is above 100^, but it distils with 
vapour of water. Metallic mercury absorbs the vapour, producing a mixture of chlorine 
carbonic anhydride, and nitric oxide. It is not acted on by aqueous potash, but alcch 
holic potash dissolves it easily, the odour disappearing after some time, and a crystal- 
line salt being precipitated which is decomposed with deflagration when heated. 


METHnsiriS, Z09JDS OP, CIPP. (Butlcrow, Ann. Ch. Pharm. evil. 
HO ; cxi. 242.) — This compound is produced by the action of iodoform on ethylate of 
sodium ; probably together with oxide of ethylene, thus ; 


CUP + Cm^NaO = CH^'P + CUPO + Nal. 

, .>,The best result is obtained when 9 at. ethylate of sodium (in not too concentrated 
floJution), and not turned brown by ex2)osure to the air, are gradually added to 4 at. 
pulveris(‘d iodoform. On adding water to the product, iodide of methylene separates 
as an oily liquid which must be washed wuth water and rectified over chloride of cal- 
cium. It is a yellowish strongly refracting liquid, of specific gravity 3*342 at -f- 5°; 
at -f 2^ it solidifies to a mass of broad .shining crystalline lamime, 

Butlcrow regards it as probable that the substance which Serullas obtained (Ann. 
Ch. Phys. XXV. 311), by the action of pentachloride of phosphorus on iodoform, was 
iodide of methylene; also the compound which Briining produced (Ann. Ch. Pharm. 
civ. 187), by treating iodoform w'itli alcoholic pota.sh; 

Iodide of methylene is not decomposed by potussiuni at ordinary tt niperatures, but 
on applying heat, an evolution of gas immediately takes place, ending with a violent 
explosion. Sodium acts in a similar manner, but file cxplo.sion is le.ss violent. When 
sodium-amalgam containing J of sodium i.s rubbed to powder and heated with iodide 
of methylene, a combustible gas is evolved, and iodide of .sodium is formed, together 
with a blackish carbonaceous substance which glimmers away when set on fire. The 
gas is chiefly hydr()gen, but appears to contain a small quantity of im-thyleiu* ; for 
when it is pjissed into bromine, after ha\*ing been freed from vapours of iodide of 
methylene and of alcohol by passing first through alcohol and then thi-ough water, and 
the bromine is afterwards treated with potash, a .small quantity of oil is hht undis.solved 
having an odour like tliat of Dutch liquid. Heated with metallic copper and water in 
sc’nled tubes, it yields cuprous iodide and a gaseous mixture containing carbonic anhy- 
dride, carbonic oxide, and marsh-gas, together with ethylene and some of its higher 
homologues, but no methylene (Butlerow*, Amn. Ch. Pharm. cxx. 356). Iodide of 
methylene treated with acetate of silver is converted into acetate of methylene (But- 
lerow). With tricthyl phosphine it reacts tdqjiilarly to the chloride. (Hofmann.) 

MaTBTUJrB, OXZBB OP. Dioxynuthykne, 

lerow, Ann. Ch. Pharm. cxi. 242 ; cxx. 295.)~This compotlhd, isomeric with acetic 
acid and methylic formate, is produced— 1. By the Ottalate of s^er on iodide 

of methylene : 

2C‘^Ag’0« + 2CH^P = + 4AgI -F, 200* + 2CO. 

2. By the action of oxide of silver on iodide of methylene.-^S. By that of lead-oxide 
on acetate of methylene. — 4. By the dry distillation 'tff ethyl-glycbllic acid (ii. 916). 
(Heintz, Jahresb. 1861, p. 448.) 

Preparation. — When 1 at. iodide of methylene is intiinrf^lj mixed with 1 at. oxalate 
of silver, and heated, a violent explosive action takes but if the mixture be pre- 

viously triturated with twice its weight of pounded glaal^or better, if it l)e^eated 
iuidgp a layer — a slow and regular decomposition takes place ; gas is abun« 


MEtifYLENE : SULPHOCARBONATE. lOW 

dnntly evolred, coiuiBttiigof carbonic anhydridc^iAd oorbonic oxide ; and diosyinediTlaca 
snblimee in the neck of the retort, or paases over witli tlio vapour of rock-oil into the 
receiver, and there condensee in a thin white layer, which adheres closely to the aidea 
of the receiver. It is purified by pressure between paper, and hashing with ether, 
alcohol, wd water, then with alcohol and ether, in the .order here mentioned, and 
lastly dried over oil of vitriol and sublimed in sealed tubes. 

lyoperties . — Dioxy methylene forms translucent^ hard, crystalline crusts having an 
indistinct crystalline structure. It is (xluurless at ordinary temp<‘raturt'8, but emta a 
iH*culiar, sharp, irritating odour when heatcHl. Tasteless. Neutral to litmus paper. 
May be sublimed without previous Aision. Ilegius to volatilise at 100®, but is^t 
completely vaporised till heatetl aliovf 150®; at alHHif \62° it molts, and immediately 
afterwards begins to lK)il. A lump of it quickly heat < h 1, melts and IkmIs at the same 
• time. Vaj)our-den8ity, obs. 207 ; calc. « 2 08. It does not dissolve in water, 
dcohol, or etlior when merely IkuKhI with them ; but when lieatod with water to 100®, 
in a sealed tube for several hours, it dissolves completely, fonning a solution which 
when evaporated in a vacuum, leaves a residue cou.si.‘iting cliiotlv of tin- unaltered oxide. 
This compound dca-s not tln'reforc behave witlj water like t>xide of ethylene, 
and indeed cannot recanled as tluM lher of tlu* Iiyp«uhetieal methylene-glycol, inas- 
much as that etloT should have the coinjHi.sitiou ('II-'O . hut it appears rether to be Uw 
homologuo of dioxyt thyleiie, (C’IP)H)* (ii. 500). 

Drco7ti/M>iti(ionM . — 1. Dioxy methylene has a great inelijmti(m totak<- tip an additional 
quantity of oxytjen, ht*ing thereby convertisl into ettrl»onie anhydride ami water, and 
N>metimes partially into f(*rmic and oxalic aeid. it n-duees tiie oxidts of silver and 
inerenry M’lien heated with tliem. yUrir (uui an<l a mixture of Hu/ijfinric mid and 
vhmmateof potussium converts it intoearhoiiie an)iydri«lc and water. Inclosed together 
with s|K>ng> platinum in a sealed tube ciuilaining oxygmi, it oxidises slowly at Ofidi* 
nary, quickly at higher temperatuns, yi.Ming carhimie aeid and wafer. Ileafed to 
100® for about 10 hours in .s'‘aletl tubes m it h water and ywre.ro/c of Ixnf 'w yields 
carbonate and formate of lead. In the pre|tMralion of thi,*^ compotnid }>y the ju'oeess 
above given, part «»f it appears to be oxidised by oxygeti derive,! from the oxalate of 
sil\ r: for the volume of earbonie ,‘Vo)ved is greater t lian that of the carbonic oxidd 
(they should be equal according t,) the above cpt.ationi ; and loward.s tin; end of til® ' 
ojieraf ion, oxalic aeid hublime.s in crystals: (.’*11 '<F + (p 11^0. -2. With 

red ioduh of ])ho,sj>honts it yiislds iodide of met h\ h ue. :ind i.s ;if the same lime juirtially 
carbonis<‘d. — When ,///o//,o,/,/-gas is p.iss. d <tver piil\,'n.se<l ..xitle of methylene, heat 
is evolv, cj, a watery liquid is separ.if,',!, and a volaiili' erystalliiie substance is fornnsl 
jais.Hc.s.sing ba.sie pro|)erlies. 1. If is ,1,-eoMiposTd by !i,;iting with /f./,,’ -war/, r or dilute 
\ into formate .ind melhyl' nitan (p. lorthj. 

Mi:TBYX.£Xari:, 8VX.PBZ1>X:8 or. (A. IJusen.ann, Ann. Ch, Dharm. exxvi. 
on (OK < i h pi > an snlphnlf^ (lIl'S, i.s obtaiie •! by lealing monosulphi<Ie 
of sodium with iodideof met hyh-ne, as a loos’.* white insobible j.owder When Inaited 
to l.'ib® it is Converted into a sublimable body, eonsisting of d t m < ( h p hn ic 
and probably identieal with the eonipoinid which (itrard 
(Ann. Ch. i’harm. c. .'lOd) obtain. d by tli.* a.fion of naseent hvdrogen (from zinc 
and liydroelih^rie aeid) on ‘•tiljiliid.- ,if e.irbon W)i,'n obtained as above, it cr) sf alliscM 
in long monoclinie j,rismh having an intoleraM.* ,»,!oijr of oiii.ms, melting at a tem- 
perature* above 20(b*, but volaf ili.sing in eonsiciorable quantity at a much h^wer tem- 
jaTiiture, It is sj.ariiigly solulde in im>st 'liquids, most readily in Im uci^k [iud Hulphide 
i)f car}nm. It forms erysfall'n.' doubb* ‘alf.s with the thluridni if nunarp, gohf 
and plnt'mnm^ also with mlralr if >^11 nr, and unites dir.'etly with iaditv, forming ft 
cryKtallim* eonqKitind, but not wifli hramifn. A////,/,- mtin- mul attacks if violently, 
giving off nitrous fumes audftrming a compound wiiieh cry .••t alii sen in H^’iite rhoinlxdie- 

drens, and probably, consists of dim«tby!en:e "xysidpliide, J .S’U* (Husemann). 

Girard’s that just described in its beliaviour w ith Molvenfj (fniUi 

benzene it ciT8tallis4*tJ in quadratfe prisms), and in hnining crystalline conifrounds with 
nitrate of silver and chUirides ofgohl ami plat mum ; it wus <l)ss,dved without de- 
composition by hydrpckloiic a«!d, slightly aDo by dilute suljdiuric acid; when heat04l 
with strong sulphiMric acid it t^'onqsjswi, w'ifh sepuralion of sulphur. Hot nitric 
add decotnpofisai it completely, with formation of snjphurie lu-id, esrbonie add, and 
water. 

MESTBrun, BinM||itdOAmBOJrAT» or. Heparan^ongontly 

heating an alcoholic solution of dioxymethylcne witli siilphocarlxmate of fodioin, m a 
yellowish-white, amor|»hons, inodorous powder, insol tilde in water, and converted by 


1008 methyl-nit^ophenidiIIe. 


faming nitric acid into methylene-sulphnrotis acid (Hofmann and Buckton*s disalpbo. 
metholic acid ; Liebig*8 metbionic acid), (Hasemann.) ^ 

MSTUYLti:^E-PB08m0NXUM8, See Phosphorus-badiclbs, Oaoaxic. 

M:STBYLE8rE-8ULPamoU8 AGIO. See Sulpuuboub Ethers, 

METBYEENXTILB. C'H'W fButlerow, Aim. Ch. Pbarm. cxx. 296.)— A 
saccharine substance somewhat resembling mannite, produced, together with formic 
add, by the action of strong bases on dioxymethylene : 


4CTI»0* = + CH^Ol 

Dioxymethylene. Meihyleiiitan. Formic acid. 

Dioxymethylene dissolves when boiled with excess of baryta- or lime-water, and if 
lime-water be gradually added to the boiling solution till it assumes a deep yellow 
colour, the liquid remains neutral, is no longer precipitable by carbonic acid, and when 
eyaprated in a vacuum, yields a yellowish synip, consisting of methylenitan, mixed 
with crystalline calcic formate. On treating this residue with absolute alcohol, the 
methylenitan dissolves, and remains, on evaporating the alcohol, as an amorphous body 
(containing a little lime) having a saccharine taste, and a faint odour like that of 
caramel. The solution has a slight acid reaction, is coloured yellow by alkalis, and 
decolorised again by acids; it reduces an alkaline cupric solution almost instantly 
when heated with it ; has no rotatory power ; and does not appear to ferment with 
yeast. When heated for several hours to 100°, with excess of butyric acid, it forms an 
oily bitter compound, probably Cai"(C'IIK))30«, having an odour of cheese, insoluble 
in water, partially volatilised in a current of air at 160°, and yielding butyrate of 
barium when saponified by baryta-water. 

MBTHTZiBZrS«STAKrirAMCYX:i and MBTHYXiB2irB-8TAirirBTBY]b. 

See Tin-radicles, Organic. 

MBTBTli-BTBTXi-AXICYXiAllIXM’B. See p. 1001. 

MBTHYB-BTBYZ.-AMYX.O-PBBlirYX..AMMO>rZinM[. ) See Piienyl- 

MBTBYXi-BTHYXi-AiarXXiXK'E. ) amines. 


MaTBT]^BTB-n.ATB OP BTBTBBBB. CH».CW ] '<>■ 

gether with dimothylatf of ethylene (p. 1002). by distilling « mixture of methylic and 
ethyhe alcohol with sulphuric acid and peroxide of manganese. (Wurtz.) 

MBTBYZioBTBYJL-CABBAlMEXXIB. See Card amides (i. 754). 
MBTBYX.-BTBYX.-COBXirxi7M. See Conine (ii. 6). 
MBTHYB«BTHYZiXC BTBEB. See Ethyl-metiiyltc Ether (ii. 542). 
MBTB!YXi*BTHYXi-PHBBYXiAllXXBB. Seig Phenylamines. 
MBTHYZi-BTRYZi-iniBA. Syn. with Methyl-kthyl-carbamide. 


MBTHYXi-BBPTYXiXC ETRBR. Syn. with IIepty'l-methylic Ether. 

MBTBY^-BBBYXi, or MetAyUaproyi. CTP® = Obtained by the 

electrolysis of a mixture of acetate and oenanthylate of potassium, but in small quan- 
tity only, probably beamse oenanthylic acid ispiuch more easily electrolysed than acetic 
acid. On rectifying the resulting oily bqiud, the portion which distils at 85° is found 
to consist chie% of methyl-hexyl, having a vapour-density of 3-426 (calc 3*466^ 
(Wurtz, Ann. Ch. Phys. [3] xliv. 275.) v o 

MBTBYXiXA. Syn. with Mbthylaminb. 

MBTaYI.XBBBB-COMPOXrBXIS. See p. 1006. 

MBTBYlj-^SXJirB. A violet compound obfained by v. Babdl hy the action 
of methylic sulphate on chmoline (i. 871). ^ action 

MBTBYXi-XhACTXC ACXB. See Tactic Ethsbs. 

WBTBYXi-XiUTXXIZnrB. See Lutidine (p. 738). 

MBTBYB*MAXiZO ACZB. See Malic Ethers (p. 799). 

YXi“BIOBPBXW B< See Morphine. 

HBTBTB-irzcOTZXrB. See Nicotine. 

««aTBTB.]nT»OPBBBXl>I]rB. Syn. with NtTHAWsiDnoi (i. 304). 


METHYLURAMINE. 
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Ma x m Y X firrnfcoSAMOY&xc aozb. See s^ucYuo Ktna&a. 
lNaBTKTXi-OBirAVTBT&. C*H‘*0 - CH*,C’H’*0. (StSdeler, J. pr. Gh«m, 
Ixxii. 246.) — A compound acetone, isomeric with caprj’lic aldehyde, obtained by <Kb- 
tilling a mixture of equivalent quantities of acetate and cenantliylate of sodium; alto, 
together with heptylic or octvlic alcohol, by distilling ricinolcate of potaMium or 
s^ium with excess of caustic alkali (stn* Heptyi., Htdrath p« 144). It is a thin, 
colourless, neutral liquid of specific gravity 0*817 at 23®; boiling between 171® and 
171*5®. Its smell recalls that of oil of rue; taste similar, and slightly burning. It 
makes grease-spots on paj)er ; does not t urn acid on exposure to the air, even in oontact 
with platinum-black; burns with a bright yellow flame*. It is insoluble in valuer, but 
mixes in all proportions with ahvhol and rther; mixes with SM/pAwric octrf, evolving 
•heat, and is precipitatal from the yellow solution by waUvr, appartmtly unchanged. 
With ammonia^ potash, silirr-oTtdt', and chromic avid, it Wlmves like eaprylio aldehyde 
(i. 746). With pinta 4 :hforidc of phosphorus, it yields chloride of octylone, 
(Dachauer, Ann. Ch. Pharm. cvi. 269.) 

IMCBTBn-CBXrAirTBTXiZO BTBSm. Syn. with UbPTYL-MBTUTLIC Ethbji 

(iii. 

MSTBTXi-OXAZiXC AOZD. Se.- OxAi.u* Etiikus. 

MBTBTX.-OXAMZC AOZB. Sim* Oxamic Kthkus. 
MEBTHTZioPARABANZO AOXl>. Sre Chioi KsTitoi'iiANE (i. 926). 
MBTBYZii-PAilATARTAliZC ACZZI. St‘e Tautauic EiHKni. 
MBTKYXi-PBBNZnZWr. Syn. with ANKsiinNK (i. 304). 
MBTBTX*-PBB>rYZ.AMZ2irB. S.m- Phknyi.a mines. 
MBTBYZt-PXiUMBZZlBS. Sim* Lkad-kadici.f.s, Ohoanic (iii. 503). 
MBTBYZi-PHOSPHZBBS am! PBOBPHOBIVMS. See IhlOMrilonuS- 

KADICI.KS, (>H()A.M(’ 

XWCBTKYIi-PBOSPBOBXC ACXD. See rnosmoHK! Ethkhs. 
MBTBYXt-PBOSPHOROUS ACZZ>. S*m* Pm<>hi>hohoi h Ethers. 

MBTBYZ.-PZPBBZOZBE. See PirKRiiuNK 

»IETBYXt-PZPBBYX.-CA»BAMZZ>B. Se,. Cahhamides (i. 757). 
MBTBYXi-SAZfZOYZiZC ACZZ>. See Samcyi.h* Ethkhs. 

MCTBYZI-8EX.BBZC and .8BZ.ENZOVB ACZZ>S. Si^c SKi.KNlcand Sklkniouh 
Kthkhs. 

MBTBYZi-BTAWBBTBYXi. See Tin-i<ai»I(1 es, Ouoanic. 
MBTBYZfBTZBTUrBB. See Antimony-uadici.ks, Ohoanic (i. 344). 


MBTHYX.-BTBYCBN’ZlfB. See SruYCiiNiNK. 

MBTBYXt-BUXPBVRZC ACID. See Si i.iilfHIC EthkUH. 
MBTBYX.-B1XX.PBOCADBOBZC ACXD. See Si’i.i'HOf’AHHO.MC Etiikus. 
MBTBYX..8tTX.PBOPHBirXC ACXD or 8UX.PBABrX80BX0 ACXD. 
All acid obtaim-d Vy diss.dving uiiiKoI in Mrong .•^ulpburie acid (see i. 305). 
MBTBYXi-TABTADXC ACXD. See Tahtahic Etiikus. 
MBTBYX.-TBX08XJrAMIJrB. See Tiiiokinamink. 

MBTBYBXrBAMZXS’B. C'*JrN*. (I)esHaigneH, Corapt, rend, xxxviii. 839.)— 
A base? produced by heating an aqueous wiliition of ereatine or cn‘at|iijn« unth mcr- 
ciipric oxide ; carbonic anliydride in then cvoIvimI without a trace of Hmnioiiia ; the oxl^ 
of ^mercury is partly reduced ; and oxalate of niethylunirnine is obtained in crystals. 

2Cph*n»o* + o‘ - 4- 2CO» -f n*o 

CrcAtine. (I Ablate of Mtthjrl- 

iiramloe. 

(carN»)*.c=‘iPO* + 


2CO*. 


2C*H'N*0 + 0* 

CrealHie. i 

f the quantity of oxide of mercury is too small, the ercstaU 

ramine are mixed with crystals of creatine ; but when a sufficient quantity of 
lerenric oxide is used the oxalate of methylamine is oUained m large quantity and 
uite free from creatine. To separate it completely, the solution must he repcat^y 
^ted with alcohol and evaporatetl. It may also be F®du^d 
^i^roxide of lead and sulphuric acid; but this melh^ doe. not yield so pure a 
irmluct as the pr<*ceding. (Dcssaigncs, Compt. rend. xli. U6».) 




1010 


METHTL-UREAS— MICA. 


Methyluramine is obtained in the free state by heating the oxalate with a sliffht 
excess of pure milk of lime, and evaporating the filtrate in vacuo. It is a white solid 
body having a crystalline surface, due perhaps to absorption of carbonic acid; ver 
deliquescent. Its taste is caustic and ammoniacal. Heated on platinum-foil i^ 
volatilises completely, exhaling a strong odour of burnt creatine. ’ 

Methyluramine contains the elements of urea and of methylamine, minus 1 at. water 
(Hessaignes): 

-h H^O = CIPNV + CH^N. 

It may also be regarded as formed from 2 at. ammonia, by the replacement of 2 at IT 

(CN 

by 1 at. cyanogen and I at. methyl respectively : C^IPN^ « NmCH*. (Gorhardt 

(H^ 

IVaitS, Hi. 941.) 

Methyluramine heated with baryta-water is decomposed, giving off ammonia with 
an odour of sea-water. It eliminates ammonia from aramonical salts at ordinary 
temperatures. With the chlorides of barium and calcium, it forms copious pre- 
cipitates, which are soluble in a large quantity of water, and in dilute acetic acid. 
With sulphate of aluminium and ferric chloride, it forms precipitates which re- 
dissolve in an excess of the precipitant. It precipitates the salts of load, copper, and 
mercuiy: forms a whitish-yellow precipitate wdth nitrate of silver, and dissolves oxide 
and chloride of silver. 

Methyluramine combines with acids, forming crystalline salts, which have a slight 
alkaline reaction, and when heated w'ith caustic potash-solution, give off copious 
alkaline vapours consisting of ammonia and methylamine. The sulphate, hydro- 
chlorate, and nitrate may be easily obtained by decomposing the oxalate wuth the cor- 
re^onding calcium-salts. 

The chloroplatinatc, 2(C‘IPN’*.IICl).PtCl\ is obtiiiin d, by mixing a concentrated solu- 
tion of the hydrochlorate with platJnic chloridt^, in spU ndiil orange-coloured rhomboids, 
which, when redissolved and recrystalliso'd by cooling, oft(m take the form of flat prisms, 
arranged in parallel groups. The salt when calcined (units an odour of trimcthylamine! 

The oxalate, prepared as above, forms flattened prisms arranged in parallel groups, 
containing (CTPN®)'''.C'^iP0b2H'^0. It gives off its water of crystallisation at 100°, 
is very soluble in water, has a disagreeable taste, and blues reddened litmus slightly! 
II(!ated on platinum-foil, it exhales the same odour us creatine. 

MSTHTXi-imSiiS. See Mktiiyl-carpamides, under Carbamioks (i. 754). 

MSTBTZi-XASrTBZC ACZXI. See Xantuic Ethers. 

MBTOZiirZBZN’B. Syn. with Mki.ohenzyi.amine. See Benzylamine (i. 576) 

A crystalline substance obtained from Kawa-root, the root 
of Piper Methysticum (see Kawa, p. 445). 

MSZBRBUM-SSSB8. M. Marti us (Arch. Pharm. [2] cx. 30) obtained from 
3 lbs. of mezer('um-seeds {Semen coccoynidii), between 20 and 26 oz. of a fatty 
vesicating oil, and about 2 drms. of a substance which crystHlli.«ed from alcohol in 
white cauliflower like masses. 


MrABOTBZTB. A sulphantimonite of silver, Ag^S.Sb^S* or AgSbS’, found at 
Briiunsdorf, near Freiberg in Saxony, associated with argentifercms arseiiiod pyrites. 
It forms thick tabular, j>yramidal, or short prismatic crystals belonging to the mono- 
clinic system. Ibitio of axes a: b: c: = 03565 ; 1 ; 1 0377. Angle of inclined axes 
™ 81° 36 ; (»P ; (»P =* 39° 38 ; oP ] = 109° 9'. The lateral planes are 

deeply striated. Cleavage parallel to qcP<» and [Poo ], imperfect. Hardness =» 2. 
Specific gravity = 6 2 to 5 4. The cry-stals are opaque, with sub-metallic adamantine 
lustre and iron-black colour; thin splinters appear blood-red by transmitted light. 
Streak dark cherry-red. Fracture subconchoidal. Very sectile. Contains according 
to IT. Rose (Pogg. Ann. xy. 469), 2P95 per cent, sulphur, 3914 antimony, 36*40 
silver, 1 06 copper, and 0 62 iron (= 99*17); the formula requins 212 sulphur, 42*9 
antimony and 35*9 silver. In an open tube it melts easily, gives off sulphurous 
anhydride, and yields a sublimate of antimonious oxide. 

The Hypargyritc of Breithaupt contains, according to Plattncr, 35 per cent, silver, 
and is probably a variety of raiargyrite. (Dana, ii. 75.) 

M^SCZTB, A gnimilar slaty rock consisting of orthoclase, mica, and elaeolite* 
sometimes with quartz, albite, and hornblende. 


mCA. The generic name of a numl>er of mineral specie.^, including Muscovite, 
Phlogopite, and Biotite, dist nguished by a more or less laminated structure, hence 
called mtcacfous. Tliey an* usually divided optically into uniaxial and biaxial micas, 
but in reality they an* all biaxial, and appareirtly irimetric ; but in some, viz. the biofites,’ 
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the angle between the optic axes is small, not amounting to 6®, while in oth«ni» Tia. 
the muBi'ovites, it varies V'twetm 45® and 55®. 

Chemically, micas may be divided into potash -micas, containint^ little or no 
magnesia, these being again suMivided into those which contain lithia, and those 
which are free from that alkali; and magnesia-micas,. containing for the most part 
from 20 to 30 jwr cent, of msignesia. The micas which do not contain magnesia are 
those in which the optic angle of the axes is the largest ; hence they are commonly 
distinguished as biaxial micas. 

The micas, even of the same subdivision, prt'sont such differences in cbemical 
comjxisition (at least, acwnling to the analyses that have hitherto Innui made of them), 
that it is not an easy matter to bring them under general fonnulac. According to 
Rammelsberg, however, they may be represented, with eonsidemblo anproaeli to 
accuracy, as tbllou's, M denoting u nion-atomic, and 11 a sesqni-atomic metal : 
Potash-mica ..... 2M’0.3Si0* + w(2R'*0*.3Si0*) 

Magnesia-mica .... 2M*O.SiCP 4 «(2H*0*.3Si0*) 

Acconling to these formnlre, the magnesia micas are orthosilicates, both terms of tho 
second formula being rc<lueil»le to the form M’SiO*. whereas, in the formula of the 
jxitash-mie.as, only tlie second term can be thus reduced, the first containing 2 at. 
silica in addition. 

I. Potash-Mk’A. 

a. Not containing Lithia. 

Muscovite. Common, Oblique or BioA'i at Mica. Muncovy glass, Verre de Muscovir. 
Glimmer, in part. — This mineml oceurH in frimetrie hjrms, usually liemihedral, and 
having a monoelinic aspect. <xp : ocP ^ 120'^, CMeavage basal eniinent ; oecusioindly 
also at right angles to two opjx>site sides of oP; separating in fibres. It also forms 
twins, often obsen’ablo by internal markings or by pdarised liglit; faee of eoniposition 
parallel to ooP. Folia sometimes aggregated in .stellar or plumose groups. Hardness 
2 to 2 3. Spwiflc gravity ■* 2‘75 to 31. Lustre more or less pearly. Colour white, 
gr^’, pale green, and violet -yellow, sometimes brown and dark olive-green; coIonrH 
difierent in tlie axial and diametral <lireetion.s. Streak uueolonred. Transparent to 
translucent. Thin lamina*, Hexil»h' and elastic. Very fougli. Si^ctile, lliaxial ; angle 
between optic axes varying from 15® to 75'^. 

When heated, it gives off inor*' or le.««s wafer, which exhibits with glass the reaction 
of hydrofluoric a<’i(l. Melts In-fore th<* Idowpip'* more or loss easily, to a grey or 
yellowish tumefied glass. (Jives with fluxes the reartions of silica and iron (soinetimcH 
of manganc.se). 

Analyses: a. From Litelifiidd in I lie State of Maine white (Sm i ( h and II rush). 
— b. County of (’arlow, Ireland: gn*y ; angh* of ax<‘s - 72® 1<S' ( H a u g h t o n). - 
c. Glendalough valley, ( 'ouiity (d’ Wicklow: ;mgh‘ofaxe.s - 10' 4'; specific gravity tri, 
2*793 (Ilaugh t on). — d. (n ux, near St.. Ft iemie in the Vosgt-s : gnwish-white, reddish 
by transmitted light : .sjiccific gravity 2 S17 (PoL-sse). e. /sidovaez. in llnngary : 
white; specific gravity 2 M17 (Kussi n).- /’. Schwar/.ensfein, Zillerl lial (ehrome- 
mica; fuclisito) : green (Sell a fhiiut 1).- y. Utb, Sweden ; golden-yellow (H. Rose). 
—5. Ochotzk, Siberia (H Rose). 



n. 


1 

ti. 

f. 

j"/. 


h. 

Fluorine 


. . 




0*35 

0*53 

0-28 

Silica 

•14 fiO 

1161 

11*71 

46-23 

48-07 

47 95 

47-50 

47*19 

Alumina 

Chromic oxide . 

36-23 

30-18 

30-13 

33 03 

38-11 

3M5 

3-95 

37-20 

33*80 

Ferric oxide 

1-31 

6 35 

4 69 

3 48 


1*80 

3-20 

4*47 

Manganous oxide 



• • 




' 0-81 

1 2*58 

Magnesia . 

0-37 

; 0-72 

i 0 90 

2*10 


0*71 


Lime 

0*60 


1*09 



0*59 

. . • 

013 

Potash 

6-20 

12-40 

1 9*91 

8*87 

10*10 

10*75 

• 0 

8*35 

Soda .... 

4*10 j 


1 1*27 

1 45 


0*37 



Water t 

5*26 

5-32 

6-22 

4*12 

3*42 


2-63 

4*07 

i 

98 - 6 () 

99 61 

98-92 

9928 

100*00 

100*92 

101*47 

1 
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Common mica is a constituent of .granite and ita associate rocks, fpieiss, sycnifo and 
mica-slatc. It occurs also in more rf*cent aggregate rocks; also in iniWldcd crystals 
in granular limestone, wackc, trachyte and l>asalt. Coarse lamellar aggregations of 
it often form th<‘ matiix of cn*sts% of topaz, tourmaline, and other mineral species. 
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Mica is sometimes altered by the action of water, losing its elasticity and transparene 
and oft^n some portions of its alkalis and ferric oxide. Margarodite (p. 853) anne^^’ 
to be a mica thus altered; also, perhaps, Damourite (ii. 303); GUbertite, a 
found at Stonagwyn, near St. Just in Cornwall, containing, according to Lehunt 45 1 5 
per cent, silica, 40*11 alumina, 2*43 ferric oxide, 4 17 lime, 1*9 magnesia, and 4-25 
water; and Sericite {q, v,). 

/5. Containing lAthia. 

LepidoUte, Tnmetric, often occurring in oblique, rhombic, and six-sided prisms of 
1 19® to 120 ® ; also in coarsely granular masses consisting of foliated scales. Cleavage 
basal, highly eminent. Hardness = 2*5 to 4. Specific gravity = 2*84 to 3 . Lustre 
pearly. Colour rose-red, violet-grey, yellowish, whitish. Translucent. Anglo of 
apparent optic axes *= 70 ® — 78 ®. 

When heated, it gives off water exhibiting a strong reaction of hydrofluoric acid* 
Heated before the blowpipe, either alone or with a mixture of fluor spar and acid 
sulphate of potassium, it colours the flame red (in the latter case sometimes also green 
from the presence of boron, C. G m e 1 i n). Melts easily before the blowpipe, and exhibits 
the reactions of iron and manganese. It is attacked with difficulty by hydrochloric 
and sulphuric acid ; after fusion, the finely pulverised mineral gelatinises with the 
acid. 

Analyses: a. From Ziimwald in the Erzgebirge (Lohmeyer); b. From the same 
locality (Rammelsberg) ; c. .Mtenbeig in the Erzgebirge (Stein) ; d. Cornwall 
(Turner); e. Rozena in Moravia (Rammelsberg); /. Utd in Sweden (Turner); 
g. Chursdorf in Saxony (C. Gmelin) ; h. Juschakowa in the Ural (Rosales). 



a. 

b. 

c. 

d. 

e. 

/. 

g- 

h. 

Fluorine . 

6*36 

7*47 

1*43 

4*56 

7*12 

3 90 

4*81 

10*22 

Chlorine . 

0*21 


0*40 




1*16 

Silica 

42*97 

4652 

47*01 

50*82 

51*70 

50*91 

52*25 

48*92 

Alumina . 

20*59 

21*81 

20*35 

21*33 

26*76 


28*34 

20*30 

Ferric oxide 

1418 

4*68 

14*34 

10*09 



Ferrous oxide . 


6*80 







Manganic oxide . , 

, 




1*29 

1*20 

4*06 

4*67 

Manganous oxide 

0*83 

1*96 

1*53 






Lime 





0*40 



0*12 

Magnesia . 


0*44 



0*24 



Potash 

10*02 

9*09 

9*62 

9*86 

10*29 

9*50 

6*90 

10*96 

Soda .... 

1*41 

0*39 



1*15 



2*23 

Lithia 

1T)0 

1*27 

4*33 

’405 

1 27 

5*67 

4 79 

2*77 

Water 

0*22 


1*53 



Phosphoric add . 


0*13 



0*16 





98*38 

0 

0 

01 

0 

0 

100*71 

100*38 

99*35 

100*15 

101*35 I 


The lithia-micas contain a larger proportion of manganese than those in the preced- 
ing division. Rammelsberg restricts the name lepidoliteto those which are free 
from iron. 


2. Maqnesia-Micas. 

The micas of this division, mostly of darh^gpreen, brown or black colour, contain only 
about 40 per cent, silica, often a large quantfty of iron, and magnesia as an essential 
constituent sometimes to the amount of 30 per cent 

Potash is also present, but in comparatively small quantity. Moreover these micas 
almost always contain fluorine, and frequently water. Before the blowpipe they melt, 
for the most part with difficulty, to grey or blackish glasses ; with flaxes they give 
u strong iron-reaction. They are attacked with difficulty by hydrochloric, but com- 
pletely decomposed bv sulphuric add, the silica remaining in the form of the laminse 
with white colour ana mother-of-pearl lustre. 

piilogopite. ^ Rhombic Mica. — Trimetric, occurring in rhombic or hexagonal 
prisms, with biaxial refraction. ooP : oeP => 120®. Colour yellow or copper-red; also 
white or colourless and different shades of brown. Cleavage as in muscovite. Angle 
of apparent optic axes, 6 ® (or less) to 20 ®. 

Analyses: a, h, c. From Edwards, St Lawrence County, New York: a. dark yellow- 
brown; b, and c. colourless, with silvery lustre (Craw). — rf. From the Vosges: in 
granular lime-stone : greenish ; spedfle gravity, 2*746 fDelesse).— r. J^erson County, 
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New Yofk : brown; ftisoa eanly before the UowpiTO to a white enamel, and oolonn the 
flame reddish (Meiticndorff).— /. Sale in Sweden (Svanberg). 



a. 

b. 

c. 

If. 

f. 

/. 

Fluorine 

4-20 

trace 

trace 

0-22 

3-30 

0-63 

Silica .... 

4014 

40-36 

40-3 

37-54 

41-30 

43-64 

Alumina 

17*36 

16-45 

1608 

19-80 

16-35 

13-05 

Ferric oxide 

trace 

trace 

trace 

1-80 

1-77 

7-90 

Manganous oxide . 
Magnesia 

Lime .... 
Potash 


. . 


0-10 

’28-'70 

1-06 

*2810 

29-55 

’30-26 

30-32 

25-98 

10-56 

7-23 

6-07 

7i7 

9-70 

6-03 

Soda .... 

0-63 

4-04 

4-39 

1-00 

005^i 1 

IiOM by ignition . 


0-95 

2-65 

1-51 

0-28 

3-17 


10009 

9918 

99-80 ! 
1 

100-16 

101-M 

100-45 


« With lilhia. 


This kind of mica is especially chariictcriatic of granular limestono. The pblogopiteM 
are very liable to change, losing their elasticity and becoming pearly in lustre, often 
with brownish spots, as if from the hydration of the oxi<le of iron. In some cases, an 
alteration to steatite has been observed. 

Slotlte* Hexagonal Mica. Uniaxial Mica. — Pndaibly triinefrie, formerly snv>- 
posed to be hexagonal. Occurs usually in tabular prisms with Vtnsal eleavag<\ higlny 
eminent ; common also in foliated masses, llidraction biaxial ; angh* between tin* axes 
less than Hardness = 2'6 to 3. Specific gravity »= 2 7 to 31. Lustre [K'lvrly, 
often submetallic on the terminal faces of the j)rism. rol('urs various, ns in the pre- 
ceding species; usually dark green, br>wn, or nearly black; soim'times white or 
colourless. Streak uncoloured. Transparent to opaejue. 'rhin lamina*, flexible and 
elastic. 

Analyses: a. From Lake Baikal in Siberia (H. Rose). — h. Vesuvius: yellowish 
g^en ; cry8tallip<*d (C. Bromeis).— c. Monroe, New York: ilarkgr^en (v. Kobell). — 
d. Greenwood Furnace, near Monroe: dark gre<‘n (v. Ifauer). — e. Bchwarzenstein in 
the Zillerthal : green (ehromc-mica) (Sch af h ii u 1 1). — f. Eifel : pinchbeck brown 
(Kjorulf). — g. From the protogyne «»f the Alps : darkpjeen ; specific gravity «« 3-127. 
Difficult of fusion before the blowpipe : ]>erfectly <lccouiposil)le l>y hy«lrocliloric acid 
(Deles.se). — h. Abberfoss in Finland (Svanberg). 
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Fluorine . 

0-6.5 


0-50 


Irnre 


1 58 

0 29 

Silica 

42-01 

39*75 

40-(IO 

4 0-2 1 

•17 -OH 

•13-10 

1 1 -22 

3I)-11 

Alumina . 

16-05 

15-99 

16-10 

19-09 

15 1.5 

15 05 

13 92 

9-27 

Ferric oxide 

4-93 

H-29 

7 '50 

7-96 

5-72 

25-81 

26-90 

37-39 

Chromic oxide . 





5-90 



2-57 

Manganous oxide 
Magnesia . 

Lime 





l-(>5 

10-82 

0-81 

1 09 

2.5-07 

24-19 

0-87 

21-61 

21 15 

1 55 

11 -.58 

4-70 

2-58 

3-29 

0-76 

Potash 

7 55 

8-78 

10-8.; 

5 22 

7-27 

4-62 

6-05 

6-06 

Soda .... 




0-90 

117 

0-82 

1 40 


l/oss by ignition 


0-75 

3-00 

2-89 

2-86 

1-50 

0-00 


Titanic acid 



0-20 



103 



Undocomposed matter 


0-10 


. . j 






97-16 

99-02 1 

199-73 

98-97 1 

98-.38 

103-59 

100-34 

98-00 


This species is perhaps identical with the preceding; indcwl no definite line of 
demarcation can be drawn between them. Since the ^Krcentage of iron decreases, 
for the most part, as the magnesia increases, part of the iron must be presc-nt as ferrous 


OXioe. inammeisoerg.; » i « j 

VesuviAn biotito occurs in brilliant well-defined crystals ; that from Greenwood 
Furnace, New York, in large very regular rhombic prisms, and tetrahedral pyramids. 

Biotite occurs altered to rubi llan and steatite ; it has also been observed altered to 
magnetite in the Tyrol, 
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Foe furthfr details respecting the optical properties of micas, see Dana’s „„ 
Im, ii. 217 . and for a full dfscussioS of tL ch^emical formula, Rfm^els W.' 
Mtneralchemie^ pp. 666-672. soerg « 

■ foSft^efufe™’ ^ » distinctly 

et.M“arf“”wt -riety of opal, from the island of 

MXC&OSKOMZTS. A variety of bromochlorido of silver. (See Silybh.) 

MZC«OCX.ZXr. A variety of orthoclase from Arendal in Norway. Bftithaunt 
however regards it as tnclinic, although the angle between the principal dirSS 
cleav^e differs by only 22’ from 90°. According to Breithaupt, als7 tImTw oJ 
miascite (p. 1009) consists of microclin. ^ 

MZCKOCOSMZC 8AZ.T. Ammonio-sodic phosphate, (NHnNaHPOMH^’O 
used as a fluY in blowpipe experiments. (See Blowpipe, i. 624, and Phosphatos ) ’ 

- ChesteHleld, 

^ fossil resin found in the coal-seams at the Middleton 
wllienes now Leeds, and at Newcastle. It is brownish-red, of specific gravity 1 6 
nearly >nso uble ,ii alcohol other, and oil of turpentine, and contains Sfi-K/cent 
carbon, 8-01 hydrogen, and 5-50 oxygen. (Johnston, Phil. Mag. 131 xii 26n 
MZSKITB. Syn. with Dolomitr. “s l j • ■) 

Syn. with Pyromobphite. 

MZX.X is the li(juid secreted by the mammary glands of the class of animals called 
Mammalia. Its colour is generally white, often bluish-white, more rarely yellowish • 

and in generaUn alkaline 

reaction. The specific gravity of milk varies between 1018 and P045 (SchererV 
parity of human milk = 1 032 (Simon); = 1-03267 (1 02561 
1 04648). (Vernois and Becquerel.) ' 

Chemists differastothereactionoKnshmilk. Beraeli us, Peligot, and Lassaigne 

ascribe an acid reaction to normal milk; Simon and others, an alkaline reaction and 
consider that when it is acid, that quality is due either to the milk having been allowed 
to stand before testing or to disease. Moleschott, however, found that in two cases 
cow s milk (stall-fed) whifli had just been drawn was .acid. Elsasser examined 38? 

nemrai"a.T'n 1 but most healthy ; of these 45 werf 

neutral, and the rest alkaline. Rattenmann, out of 272 specimens, found only 

two acid, and that probably owing to some extraneous cause. On the contrar/ 
out of 94 specimens of fresh cow’s milk, Rueff found 44 acid ; out of 46 specimens 
JiTy. slHv.p’«miIk as often acid as alkaline or neutral ; ^iuTthe 

milk of carnnorous animals (dogs and cats) always acid. Dumas remarked that 
dogs milk coagulates by heat like turned cow’s milk. Peligot found ass’s milk 
always acid ( 5 cases). Tim reaction of the milk seems in som! measure [^ depend 

According to D’Arat and Petit, the milk of 
stall-fed animals is always acid, and becomes alkaline only when they are turned 
out to grass. Hermbstiidt found milk that had remained^ong in tt^dder^ 
Fraas ^used a cow to be milked six times in a day. and found the milk in each case 
interval of 24 hours, the cow was again milked, when the first 
portion of the milk was found to be alkaline, the kst acid. Schlossberger, how- 
ever, found the milk of a cow which had not been milked for 14 days, alkaline In 
some experiments the milk was as often acid as Saline, but that drawn in the mom- 
ing was more often acid than evening milk. 

jVIien milk has stood for some time, a thick yellowish-white stratum, rich in fat 
fleets on Its surface (cream); while the lower portion becomes bluish-white, and 
poorer in fat, and at the same time increases in specific gravity. If the surrounding 
temperature bo not too low, the milk, when previously alkaline, acquires an acid reac? 
tion, but remains homogeneous for a time. It then coagulates, fresh milk more quickly 

temDerature be rather elevated, and the atmosphere 
chwfed inth electricity. immediately coagulated by rennet. If it be rapidly 

eva^rated, a tiense white film forms on its surface. * H J 

The sponUnwus coagulation of milk appears to be caused by part of the milk-sugar 
^eij^uig Mid fermentation, and thus yielding lactic acid, which precipitatwi^L 

J “ 10 hours by rlnne^ and milk 

alkaline by addition of alkali is not coagulated by rennet (Denis). Selmi. 
®f*^^*^*?haline milk -in ten minutes with rennet, and the m^he^liquop 
was still alkane after the precipitation of the casein. (See Caseik.) *** 
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Viewed under the microscope, fresh milk appears as a clear liquid in which the 
so-called milk-^lobuUs are suspended. They vary considerably in siie (diameter « 
between 0*0012'' and 0 OOIS"), and rarely in fresh milk attaiu the diameter of 0'00S8\ 
VRthout the addition of reagents, they appear merely as globules of fiit 

Henle first proved the existence or an extenial envelope ; he added ao^o arfd to the 
milk, and found that the shapes of the globules were thereby distorted. Mi tsoherl ioh 
found that the globules were not dissolved when milk was shaken up with ether, which 
umuld have been the case if they were a simple emulsion of fat ; if, however, caustic Mtash 
or carbonate of potassium, which dissolves the envelope, was previously added, Uio ikt 
was then disam^ved by ether. Lehmann also remarked that the surface of the 
^obulea ih milk mer<‘ly treaUni with ether, appeared less transparent, turbid, and 
vnrihklcd, as if it had been coagulatAxi ; thi* ether took up the fat on the mldition of 
phosphate of sodium. Mol esc hot t acttvl on the coagulum, obtained by adding 
aalcohol to milk, with acetic acid, and extract»Mi the fat with other ; there remained 
many unbroken fat envi'lopes in the form of little vesicles, which he was able to fill 
with an ethereal solution of chlorophyll; they contained no fat. From this ho not only 
proved the existence of the fat enveloj»es, but concluded also that they are organised. 
\Zteii$chT. fr. Physiol. Htilk. xi. p. 696-708.) 

Another kind of morphological elements, the so-calhsl (jramdar botlirs {corps 
granvleux, ColostrumJcorpcrehen), occurs in the colostrum (the milk si^cretcd during 
the first two or three days after parturition). They consist of irregular eonglomcrHtioiis 
of very small fat-vesicles, unitod by an amorphous and somewhat granular substance. 
Their diameter == about O'Olll" (Ileiile), but varies between 0 (H)03” and 0*0232". 
Their fat is much mor<* easily dissolved by ether than that of milk-globules. They are 
destroyed by potash or by acetic acid ; iodine-water imparts an intensely yellow 
colour to them ; hence they consist of very small globub's of fat imlKHUbnl in an 
albuminous substance. Th(*y are fountl in human milk up to the third or fourth day 
after child-birth, sometimes, however, as late its 20 days after. Moleschott found in 
the colostrum of cows, together with milk-globules, five different kinds of granular 
bodies and globules (Ax?, cii.). 

Human colostrum is at first yellow, on the first and second day; it then become* 
lighter, and on the thirtl or fourth day bi'comos white, Aceonling to O. Veit, in the 
passage of colostrum to milk, the milk-globules (which cohere in the colostrum) lose 
this property, and tlie largest (above 0 00166" in diamet4T) disappear, when a richer 
secretion is formed, and albumin ceases to bo pri*s4*nt in the milk. The secretion of 
normal milk begins on the fourth day at the earliest, but generally between the sixth 
and tenth day. 

Epithelium^oells and mucus-gl^fhidcs are of only accidental occurrence in milk. 

Fibrin occurs only when the milk contains blood. 

Sometimes infusoria or plants low in the scale of organisation are found in blue 
cow’s milk, and in that of women (Vogel). T. Fuchs ascribes the blue colour of 
milk to an infusorium which he calls VUnrin cyanogencus ; Bailloul ascribes it to a 
Byssus. 

Axalysis. — T he analysis of milk is attended with considerable difflcultios. It I* 
almost impossible to obtain a perfectly dry residue by evafioralion, since the casein, 
saturated with fat, forms crusts which are im|x*rmeable to sU'ani, and thi>se are often 
burst asunder, thereby occasioning loss. The casein is not oorapleUdy pr«*eipiUitwl by 
acetic acid, part remaining in solution ; neither doc>s drie<i casein part- with all it* fat 

^ , . -it. . I 

The casein may l>e approximately (‘stimated by evaporating milk on a wabT-bath or 
in vacuo, almost to dryness, adding awtic acid, and extracting the dried residue succe*- 
sirely with ether, alcohol, and water (8cherer and I) urn as)— or one-fifth of its weight 
of powdered gypsum is stirred up with the milk Isjfore evaporation, whereby spirting is 
av^ed, the casein becomes insoluble in all solvents, and t he driwl residue is rendor<>d 
easily pultcrisable. The fat may then be extracted by ether and ale/>hol. The solid 
rew^ei* detcrminwl by evaporating 1 to 3 grammes of milk in vacuo, or in u water- 
bath anddiying tbe residue m an air-bath, or in vacuo at \ W. In order to determine 
the OBh, the dried substance must be ignited in oxygen gas. (Haidlen.) 

Sugar. The milk for this purpose must not be acid. To determine the su^r, the 

liquia may be employ^-d which is left when casein is pwxripibited by ftilpbiU#^ 
magnesium or chloride of calcium, and the excess of base precipitaUsl by potiuill *, or m ^ 
al^holic extract obtained in Haidlen's method of estimating casein may W tisqd* The 
amount of sugar is determined by Fehling's sugar-test, or by polari»e<i light 

Baumhaoer (J. pr. Chem. fxxxiv. 146; Jahreeb. 1861, p. 873) evapenatee tm 
milk in paper-filtew nearly filled with pore sand or pulverised quarts, prefiotwly 
washed %h hyiochloric acid and ignited. The filters are first dried 
them to a current of air at 110°, on a stand of peculiar construction which m 

V«L. lU. 8 T 
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entire surface of the paper to be exposed 1o the aetiim of the air ; 10 c. of each 

•ample of milk is then poured upon them, taking care to distribute the milk 
‘ over the surface of the sand and not to wet the outer *ed^e. The stand wi>h 
IS then exposed in the drying chamber to a current of air heated to 70?» 
escaping air no longer deposits moisture, after which the ^temperature is 
raised to 106® and kept at that point for half an hour, and tlie ^fters are finally left 
cool for an hour over chloride of calcium, and weighed: this determines ' ' ‘ 

amount of solid constituents in the milk. To estimate the fat, the dcied fi*„ 
drenched with anhydrous ether in tunnels closed at top with glass platea ^ j jj 
their beaks provided with spring-clamps; the ether after half i ’ ' “ * 

allqwed to run by opening the spring-damps, this operation being t 
filters are rinsed two or three times with ether, then dried and w 

the quantity of fat. The sugar and soluble salts are next 

lar manner with warm water (about 90 c. c.), and the total quantify! 
amoved is determined by again drying and weighing the filter. 
in the aqueous solution is then determined by titration with i 

tion, and the difference gives the amount of soluble salts. The ^ 

of fat, sugar, and^ soluble salts, deducted from the total quantity o/ soUd i&fttteir 
previously determined, gives the quantity of insoluble salts and casein (the ci^in is, 
however, slightly soluble). To determine the total quantity of inorganic coDstit^ents, 
a known quantity of the milk (slighdy acidulated with acetic acid) 4s eya|crated to 
dryness over the water-bath and the residue is concentrated. 

The following are analyses of human milk at different periods after child-birth, 
also of the milk of different animals. 

Human milk. 



Vernols and 
Bocquerel. 

, Normal. 

Water .... 889*08 
Sugar . . . . 43*64 

Casein and extractive matters 39*24 


Clemm. 


Simon.* 

883*6 

48*2 

34*3 


Butter 

. 26*66 

26*3 

Salts (ash) 

1*38 

2*3 

Solid constituents 

• »> 

116*4 1 


1000*00 

Chevnllfkr 


L’Heritier. 

and Henry. 

Water 

. 870*6 

879*8 

Sugar 

. 63*4 

66*0 

Casein 

9*5 

16 2 

Butter . , 

. 52*0 

36*6 

Salts .... 

4*5 

46 

Solid constituents 

. 129*4 

120*2 


4th dny after 
dellrery. 

879*848 

41*135 

35*333 

42*968 

2*095 


9th. 

885*818 
42*979 
. 36*912 
35*316 
1*691 
114*182 


istn. 
905*80^ 
31*537 
29ll|f 
33 * 4 ^ 
1*9S» * 
94*19T. 


Chevallier and Henry. 


Cow. 

87*02 

4*77 

4*48 

3*13 

_0*^ 

100*00 


Water 
Sugar 
Casein 
Butter 
Salts • 


Chevallier 
and Henry. 
Ewe. 
86*62 
6*00 
4*60 
4*20 
0*68 
* 100 * 00 . 


Payen. 

Mare. 

89*33 

8*76 

1*62 

0*20 

t 


Simon. 

Human 

coloitrum. 

328*0 
. 70*0 

40*0 
50*0 
'3*1 


Ait. Ooat. 

91*66 
6*08 
1*82 
0*lf 

0*34 0*52 

100*00 100*00 

Filho) and Joly.t 
Ewe. 


South, 
down. 






10*000 172*0 (Solidtton 

Ewe’s milk is thus the richest of all milks ; that of the goat is I 

t I Human and cow’s stand pretty close to one anotW, and 1 , 

first ; cow’s milk is, however, decid^y litjilM* fn €|i|iera^4 
the ass and mare are the poorest of all; they contain vsiy 

of casein, but are proportionally richer in 30^. Tha ittIttM 7 
from that of the herbivora by an almost total absence ^ ‘ 

■\)pokion of fat. ^ 

Urlien analyses made at different periods, with the milk of the same woilim \ . 

*** 1 ! salts were weighed with eSieia» the soluble with the tugST i ttof 4 

Will *•, Jahresb. 1858, 664. - ^ 
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^ CtmsMumU of Milk, 

'■ 

'||L IpliMtfi (see i. 810). Simon found 4*0 per eent casein in humtll ooloatrom, and 2*16 
^ ^ ^ delivery. Milk varies in composition at dil^rsnt 

of the day. In the case of two cows fed with hay, oat^straw, beet-root oiKonke, 
. ana bean-pods, the milk obtained in the morning (4 a.m.) contained 2*08 and 2*01 per 
tiuA* casein ; mid-day, 2*23 and 2*38 res|HH!itive]y. In another cose, the milk contained, 
2*24 and£'2d ; at mid-day, 2*37 and 2*36 ; in the evening (7 r.x.), 2*70 
’ » respectively (Htruckraann and Bddfker). Heynslus 

. the. drst. por tion of cow’s milk rilher in casein than the last portions Aceord- 

and Becqnerel, the amount of casein in hninun milk varies directly 
imy^^jinavtity yielded ; in cow’s milk, inversely as the quantity. The milk of 
Aai^ina' about 0*3 per cent more casein than that of blondes. Women of 
ftem^lliilitotion yield almost normal milk, while those of vigorous constitution yield 
M casein. In acute dwasre^ out of 19 cases, the avera^ percentage of 
^l^j^abi.lijl&'6*040 per cent. (3*291 — 6*671); and in 27 cases of ohronw dtifosfo, 8*267 
"ttcr oen^ (i*02t--^*989) (Vernois and Becqnerel). The milk of nurses between 
Id 20 yaars old contains 5*674 j>er c<Mit casein and extraetivo matter; 20- 26, 
2*872;^cont ; 26—30, 3*653 jx-r eent ; 30 — 3o, 4*233 wr cent. ; 36 — 40, 4*207 per cent 
AAwbuminotis substance has bcitn met with in miik, and especially in colostrum, 
which if pot coagulated by rennet, but is precipitited by boiling. This is supposed to 
be aldufttn. O. Veit remarked that the colostrum of women, up to the third day 
after delivery, coagulated entirely or in part on heating. It afterwards lost this pro- 
perty. The nitrate obtained from the acid colostrum of the cow, after adding chloride 
of sodium, wve no turbidity with acetic acid, but yielded a precipitate with tannin, 
with aloohm, and by heat ; on adding ammonia and boiling, an abundant precipitate 
i was formed, but the liquid remained unchang^ni when treated in the same way with 
aoetieacid. Hence albumin must have been present (Mo lose ho tt). Vernoisand 
^ Becquerel found, in the milk of the buffalo-cow and of the goat, 1*3 per amt. albumin. 
Heynsius found 0*6 per c^uit. albumin in cow’s milk previously coagulat(*d w^ acetic 
ada; it was precipitated by boiling ; but if the milk was previously boiled and coagu- 
^ by acetic acid at 40® C., no turbidity was produced in the filtrate by ac(>tic acid 

iQ| ,by boiling. Albumin is also found in milk in infiammatory diseases of the mammaiy 
and when it contains blood and pus. Nevertheless, it must be remarited that 
^ Siherer prepared a kind of casein from normal milk, which coagulated by heat; 
while canine milk sometimes becomes thick on heating, but returns to its previous state 
on pooling. (Dumas.) 

Fai, The fat of human milk lias not been examined qualitatively with any degree 
of exactness. The butter of cow’s milk has however been more particularly investi- 


*gated. Pure milk-fat is a colourless or very pale yellow substance, solidifying at 
26*6®, whereupon the temperJtture rises to 32®. ■ lx is soft and sticky above 18®. 
Dissolves in 28*9 pts. of boiling alcohol of specific gravity 0*822. It readily becomes 
rancid on exposure to the air, yielding volatile fatty acids, and then de(*idcdfy reddens 
litmus. It may be completely saponified, and then yields, together with glycerin, mar* 
garic, oleic, cimric, caprylic, canroic, and butyric acids, or instead of the two last, 
vaccinic acid (Lerch), or, accoraing to Ileintz, oleic ami butic melting-point 

■*» 80*76® C.), stearic, palmitic, and myristic acids (ChevreuI, Sur lee Ct/rpe ffrae, 
^1822; Bromeis, Ann. Ch. Pharm. xlii. 46, Sta.; Heintz, Ann. Ch. Pharm. Ixxxviii. 

^ "SOO, 304; Pogg. Ann. xc. 137 J. Bromeis n^'kons fhe composition of butter ac^rding 
X lo the quantities of acid found =» 08 per cent, margurin, 30 per cent, elain, ana 
2 per cent. peciiUar batter fat ; but the com[>oueiits of butter seem to vary considerably. 


Pereeniage of Fat in different kinds of Milk, 
3*00 (^Bo ns s in flM tft ). 

3‘68<l '(0'66<^t‘612) (Vernou and 
Bacqnetel).^ Mart, 


(Simew); 

t'lZ (Chertllier and Henry). 


3*00 (^Bonssinykft). ' 

4*38 fPoggiale). t Average of 10 analyst 
8*4 (Baflyo eow.) > (Vernoisand 
3*61 (Paris cow.)i J Bo^uerel). 

6*962 (Clemm). . . 

2*44 (Vemois and BooqosMnH 


m davf. tilas dsri, and twelve dajrt sflM* bUth reMseclvely. 

HoMberter lAMi. Chem. Pbarn. eviil. 64) foao^fn tbe sfilk ftom ths 
of >8*6 per eent fat ^ 

I?;;; ' 

W' W 
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Ass, 

1-21 (Simon). 

1-29 (Peligot). 

1*86 (Vernois and Beoquerel). 
Ewe, 


4‘08 (Payenl 

3‘32 (Cbevallier and Heniy). 
5*69 (Vernois and Becquerel). 


4*20 (Cbevallier and Heniyl. 
5*13 (Vernois and Becquerel), 

Sow, 

1*93 (K Scheven). 


Bitch, 

13*3 (Simon). # ^ 

7*32 — 12*40 (Dumas). “ ^ 

8*80 (Vernois and B^uerel). 


Simon found 5*00 per cent, fat in human colostrum, and, as well as Boas singplt,« 
2*60 per cent, in the colostrum of the cow. According to L'Heritier, the mDk o£^ 
brunettes contains 5*63— 6*48 per cent, fat, while that of blondes contains only 3*55— 
4*05. Vernois and Becquerel found the contrary. According to them, the percent- 
age of fat varies with age ; the milk of women from 15—20 contains 3*738 per cent ; 
20- 25, 2*821 per cent. ; 25—30, 2*348 per cent ; 30—35, 2*864 per cent ; and from 
35— 40* 2*233 per cent It increases by nearly 0*3 per cent during the period of men- 
struation. The percentage of butter varies inversely as the quantity of milk produced. 

It decreases with imperfect nutrition. ^ v u -4 

Milk contains different proportions of fat according to the time of day at wlucn it 
is obt^ned. The milk of a cow contained in the morning 2*17 per cent, ; at midday, 
2‘63 per cent., und in the evening, 5*42 per cent. (Struckmann and Bodeker). It 
has been remarked that the first portions of milk are less rich in fat than the last poiv 
tions from which it is concluded that milk deposits cream in the udder, and that the 
fat-giobules adhere to the sides of the milk-passages in the smaller glandular canals of 
the udder and teats. This difference has not been observed in human milk. P a r m e n- 
tier found the first portion of cow’s milk three-fourths poorer in butter than the last. 
According to Vernois and Becquerel, the amount of fat in human milk increases 
during the first two months after delivery, but decreases between the fifth and ^th, as 
well as between the tenth and eleventh month. The kind of food has also a ooMiderable 
influence on the percentage of fat in milk. The milk of a cow fed upon ordinary f<^ 
contains 3*53 per cent, fat ; on sesame bran, 4*87 per cent. Dumas found that canine 
milk was on the whole richer in fat when the animal was fed with vegetable than with 
animal food. In disease, Vernois and Becquerel found that the percentage of fat 
was sometimes increased, sometimes diminished. A consumptive cow yielded 10*73 
per cent, butter. In enteritis, human milk was found to contain 3*153 per cent, fet^ 
in pleurisy, 2*77 per cent. ; in colitis, 5*412 per cent. ; in delirium and fever, 0*514 
cent. ; typhus, 0 909 per cent. 


Sugar of Milk {Lactin) \ 


Percentage of Sugar in different kinds of Milk. 


Human. 

3 2— 6*24 (Simon, Clemm, Haidlen). 
4*364 (2*522— 5*956) (Vernois and 
Becquerel). 

Cow. 

8 * 4 — 4*3 (Simon, &c.). 

4-26 4*61 (Struckmann and Bodeker). 

5*28 (average ; Poffi^e). 

3*80 (Vernois and Becquerel). 

Ass, 

5*06 (Vernois and Becquerel). 

4*6 (Simoo, ^). 

’ ■' Mare, 

phhon, Ac.). 

8*^8 (Vlmois and Becquerel). 


Goat. 

4*4 (Simon, &c.). 

3*69 (Vernois and Becquerel), 


4*2 (Simon, &c.). 

"3*94 (Vernois and Becquerel). 

Sow, 

3*02 — 3*P4 (Scheven), 

CamnB, 

1 *53 (Vernois and Beoqnefd), 
2*40 (Poggiale). 


ha milkof brunettes contains 7*00 and 7*12 per cent. milk-8ii|a^ that of 
f and 6*40 per cent (L’Heritier). According to Vernois and Beequerd, 


; 4 - 
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bnm«ttM oonUins 4*5« ; bbndee. 4*47. Simon found 7 p«r cent nulk-migtr in humnn 
colostrum; in the milk six days aft^r birth, 0*24 per cent. ; afterwards the quanUty 
eceased. The kind of food influences the percentage of milk-sugar to a emain 
Hen sc h found that it almost disappeared from canine milk when the animal was fed 
exclusively with meat ; on substituting vi^table fo^, the quantity of milk-sugar 
increased considerably. Poggiale found in the milk of a bitch fed with me^ 
and bread, 2*89 per cent, milk-sugar, but after the animal had Iwen fed exclusively 
on meat for 21 days, only 1-82 per cent According to the observations <>( »iroon 
andofVernoisandBecquerel, rich or poor nourishment does not sensibly a^ct 
the perdiptagc' of lactin ; it varies as the quantity of milk. The milk of women irom 
16 to 20yeaw old contains 3-523 per cent, milk-sugar ; from 20 - 25, 4-472 i>er cent ; 

4-677 per cent. ; 30—35, 3-953 per cent ; 35—40, 3 960 preent In Uio first 
, month after birth, the quantity of sugar in the mUk docreaseH, but it mcrea^s con- 
siderably ft-om the eighth to the tenth month (Vernois and Becquerel). 'Iho milk 
of a cow yielid in the morning 4'30 p«*r cent, sugar ; nt midday, 4-72 i>er ^ 

evening, 4*19 (Struckraann and Bddeker). Hevnsius found that the last 
porti^ of cow^s milk contained less sugar than the first Acwrding to 
Bonn 4 and others, the percentage of sugar does not sensibly vary in disease. Accord- 
ing to Vernois and Becquerel, this is the case only with chnmic diseases, 
in 27 cases the average amount was 4*337 per cent, ; in acute diseases, only 8*31(1 

(19 cases). .j i. * • 

Salts. The soluble salts of milk consist of chloride of smlivim, chloride of pot^sium, 
alkaline phosphates, and soda and iwtash combined with the casein ; the inso- 
luble, of phosphates of calcium and magnesium, chiefly t«mbine<l with casein ; sulphuric 
acid and ammonia-salts arc not contained in fresh milk. Haidlen, Soheven, end 
others have found a little ferric oxide in milk. 

Percentage of Ash in different kinds of Milk, 


Human. 

';*16 — 0*25 (most chemists). 

0-138 (0-066— 0-338) (Vernois and 
Becquerel). 

Cow. 

0-66— 0-85 

0- 66 (Vernois and Becquerel). 

Hitch. 

1- 2— 1-5 

0- 78 (Vernois and Becquerel). 

1- 63 — 208 (Poggiale). 

Gftat. 

0*62 (Vernois and Becquerel). 


1-00 (Schoven). 

Ass. 

0’62 (Vernois and Becquerel). 
Mare. 

0-62 (Vernois and Becquerel). 

Sheep. 

0-72 (Vernois and Ih-cquerel). 


in toe evening w ioy of cow’s milk : but the soluble and insoluble salts 

tier amt soda (eombined with phosphoric, sulphijm(7)a»d cafhoilfe 

c^Tjrme,a»^2-5opert^ii^^ 


9-8 

cent, ofc 


miUL 6*9 par eeiii. carwaw* - i— — — 

cent. chhMe of sodium, 7*4 per cent sulphate of aodliu^ m 
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Milk, at least that of the cow, contains alhaline carbonates. When milk is treated 
with acetic acid, it evolves more gas (carbonic acid) in vacuo than the same milk with- 
out acid. (Lehmann.) 

The amount of extractive, matter in milk, as well as its natune, is unknown. 

Zactic acid is not supposed to exist in fresh milk. Whether the milk owes i/s 
occasionally acid reaction to lactic or butyric acid, or to acid phosphates, is uncertain. 

Bees found urea in the milk of a woman suffering from albuminuria ; also Picard, 
in the milk of a woman whose urine contained no albumin. 

Free ^ases, especially carbonic acid, are always present in fresh milk. (Lehmann.) 
Lehmann considers albumin to be an abnormal constituent of milk. 

Marchand found hmtiatin dissolved in the milk of a sick cow, but no blood cells. 
Glvjcose appears to pass into the milk from the blood, but converted into lactin ; 
iodide of potassium and free iodine pass into the milk. \ 

^ilk is coagulated by acids, alum, and various other salts ; also by tannin, alcohol, 
and wood-spirit. 

Cc^etrum generally forms a turbid, yellowish liquid resembling soap-suds, of sticky 
consistence and strongly alkaline reaction. It undergoes lactic fermentation more easily 
than milk, and contains more solid constituents ; in the milk of cows, asses, and goats, 
casein is chiehy in excess ; in human milk, lactin. It contains albumin to a consider- 
able amount. Vernois and Becquerel found in human colostrum 1 — 6 days after 
delivery, 12*28 percent, solid residue (4*54 per cent, casein, 3*68 per cent, fat, 4*01 per 
cent, lactin, and 0*16 per cent, salts). Simon found 16 per cent, solid residue in 
the colostrum of a cow, and 14 to 15 per cent, in the milk. Crusius found in the 
colostrum of a cow immediately after calving, 38*4 per cent, dry residue ; the next 
day, 30*1 per cent.; the second day, 23*1 per cent.; and afterwards in the milk, 12*5 
per cent. 

HwMn miXk is more bluish than cow’s milk and has a sweeter taste, reacts strongly 
alkali]^ and acidifies less easily than other milks. Specific gravity = between 1*030 
and (1*02561 and 1*04048, Vernois and Becquerel). It contains from 11 to 
13 per ci$nt. solid constituents. It is less ea.sily and completely coagulated by rennet, 
the coagltlum is not so gelatinous, nor so firm and solid as that of cow’s milk, and it 
is also more digestible. Its fat contains more elain than common butter. Healthy 
childreh of both sexes discharge from the seventh to the twelfth day of their birth a 
white secretion from the breast {Hcxenmilck), either alkaline or neutral, and containing 
milk, but no colostrum-globules. According to Guillot, this secretion has pretty much 
the composition of human milk. 

Couls milk has generally a pure white or yellowish- white colour. Its specific gravity 
varies between 1*030 and 1*039 (Simon), 1*0302 and 1*0396 (V. and B.). It contains 
on an Average between l3 and 14 per cent, solid matter (12*29 — 16*5). 

Mm 8 milk is white. Specific gravity « between 1*034 and 1*045(1*0203, Clemm; 
1*0337, V. and B.). ^ It yields 16*2 per cent. (9*57, V. and B.) solid residue. 

A88*s milk is white; sweeter than cow’s milk. Specific gravity between 1*023 
and i*035 ( =* 1*0346, V. and B.). Contains between 9*16 and 9*53 per cent, solid 
matter (i0*99, V. and B.). It readily turns acid, and easily undergoes alcoholic fer 
mentation. 

Ooafs milk is white, of insipid sweetish taste and peculiar odour. Specific gravity 
about 1*036 (1*0325, V. and B.). Contains between 13*2 and 14*6 percent, solid 
residue (15*51, V. and B.). On coagulation, its casein forms thick clots. 

Kwds milk is thickish, white, of agreeable taste and smell. Specific gravity »» 
between 1*035 And 1*041. Contains 14*38 per aCnt (16*77 per cent., V. and solid 
constituents. ^ ^ 

S<m'8 milk Cohtains between 14*51 and 11*83 sofid matter. 

Canine milk is rather thick, and becomes thicker on warming when it does not co- 
agulate. Specific gravity « between 1*033 and 1*036. Contains between 22*48 and 
27*46 solid fesidtte. On evaporation, the latter is converted into grApe-sugar, and the 
solid residue absorbs much oxygen from the air. (Bensch.) 

The milk of women Confined for the first time, contains inore water than the milk of 
women who haVe had several children. The milk of cows V,*urie8 much according to the 
locality; that of^e<^ in the neighbourhood of Paris contains from 8*6 to 8*7 per cent. 

1st ; of Tyrolean, Swiss and Dutch cows, between 7*0 and 9*8 per cent The oompo- 
aition of cow’s milk in the first third, fourth, fifth and sixth months is pretty much 
the same, varying between 12*27 and 14*20 per cent, solid matter. In the first month 
it contains 18*29 per cent, residue, 4*80 per cent, casein, 4*25 percent butter, 3*57 per 
cent lactin, Slid 0*66 per cent, salts; in the second month, 17*82 per cent sol^ resicnMi^ 
5*91 per cent, casein, 7*06 per cent, butter, 3*87 per cent, lactin, mid 0*57 per ewi|* 
salts ; in the eighth month, 24*73 per cent, residue, 1 1*50 percent casein, 4*41 per cent 
IjMItter, 7*67 per cAnt. lactin, and 1*16 per cent salts, (Vernois and BecquereL) 
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Tke wXk vi a consumptiTe eow yielded a lai^ quantity of cmm, bat did not ooag«e 
lata oitlier irennet or on boiling. It contained 24 97 per cent, solid ro«idu<s I0*lt 
per cent, casein and insoluble salts, 10*73 per cenU butter, 4*09 per cent, lactin, and 

soluble salts. . „ . .i. ♦ i. 

Milk is the most indigestible of nil uncoiigiilitted albuminoids ; its solubility in tha 
gastric juice depends iqxm th»* insistence of its tHuiguluni. Human milk is mors 
readily digested than cow’s milk. Frcriehs found that 2^ hours .dler he had fed a d<^ 
with milk, all had disappeared from the stomach ex<x*pt a few tiakes, very rich in 
fat. Milk introduced into the stomach was instantly coagulateil. ami the serum was 
rapidly absorbed, wliile the coagulum fornnxl bulky and uioroor lew hard clots, Ths 
digestion of milk does not begin, projx'rly sjHnikiug, until the Liquid jKirtion has been 
absorbed. 

Thomson has shown that the percentage of fat in milk is in no way dependent 
upon the amount of siigjir in the food. 

Bonsch has remarked, and his experiments Imve been confirmed by I oggiale, 
that the milk of bitches fed exclusively on imait still contained milk-sugar, allowing 
that sugar is formetl in the orgjiuism from albuminoids. 

Cow’s milk contains 30 pts. unnitrogen ised substances for every 10 plastic ; human 
milk 40 pts. unnitrogenised for every 10 plastic (Liebig). Cow s milk contains 3*78 
per cent nitrogen; hunnui milk 1*69 pr cent. A cow yields in 24 hours about 6^ 
litres or alxiut 6 kgr. of milk. 

With respect to the genenition of milk. Lehmann and otliers do not suppose in w 
the constituents of milk uro derived directly from the blood. Neither casein nor lactin 
has been detected in blood. The sugar of bhaHl is ferm<>ntable. Fat might transude 
from the blood, but it is not probable that it iloes ho ; since cholesterin, which tran- 
sudes with much facility, is not found in milk, and little if any butyrin is foun^ in 
blood. The comiwsition of the milk-salts also ditfers widely from that of the salts of 
blood-serum. , 

for milk : {ululteratUnis.—Vroi^h milk ought not to change its appeo^pf on 
boiling. (Sour milk deposits clots, or partly coagulates on boiling. A simpfp instru- 
ment, called a lactomet er, for roughly CHtimatiiig the amount of cream in milk, 
has been constructed by Banks. It consists of a glass tube having an internal diame- 
ter of 4 centimetres, and about 17 centinietrt's higli. A circular ring scratched on the 
glass indicates a capacity of two decilitre's. Above tliis line 30 small divisions are 
made, each indicating Y^^,th of the total capacity of tlie vessel up the highest division 
marked 0<5. The vessel is filled up to O'’ and allowed to stand for 24 hours ; tlie tluckness of 
the stmtum of crt*am may then be rc?ad off. Anot her m<'t hod is that of I) o n n e. Ji u hw 
invented an instmmenl called a galactoscopc, which irujasurcs the opacity of milk; 



glass plate, me miuc is intPo<iuc«'u oy niunun « oimyi ««« 

enod by screwing out the movable ])latc until the liquid no longer tranfimiM the light 
of a lamp plac^ at a certain distance. The plate is then screwe<l in until the light of 
the lamp is rendered just visible. According to I)onn<^, milk which 
plateby27° indicates 3-627 pc^r cent, butter; 31^2-89 per cent, butter. 40 to 36 of 
the galactoscripo - 6 per cent, cream (fKior milk) ; 36'’ Uj ZVP ^ 6*10 per^ut. c^m 
(common milk); 30° to 25'^ « 10 to 16 per cent, crejim (good milk); 26 to 2(>° » 
(16 to 20 per cent, cream (veiy rich milk) ; and 20^^ to 16 indicates an excemingly 

rich milk, the last portion frmn the cow. 

The most common adulterations of milk an* the following Milk obtained the day 
before is creamed, in order to sell the cream 8i*parat«‘ly ; sometimes the creamy milk 
is mixed with fn«h milk, and about half its own volume or more of water is added to 
the mixture. Sometimes a colouring maUcr, such as 

■ ■ ise the bluish colour of milk thus adulterated. The eolounng 

ilatixl, and may then bo detects 
lire also used to adulterate milk. 


&c., is added to dismii 

matter remains in the serum when the milk is 


PavenV Flour, starch, and finely-powdered chalk are also used to adulterate milk. 
As toe cMk readily subsides, it may then lie n'coiniised by lU eflferv<*sciiig with hy- 
drochloric acid. The starch-granules ,may Jbe readily detected 


and distingaished from the milk-glbbules ; if a sp^tiis %S 

microscope, each of toe|;raiiules will appear marked with 

of ot iodine wiU also indicate the presence of starch, by iroj^ng to it 

Mile colour. The macerated bmins of sheep and otoer inimals m 


S"from r^r^vBv ;^rin^s^ whUe toe ^ 

lowers it It may h^ver be detected by toe galactosoope, if no ftamli of 


im 


MILK-SUGAR; 

brains have been added. The milk of diseased animals is sometimes 

has a disagreeable taste and smeU, as well as a slightly viscfd appear^yp9||p or 

mucus globules will be detected in it under the microscope. ' X 

According toBaumhauer (loo. cit.) all determinations of the comparative purity 
of milk by instruments like those above described, are very inaccurate ; he gives as the 
result of determinations made by his own method above described (p. 1016), that all 
milk may be regarded as adulterated with water, which gives less than 110 grms. of solid 
T(«idue per litre (or 1928 gra. — about 3 oz. troy — per quart). The minimum quantity 
of butter in normal cow’s milk is 22 grms. per litre (or 395 grs. per quart). Milk may 
be re^rded as creamed, when the proportion of butter is less than ^th of the total weight 
of sohd matter. 

Further information will be found in the following works : 

Gmelin, Handh. d. Chemie^ viii. [2] pp. 246-273; Lehmann, Lehrh. d. Vhys. 
Chem. 1863, ii. pp. 287-301, the same translated by O. Day, vol. ii. pp. 332-348; 
Scherer, Handwdrterb. d. Physiol, ii. 449-476 ; Simon, Die Frauenmikn^ Berlin, 
1838 ; Vernois and A. Becquerel, Ann. ddhygihne^ April, 1853, and Du lait chez la 
femme dans Vktat de sanUet dans Vetat de maladie^ Paris, 1853 ; Payen, Substances 
alimentaires ; Bowman, Medical Chemistry', Pelouze et Fr6my, jiraiU de Chimie 
Gknhrale, 2me. ed. Paris, 1857, p. 196. See also the several volumes of Kopp’s 
Jahrcsbericht. C. E. L. 

MXXiK qjTAMTZ, See Quabtz. 

MXXiX-SVOAR. Called Lactin by Pasteur, Lactose by Dumas. 

Pasteur, on the other hand, applies the term lactose to a product of the decomposition 
of milk-sugar (see p. 1022). 

This compound, the saccharine constituent of milk, was first prepared by F abri zio 
Bartlholetti, in 1619, from whey, thence called Manna or Nitrum serilactis, 
and afterwards, Galacticum Bartholetti. It has been chiefly (‘xamim^ by Bouillon 
Lagrangeand Vogel (J.Phys. Ixxii. 208), Berzelius (Ann. Chim. xcv. 67), Bensch 
(Ann. Ch. Pharm. Ixi. 221), Vohl {ibid. Ixx. 360), Winckler (Repert. Pharm. xlii. 
46), Krause and Stadeler (Mitth. d. naturf. Gesellscli. in Zurich, 1854, p. 473), 
Lieben ( J. pr. Chem. Ixviii. 407), Pasteur {ibid. Ixviii. 427), Dubrunfraut {ibid. 
Ixviii. 422), Luboldt {ibid. Ixxvii. 282), and Berthelot (Ann. Cli. Phys. [3] liv. 82 ; 
lx, 98); see also Om. xv. 217 ; Gerh. ii. 563. 

Milk-sugar has been found only in the milk of mammalia ; it may, however, have 
been confounded in some cases with glucose, the presence of which has been detected 
in the blood, in the liver, and in the eggs of birds. It has not yet been fornu^d 
artificially from any other compound. 

It is extracted by treating milk with dilute sulphuric acid, or calf’s rennet, to pre 
cipitate the curd, tnen filtering,. and evaporating the whey to the crystallising point. 
This product is purified by treatment with animal charcoal and repeated crystallisation ; 
finally, according to Krause and Stadeler, by repeatedly precipitating the aqueous 
solution with alcohol. In some localities, especially in Switzerland, milk-sugar is pre- 
pared on the large scale from the whey obtained in the fabrication of cheese. 

Milk-sugar is deposited from its aqueous solution in hemihedral trimetric crystals, 

P P 

exhibiting the combination oofoo . ~ . oP . 2foo . Angle oP: 2? « = 109® 39'; oP : - 

« 101® 41'. Ratio of axes, a : b : c = 0*6215 : 1 : 0*2193 (Schabus). It is white, 
semi-transparent, hard, and grates between the tfeeth. The crystals, which contain 
do not give off any water at jtOO®, but the whole, amounting to 6*08 
per cent. (1 at 6*00 per cent.) at 130°, o/ more quickly between 140® and 160®, 
The anhydrous milk-sugar which remains, forms a colourless melted mass, which soli- 
difies in the crystalline state on cooling. 

Crystallised milk-sugar is slightly hygroscopic, and dissolves in 5 or 6 pts. of cold, and 
2^ pts. of boiling water. The saturate solution produced by prolonged contact of 
water with excess of milk-sugar at 10°, has a density of 1*065, contains 14*66 per 
cent. ciystalHsed milk-sugar, and when left to evaporate, begins to deposit ciystals as 
soon as it attains the density of 1*063 and contains 21*64 per cent, milk-sugar. The 
aqueous solution turns the plane of polarisation to the right Dextro-rotatory power 
for the transitlon-Unt, faj » 69*3® (Berthelot); 60*28® (Biot). According to 
Poggialo, 201*9 pts. of milk-sugar produce the same deviation as 164*7 pts. cane-sugar. 
The dextro-rotatory power of a recently prepared solution of milk-sugar is greater in 
the ratio of 8 : 5*, than that of the same solution after standing for some time or after 
being heated. The rotatory power diminishes slowly at 0°, more quickly on heatings 
and at the boiling heat it diminishes in two minutes to 66*4® for crystallised tnQk- 
cugar. (E. 0. Erdmann, Jahresb. 1856, p. 671.) 
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i insoluble in olfokoi and in rther^ but diasolTes readily in dU^Uid 
[Using out unaltered on eraporation. 

— 1. Dry milk-sugar turns browii when boated to about 160®, withmit 
fusing, and at 175^^ givtAs off water, and yields lactocaraniel, C**H*C)'* At U03® it 
molts, and at a higher temperature yields hunius-hke substances. — 2. Milk-sugar boiled 
with dilute sulphuric add is converted into lactose {dd, inf.) ; the same transformation 
app^'urs also to be produced by prolonged boiling with water. — 3. Strtaig sulphunc 
or hifdrochlitric add, and alkalis, decempose it, cspH'ially when hoatixi, with for- 
mation of brown or black prodneta, — 4. Milk-sugar is easily decomiKwed h^i>xidm»0 
agtnts. It reduces rat'tallic silver from silver-solutions (Liebig, Ann, Ch. Pharm. 
xcviii. 132). A solution of milk-sugar mixiHl with |H)tjish dissolves cupric hgdrate^ 
forming a deep blue solution which dejKisits cuprous oxide, even in the cold. From a 
solution oi potassio-cupric tartratt\ it throws down a suialler quantity of cuprous oxide 
(uliout y^), than glucose (ii. 860). Distilbnl with oxidising mixturos, such as sulphuric 
add and peroxide of vtaugntuse, it yields formic ivcid. With nitric add, k forms 
inucic, saccliaric, tartaric, and a small quantity of racemic acid, ainl finally oxalic acid. 

Very strong nitric add or u mixture of nildc wild sul phndc aculs t'oiivcrta milk-sugar 
into a substitution-product called iiifro-lact in, which is pnn’ipitated from the acid 
solution by water, and crystallises from alcoholic solution in micn'ous laminw deton- 
ating when heat«?i (Reinsch; Vohl, Jahresb. 1849, p. 470.) 

When milk-sugar is heated to 100° for some hours with bromine and water, there IS 
foniK^, probably by dirtnrt addition of bromine, a bixuninated conii)oun<l, which when 
decomposed by bases, yields i sod igly cole thylenic or laetonie acid (p. 414). 

Milk-sugar is not brought imnnsliutely by yeast into the state «*f alcoholic feruieu- 
tation; but when it is left for some time in contact with yeast, fermentation gradufilly 
seta in. When chrese or glutm is used as the ferment, tin* milk-sugar is converted into 
lactic acid (ii. 631 ; iii. 466). AUohol is. however, always formed at the same time, 
especially if no chalk is added to iieutnilise the acid as it forms; the quantity of alcohol 
formed is greater also as the solution is more dilute. 

Cbw^fTia^Kma.— Milk-sugar unites with lwis«*8, but the compounds have not lK»en 
much examined. It differs from glueose, in not forming a definite compound with 
chloride of sodium. It alisorbs alxmt 12-6 yor cent, amnwnia-yas, which, however, 

- it again gives up on exposure to the air. It dissolves in strong caustic potash, forming 
a thick alcohol throws down white flocks (x»nt4iining 12-4 nor cent. 

The compound is easily decomposed by acids, even by carlxinic acid, the milk- 
sugar separating from it uiialtenHl. With soda a similar compound is formed, con- 
taining 8-3 per cent. soda. 1 . , 1 i. 1 

Milk-sugar dissolves easily in milk of lime, forming a solution in which alcotioi pro- 
duces turbidity, and if the liquid is concentrated, throws down a whiU^ precipitate con- 
taining, when washed and drifsi. from 11*2 to 167 per cent. lime. Baryta forms a 
similar compound containing 40- 1 pure baryta. i* 

Jdilk-sugar gently heated with oxide of lead, gives off water. On dige*sting the 
aqueous solution with lead-oxide, at a temperature below 60°, part of the oxide 
dissolves, and an insoluble compound remains suspended, oont-aining when dried 63 6 
per cent, lead-oxido. The dissolved portion evaporated in a vacuum leaves a gummy 
soluble mass, containing 181 per cent. lead-oxide : ammonia added to the soluUon 
throws down an insoluble compound. .. . j i i. i /•: 

Estimatum of Milk-Sugar. Milk-sugar may he estimated like glucose (li. 866). 
Poffffiale (Compt. rend, xxviii. 605) prepares the test-liquor by dissolving 10 
of mipric sulphate, 10 grow, of cream of tartar, and 30 grms. caustic potiwh m 
200 forms, dialled water. The filtered liquid, which has a deep blue colour, is titrated 
by determining the amount of pure milk-sugar rci^uind to di^lorise a given Tolntne 
of it To determine the quantity of sugar in milk, it is necessary, in the first place, to 
separate the fat and the casein (p. 1016). Milk-sugar may also be estimated by lU 
rotatory power. 

Products of the Transformation of Milk-sugar, 

1. UcTOW or OAtiOTOMi. cm’*0* (p«.t6i,r Compt. rood. xlij. »47). A kipd 
gusar isomeric with fl^uoose, and bearing considerable resemblanw to tt, WT 

b^inff milk-sugar m several hours with 4 pU. of water and 2 cent stttj^ttlM 
amd, neutralising with chalk, emporating the filtrate to a syrup, and tbfii leavii^ it! |0 , 

more iwidU; tlmn gmpr-migtir, in nodnlw comiiitina tiS^ 
MoriTfoind, leetangnliir ptiMM •comuutrd at the .«• 

IwSlnrai&^dged laSa* Mog, ‘ Pf a* ”^1 

rotatory pcrtserlKif the trnnwtion lint, [a] 8322 at 16 t in the rtceirtly pceplUflfi# , 


m 
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aolntion it is stronger, \a\ « 139 66°, but sinks to the former magnitude slowly at 
ordinary temperatures, instantly on boiling. 

Laetose dissolves in water^ does not combine with chloride of sodium^ and dissolves 
but very sparingly in cold alcohol. 

Lactose yields with nitric add twice as much mucic acid as milk-sugar. From an 
alkaline solution it reduces as much cupric oxide as grape-sugar. It ferments in con^ 
XiAct 'mth. yeast. If the fermentation bo interrupted before it is complete, the liquid 
still contains unaltered lactose, which therefore has not undergone any division or fur- 
ther alteration during the fermentation. In this fermentation the same products are 
formed as in the fermentation of cane-sugar. (Pasteur, Ann. Ch. Phys. [3] Iviii. 
366.) 

2. Lactocahamel, Produced when milk-sugar is heated for some time to 

180°. It is a dark brown substance, soluble in wjiter, insoluble in alcohol, and capable of 
combining with the oxides of load and copper. (Li ebon, Wien. Akad. Per. xviii 
180 ; Om. xv. 227.) 

3. Gallactic and Pectolactic Acids. These names are given by Bddeker and 
Struckmann (Ann. Pharin. c. 264) to two acids produced when milk-sugar ia 
oxidised in alkaline solution by cupric oxide. Both are syrupy, and form uncrystallis- 
able salts, respecting the supposed composition of M'hich, see Gm. xv. 229. 

4. Nitrolactin is best prepared by treating milk-sugar with a mixture of nitric 
pd sulphuric acid, and precipitating with water. It crystallises from alcoholic solution 
in nacreous laminae, which detonate when heated. 

nXXXi&BRZTB. Native sulphide of nickel. (See Nickel.) 

WtXIiXiXUrClXOWIA* The bark of Millingtonia hortensis L., used in Java as a 
remedy against fever, contains, according to K. Hollandt (Jahresb. 1861, p. 767) 
— besides starch, gum, sugar, fat, wax, and an iron-greening tannin — a small quantity 
of a bitter substance, and certain bodies described as Immic acid, to which the for- 
mula and are assigned. 

Mn^OSOHZir. A compact chromiferous mineral, probably a mechanical mixture, 
containing, according to Kersten (Pogg. Ann. xlvii. 485), 27*60 per cent, silica, 45-01 
alumina, 3*61 chromic oxide, 0-30 lime, 0 20 magnesia, and 23-30 water (= 99-92). 
Colour indigo-blue to celandine-green. Hardness 2. Specific gravity = 2*13. 
Yields water when heated in a tube. Infusible before the blowpipe ; partly dissolved 
by hydrochloric acid. Found at Budniak in Servia, associated with quartz and brown 
iron ore. 

1MIXMBTB8ZTF. Mimetcne. Mimetite. Green Lead-ore. Vraubenhlei. Varieties : 
Kampylite^ Hedyphane. — This name is applied to several minerals, isomorphous with 
pyromorphite, consisting either of pure arsenato-chloride of lead, or of isomorphous 
mixtures of this compound with the corresponding phosphato-chloride, and with the 
analogue calcium -com pounds. The crystals are hexagonal prisms, exhibiting the 
combinations P . old {fig. 239, ii. 739). P . ooP . oP {fig. 240X ooP .-oP. 2P2 {fig. 241), 
and P . oP . ooP . c»P2; Length of principal axis =0-7392. Angle Pt P; (terminal) 
» 142° 7'; (lateral) « 80° 26'. Cleavage imperfect parallel to P and oop. Hard- 
ness »= 3*6. Specific gravity = 7*19 to 7*35, mimetene; 6-3 to 6-6, hedyphane; B-8 to 
6*9, kampylite. Lustre resinous. Colour pale yellow passing into brown, sometimes 
orange-yellow (kampylite) from the presence of chromate of lead ; sometimes whitish 
when containing much calcic phosphate (hedyphane). Streak white or nearly so. 
Subtransparont to subtransluceut. Sectile. Idelts before the blowpipe on cbatcoal, 
but less easily than pyromorphite ; exhibits a^crystalline surface on cooling, and is 
easily reduced to lead-globules with evolution-'j^ arsenical fumes. Soluble in nitrio 
acid and in potash. 

Analysis . — a. From the Azulaques mine near La Blanca, Zacatecas, Mexico : yellow 
needle-shaped crystals on wulfenite(Bergomann, Poeg. Ann. Ixxx. 401).— 6. Himnix- 
ville, Chester County, Pennsylvania: colourless or yelibw crystals (Smith, Sill, Am. 

J. [2] XX. 342). — c. Johann- Georgenstadt: yellow crystallised (Wohler, Poeg. Ann. 
iv. 161). — d. Caldbeck-fell, Cumwrland (Breithaupt’s kampylite') (Bammelaberg, 
iUd.. xci. 316).— a. Horrhausen in Satony fDufrAno^, Traih de Min. iil 46).— 
/. Cornwall (DufrAnoy, loc. cit.).—g. Preobr^ansk mine, Siberia: crystals yellow 
within, but black on the outside, ftom a coaBng of pyrolusite (Struve, ttammdsherf^ 
Mineralch^ie^ p. 382). — A. Lfingbanshytta, Sweden (Breithanpt’s hedyphane) : 
aiv^ greyish- white (Kersten, Schw. J. Ixii. 1). — i. Mina Grande, near Aiqneios in 
Chile: yellow, earthy. (Domeyko, Ann. Min. [4] xiv. 146.) 

I, Containing only Arsenic Acid. 

Cl. Ai*o*. PM>. 

a. 2-44 23-06 74*96 


100-46. 




M1M0SA-GUM---MINERAL YELLOW. 


U. (Mitainin^ Arsntw and Pho4tphoric Acids, 


Cl. 

6. 2-39 

c. not deter- 

mined 

d. 241 

e. 205 

/ 2-31 

a, 2-38 


paO'. 

0 14 

not deter- 
mined 
3-34 
0-38 
0 79 
2-44 


- lOllO 

99-86 

98-02 

10064 


in. Containituj Lime. 

l.’l. A«a()\ 

A. 2-06 22-78 not determined . . 61*03 14-09 oo.rn# 

f. 2-41 12 00 6-30 1 94 68-40 8-31 O’OO an 99 oO. ^ 

'J'ho minornl I. in a oorn]Hmnd of chloride of lw*d and pore triplnmbic arMonato, 

^hCl^3Pl)*Af«•'0^ . . j i 

Tlioso inelude<l under II. nro isomorphoim mixturen of true mimetesite | 

niorphite (pliosphato-ehloride of lead) n-prestMitod by the fornnda I ht K3l i> (Ah; 1 ) t . || 

In the two minerals included under 1 1 1., the leml is part ly ^’1? P| 

eomix)8ition of A may be nearly ropresenttMl by the formula *^*’^'*^ ^ j | J | 

The earthy mineral from Cliile apiKuirato be hcnlyphane mixed witli a little vanadate | 

of lead. ■ j 

MZMOSA or ACACXA OtTM. S«-e OuM (ii. 963). 

MIXMCOTAirarZC ACX1>. Hyn. adth Catechu-tannic Acid (i, 817). 

HCXM’DZSRBRZ 8PZ&ZTU8. Acetate of Ammonium (i. 13). 

jUXiraRAZi. I'his term, in its widesst sense, denotes any substanca not fcrmcd ; 

by the pn)eeH«es of orjxanic life ; in its more restrietc^d and more usual sense, it simnfies | 

Jy hoLf;«iioo.i8 Holid or liquid inorganic body formed by nHtural | 

the concumneo of ur*. Minerals undcrelxMai m this 8<'nB<'. constilntn the essentiHl part h? 

of the eartli’s crust. It is usual, however, to includu under the same general 'I"”*?™*" | 

„atL,sevcral substnne* which «»• evidently the ren.ains “f ^ 

veiret 4 vblc 8 , which lived ursm the earth in former ages, coal, lignite, amber, and the 
seferal varieties of fossil resins and bitumens. Such Imdies should F***^”!’** J“ I 

ness be called fossils, but they arc mure usually classed with minerali, and described 

as such in works on Mineralogy. , ^ j i 

ACZB8 are acids of inorganic origin either existing ready fomj^ | 

in natural minerals, nr formed fixjm inorganic matcnals by artificial I 

term is eldefly applied to the stronger seids, sulphuric, nitnc, phosphoric, hydro- 

chloric, &c. 1 • , , « \ i 

y yyp f yy.iiT. AZiXLAXit. An old name of Soda. (See Ai.kau, i. llo.) | 

Bosmuu. BI.WB. A term nometime. appli-Bl to Pn.«Bi«n »'•«« I, 

wi«icerSntd!ite uub^tanec, auch aa clay, heavy «par, gypaum, &c., which give it • | 

light blue colour. to* 

IMEmBAZ. CAOVTCBOVC. Syn. with Klateeite (ii. 374). | 

cKAaSJBXiaOSr. Manganate of potassium (p. 818). 

H fTwyy OltBW. Scheele’s green. (See Gekbn PioMBirrs, ii. 014.) 

.mmAX. nmxao. A term applied by Keller to the blue oxide of mol^^ 
dcJS^bfJh? reducing action of tin or -tanuoua chloride an recently prec.pi. 

tated molybdic acid. (See MoiVbdbuuii, p. 1086.) .301 * 

OT. Maanw. Amorphoua Tnaulphido of AnTiMOJiT (l 830). _ 

aoxramAB on VSTOB, BUZV. (See PrrBOLntm.) 

yin iP TirF - Gold-purple or Purple of Cassius (iL 938). /m 

YAl&OW. Syn. with Hatcmettw (p. 14). 
nm J f Wf X K UW L Mercuric sulphate. (See SuLPfATW.) 

See atbe. 

TMAOWa A term soinetiines applied to the yellow oxychWMil . 

of lead, used as pigments (p. 656). 

. After disluctloo of H alumina and ferrk«rt4e. 4 . « 
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MINNETTE—MISLETOE. 


mrf ff BTyw* An eruptive rock occurring in the Vosges, where it forms small veins 
chiefly in granite and syenite. It consists of mica (the characteristic constituent) 
varying in colour from brownish-black to greenish, and orthoclase imbedded in a fob 
gimthic ground-mass. It is usually fine-grained, often porphyroidal, when the felspar 
crystals are we^Jl developed. The ground-mass frequently also contains greyish-green 
or dark green hornblende already far advanced in decomposition. The rock also con- 
tains quartz (in very small quantity), triclinic felspar, chlorite, calcspar, &c., often also 
crocidolite. A specimen from the Ballon d’ Alsace, gave by analysis : 


SJO*. A !*()•. FeO\ CaO. MgO. K'O. Na*().» H*0. CO*. 

66-96 12-95 0 65 7'68 4 63 6-62 4-36 2 22 144 1-94 


99-34 


(Delesse, Ann. Min. [6] x. 517 ; Jahresb. 1857, p. 705). A rock of similar constitu- 
tion, from Mittershauson in the Odenwald, has been analysed by Bunsen (Jahresb. 
1861, p. 1068). 

MXirXCTM:. Bed oxide/)f lead (p. 551). 

MXXrjAC-TAnrXAW.AJX or TXSarJCAWAXr. A solid vegetable fat obtain^ 
from the fruit of a tree growing in Borneo and Sumatra. The principal {^rtion of it, 
insoluble in cold alcohol, consi.sts, like aicao-fat, of stearin, palmitin and olein ; a smaller 
portion, soluble in cold alcohol, contains free stearic acid, palmitic acid, and traces of a 
volatile fatty acid. (E. Ruge, Jahresb. 1862, p. 606.) 


MXRABSXiXiM. See Fruit (ii. 714). 

MXRABX&XTB. Syn. with Glauber salt. (See Sut.piiates.) 

MXSBSrXTB. Acid sulphate of potassium, KHSO\ occurring in white silky fibres 
in a hot tufa cavern near Misene. (Scacchi, Mem. Geol. sulla Campania, 1849, p. 98.) 

nSXSPXCBLBB. Fo*A8 ®S*, Arsenical 'pyrite^t, Arsen ojn/ritc. Banaite, Pltnian^ Fer 
arsenical, prismatischer Arsenikkies. — This mineral occurs in trimctric crystals, in 
which the ratio of the axes a : b : c = (V676 : 1 : 1-189. Angle ooP ; ooP = 68*^ 7 ; 
■| too : i Poo in the basal principal section = 34° 34'. Ordinary combination 
ooP . ^ too . Cleavage rather distinct, parallel to ooP. Occurs almost columnar, com- 
pact granular, or impalpable. Hardness ^ 6-6 to 6. vSjii citic gravity - 6 to 6-4. 
Lustre metallic. Colour silver-white inclining to steel-grey. Streak dark gia^ish- 
black. Fracture uneven. Brittle. Heated in a tube, it first yields a red or brown 
sublimate of sulphide of arsenic, then a block sublimate of metallic arsenic. On charcoal 
before the blowpipe, it melts to a black magnetic bead, which sometimes exhibits the 
reactions of cobalt as well as those of iron. According to Berthior, when heated in a 
closed crucible, it gives off half its sulphur, and a fourth of its arsenic. Nitric acid 
decomposes it, with separation of sulphur and arsenious acid; nitro- muriatic acid, with 
separation of sulphur alone, which may be completely dissolved by prolonged digestion. 

Analyses, a. Freiberg (Behnke, Pogg. Ann. xcviii. 184). — b. Ehrenfriedersdorf : 
Plinian (Plattner, ibid. Ixxvii. 127, Ixxix. 430).— Reichenstein (Wei denbusch, 
Pammclsberg^ s Mineralchemie, p. 68). — d. Melchiorstollen near Jauernick in Austrian 
Silesia; massive (F rei tag, ibid.\ — e. Sala in Sweden (Behnke, loc. cit.\ — ;/*. Altcnberg, 
near Kupferberg in Silesia: large crystals of specific gravity 6-043 (Behnke).— <7. 
Rothzechau, near Ijandshut in Silesia: specific gravity 6-067 (Behnke). — h, Wettin: 
small twin-crystals, of specific gravity 5-365 and 6 637 (Bantsch, Zeitschr. f. d. ges, 
Naturw. vii. 372) : 



a. 

h. 

e. 

d 

e. 

/. 

/?• 

h. 

Sulphur 

20-38 

20-08 

19-17 

21-14 ^ 

18-62 

20 25 

19-77 

22-63 

Arsenic 

44-83 

45-46 

46-94 

41*01 

42-06 

43-78 

44-02 • 

39-86 

Antimony 

. , 



. ’\- 


1-05 

0-92 


Iron 

34-32 

34-46 

33-62 

36-96 

37-fl& 

34*36 

34*83 

37-61 


99-53 

100-00 

98-73 

100-00 

99-32 

99-43' 

99-54 

100-00 


Mispickel is also found in beds at Breitenbrunn and Raschau, Andreasberg and 
Joachirasthal; atTunaborg in Sweden ; and at Huel-Maudlin and Unanimity in Corn- 
wall ; also at Franconia, Jackson and Haverhill in New Hampshire, and several other 
localities in the United States. (Dana, ii. 63.) 

Dandite (ii. 303) and Glaucodote (ii. 846) are varieties of mispickel in which the 
iron is partly replaced by cobalt, to the amount of one-sixth in the former and one- 
third in the latter. (Dana, ii. 62.) 

BKXBTXbMTO|;pk Viscum album . — The chemical constitution of this plant has 
been examined byP.Reinsch (Jahresb. 1860, p. 541), who has found in it two viscous 
substances called viscaoutchi n and viscin {q. v.). 


• With a lithiA ; • true of copper wm alto <Smtn4. 
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MiSt-MOLYBDENUM. 




An impure ferric eclphete found at EammelBbeig, nc« (Mkx in ^ 
Har*. ’^SmJBATBS.) 

llKXXSS-4NUinr. Arsenate of copper, 2CaO.AjH)*. (See Gbsiv wonwrw, 

U. 944.) 

Mnsomra. Syn. with Meionitb (p. 866). 

MOCBA BTOnm or Moss Agate. (See Aoatx, i. 62.) .a. . 

MOBVlUXTa or SkutUrudiU. An arsenide of cobalt, Co* At**, found at Skutterud, 
near Modum in Norway (i. 1042). r- w a. 

MOBBXirs. Syn. with Lt'ucopyrite or native proto-arsemdc of iron, UeAi 

(p. 368). 

MtORBITB. Native titanate of iron. (See Titanium.) 

MOUOVXJL This term, in its strict chemical sentw, denotes the smalleet q'»a»titY 
of a compound body that can take part in any chemical H‘Action. Thus, 

fhriXle Atomic Wbiouts (i. 467-469), the molecule of water is assumed to U 
H*0 « 18 and not HO - 9, because, in the great ratijonty of c^s, 18 pts. ijy 
ril a. iHs the smalh^st quantity of water that can be taken up by, or eliminate*! from, 
Sr groip of element, concern^ in « reection. For a eimilar rcaeon. 
mmLia^i* aaeumod to be NH» - 17. ami not any multiple or eubmultiple thereof. 

^*^o^nter"int<f aiuiie conSdetations by which the molecular weighU 
a ^ • A Ka reoeat what has already been treate*! in some d<‘tail in other 

«dclM of this work especially that above refern-d to (see also CLassinoATlow, i. 1007). 

Tt mav therefore suffice to point out in tins place that, among the purely chemical coii- 
i dS^tehTt^intTthe determinatfon of this point, « 

to the manner in which the elements of a compound are replaced by other 
radidrsimple or compound. Thus, in the four typical molecules, 

HCl, HH), H*N, H'C, 

“Is rn'sSv acln-triliic, and denot J hy H>PO‘ ; taHaric miidM 

totrabasic, by into the determination of molecular 

Physical ronsidorauo™ like wo enter ^ ^ 

weighte. T|tns> the molecuirU aesumod to he so constituted that 
determined in the '^ ^IJ'irsvitv that is to say, of the weight of a unit-volumo 

its weight isdouble o t^spem^^ ^ 

of the vapour. „,,,„„roufl cLes in which the weight of the moleoule 

«“l.lNndlMndcntly o™it hy purely chemical considerations; Md ht^ it is ea- 
can be fixed independently ot « jr p y . obtained. Other physical con- 
tended to othore in ***'®’* ,^„j„gtion of molecular weights are speoifle hsat, 

sideration. which tC^Toiio W.toKTS, i. 466^473 ; HmtGii. 80-40 

boUing point, isomorphism, ^. (Heo ATOMio 

and 89-91; ofements, must be- understood in a somewhat 

The term molecule, ae appIiM I® . to compounds. Tho smallsst 

dif&rent sense from that ^ reaction is called, not a molecoK 

quantity of an elemcn^Wy t^ ^ .msUeirt quantity, or grwp of 

bnt an atom : and the “ Many considerations lead us to suppow timt to 

atoms, that can exist of two elementary atoma, the nmleeuto of 

tho inajon^ of caaes, -P,. Atomic Wbiobts, i. 468 j and Ci M i nO M. 

hydrogen, for radicU*, vis. the alc^ol-ra^^ 

AmnrtT, 1 867.) There ^ , . ,. f^g^^tote are generally sappoaed to bsl^ 

methTl. ethyl, *c, wl^mo^«l^n B free metR^CB'XW) 

doubles of those by whidl tow en^nto c^m«« ^ ,^,5, ^^,5^ 

f“ TS a. M «m. .-i-k. 

compound molooulooe 


?> 


itive Bulphido wa» 6^ DcoDtured from tin trioEido by ii Iflit 

cheelem 1778 STSSerSS «d eomWnSciis of this aMlA 

8rAabe7, 2ftf.T® (7. pr. Chma-I&T. 267; jj»«al>-’*847-48,’p,*8h» **»«*. 




MOLYBDEkOM, AL|##S. 


(J. pr, Cltem. Ixi. 449 ; Jahresb. 1854. p* 346); Bio m strand (J. pp. Chom. Ixxi. 449* 
Ixxvii, 88; lxxxu.4$8; Jahresb. 1857, p. 191; 1859, p. 164; 1861, p> j239) ; and h! 
Scbultze (Ann. Ch. Pharm. cxxvi. 49 ; Jahresb. 1863, p. 217). The name molybdenum * 
is derived from noKiifiSawa or Tnol^bdana, applied by Bioscorides and Pliny to galena 
and other lead compounds.* 


Preparation. — Metallic molybdenum is prepared: — 1. By exposing either of the 
oxides, or molybdate of ammonium, or acid molybdate of potassium, to a full white heat 
in a crucible lined with charcoal. The reduction is easily effected, and may even be 
performed on charcoal before the blowpipe with carbonate of sodium ; but to obtain a 
fused button of the metal, a very strong heat is required (Berzelius). — 2. By passing 
dry hydrogen gas over either of the oxides of molybdenum heated to wWteness in a 
porcelain tube. (Berzelius.) 

Properties. — Molybdenum reduced by hydrogen is a grey pulverulent mass which 
acquires a metallic lustre by trituration, and conducts electricity. By fusion in a • 
Beville’s blast-furnace, it is obtained as a white mass, with nearly silvery lustre, harder 
than topaz, and of specific gravity 8-6. .(Bebray, Compt. rend. xlvi. 1098.) 

Molyluienum is unalterable in the air at ordinary temperatures, but when slowly 
heated it acquires, first a brownish-yellow, then a blue tarnish, and finally takes fire 
(? the pul vei^ent metal) and bums to molybdic trioxide (Berzelius). It is rapidly oxi- 
diwd by fusion with nitre, slowly by hydrate of potassium, and it is not dissolved by 
boiling pohisholye. It dissolves in nitric acid with evolution of nitrous fumes, and in 
hot strong sulphuric acid with evolution of sulphurous anhydride. If the acids are 
used in small quantity only, the metal is converted into molybdic oxide ; with a larger 
proportion of sulphuric acid, the blue oxide is formed ; and with a larger proportion of 
nitnc acid the product is molybdic acid, which is also partially deposited in the solid 
state. Molybdenum is likewise oxidised and dissolved by chlorine-water and by a mixture 
of nitric with sulphuric or hydrochloric acid. It is dissolved by boiling aqueous arsenic 
acid, slightly also by phosphoric and boric acids ; not by hydrochloric or dilute sulphuric 
acid. It reduces the oxides of silver and m&rcury when triturated with them. Ignited 
in a stream of aqueous vapour, it is oxidised, with separation of hydrogen.^ 

Combinations. — Molybdenum enters into combination as a diatomic, tetratomic, hex- 
atomic, and sometimes also as a tri-atomic radicle : thus it forms the oxides M()"0, 
Mo'^O'**, Mo^‘0*, the chlorides, Mo"Cl* and Mo‘»Cl^ ; the bromides, Mo'Br* Mo'"Br*, 
the bromo-chloride, Mo’'‘Br^Cl*, the oxychloride, Mo‘»Cl*0, &c. Its exact position in 
the metallic series is not yet exactly ascertained, inasmuch as its specific heat has not 
been determined, and those of its compounds which are volatile, assume the g}istH)U8 
state at too high a temperature to allow of the determination of their vapour-densities 
(see page 968). 

MOXiTBBBiriniKt ikXiXiOTS Ol*. Molybdenum unites with tin, lead, iron, 
^pper, silver, gold, and platinum, rendering them less fusible, more brittle, and, except 
in the case of silver, whiter. Molybdide of copper is of a pale, copper-red colour, 
malleable if the molybdenum is not in excess. With 2 pts. of gold, molybdenum forms 
a black, brittle ^o)svXq.— M olybdide of iron constitutes the so-called “ bears” found on 
the hearths of copper-fhmaces (p. 368). Equal parts of molybdenum and platinum 
yield a hard, brittle, shapeless lump, having a light grey colour and metallic lustre, 
and appearing compact on the fractured surface. 4 pts. platinum with 1 pt. molybde- 
num form a hard, brittle, bluish-grey alloy, having a granular fracture (Hjelm).— • 

The alloy of 1 pt sdvw and 2 pts. molybdenum is grey, granular, and brittle. 

Molybdide of Aluminium, All*Mo, is obtained by dissolving molybdic acid in hydro- 
fluoric acid, evaporating to dryness, and fusing tbfilresidue with a mixture of 80 pts. 
cryolite, 30 pts. of a mixture of the chlorides o^ sodium and potassium in equivalent 
proportion^ and 15 pts. aluminium, at a strongs <i;ed heahn On treating the resulting 
regulus with soda-lye, there remain.^ a crystalline powder colouj^ black by a 
film of metallic molybdenum, but assuming an iron-grey colour when treated with 
nitric acid, and appearing under the microscope to consist of rhombic prisma. It acquires 
a steel-blue tarnish when ignited in the air, and dissolves easily in hot nitric and 
hydrochloric acids. (Wohler, Ann. Ch. Pharm. cxv. 102.) 

MdBTBBBBTVMt, BBOMZBBB OF. (Blomstrail^if. pr. Ghem. Ixxvii. 88; 
ixx xi i. 433; Jahresb. 1859, p. 164; 1861, p. 239.) When l^mme-vapoiir is passed 
over strongly heated molybdenum, an oxybromide Is first formed then a greyish-green 
•uUimate of tribromide close to the heated part of the tuba, the vMtid at Sie same time 
ab^hiring a yellowieh-red colour and being at last eom^et^y ooaverted into dibromide ; 
bbtw^n th^ twoproducCs there ere also found isolaM shining needles of the tetra- 
bfomide, of a pure olack colour. 

•^1^ ei moIybdwtM, quam alio l.ico galenam vocaviatnif, vena trfenlf ptatbqos esnueimls.** 


SfOLYBDEi^M: CII/^ORIDjBSC^^ 




The Df or Mol^bdous 6ro ?»frf(r,Mo''Br’ is produced M just eUted, hf 

direct TOmbmation of its elements, also by heating the irtbromide. It ii U non^Vti^tilu, 
.amorphous, r<^di.sh.yeUow body, which is nut perceptibly attacked by hydrochlorfe, 
nitric, or even boiling nitromuriatic acid, but dissolves easi^uud eoni|^«t^y when heated 
with dilute caustic alkalis, formingayellowsolution containing molyodous oxybromide* 

3MaBr> + 2KIIO - 2KBr + H*0 + Mo»Br<0. 

Concentrated solutions of caustic alkalis decompose the bromide completely, with pre- 
cipitation of a black by drat (*d oxide. 

The yellow solution above mentioned, when exposed to the air, gradually deposita 
small shiuiug golden yellow crystals of a hydrated molybdous oxybromide, 

jlo*Br*0.9IPO ; but when neutralisi^d with an oxygen-acid, it yields a dark yellow, 
flocculent or granular precipitate of the same oxy bromide witli a smaller quautity of 

water, jdo*Br^0.3H*0. The oxybromide dissolves with yellow colour in alkalis and in 
the stronger oxygen-acids, and from tiie acid solutions thus obtaine<l, the bromine is not 
precipitated by silver salts. — The solution of the oxybromide in dilute i^uoous alknlis 
lorms with hydrobrmnic^ hydrochloric^ or hydriodic octrf, a yellow precipitate, insoluble 

in acids, but soluble in alkalis, and consisting of Afo‘Br*.3HK), hfo*Br*Cl*.8H*0 or 

Mo*Br*P.3H*0. — Blomstrand regards all these compounds as containing thit diatomic 
radicle, hromomolybd^nuni^ MoBr* Uie oxybromide, (MoBr^)''0, the ^lorobi|>mid<% 
(MoBr*y'Cl*, &c. (See p»^e 1030.) 

The Tribromide, or Molybdogo-molybdie bromide, MoBP.MoBr*, is 

produced as above mentioned, by direct combination, or with greater facility by passing 
bromine- vapour over a lieated mixture of molylMlic oxide and charcoal It is sometimes 
obtained in separatee (^stals, but more frequently in blackish-green masses consisting 
of delicate, capillary, interlaced needles. It is ditticult to sublime, and at a bright rod 
heat is resolved into the dibromido and free bromine. It is not even wetted by water, 
and not attackwl by boiling hydrochloric acid or by cold dilute nitric acid. Dilute 
alkalis act ujion it slowly, and at the boiling heat decompose it completely, with 
separation of bbiek molybdic hydrate. 

The Tetrahromidf or Molybdic bromide, Mo‘'Br^ formed also bpr direct oom- 
bination (p. 1028), is fusible and volatile, forming a brown-rod vapour; it deliquesces 
in the air to a black liquid ; and forms with wat4‘ra yellow-brown solution, from which 
alkalis throw down molybdic hydmteof a rusty yellow colour. It is easily resolved by 
heat int<j tlio dibromido and free bromine, the temperatures at which it is formed ana 
decomposed being very close U>gether. 

The hexbromide, has not been obtained, but the corresponding oaeyhro* 

mide, Mo’'13r*0* is produced by [Missing bromine- vafX)ur over heated molyodic oxide, 
MoO^ or by heating molybdic trioxido with boric, or phosphoric anhydride, and fhsing 
the pulveri^ muss with bromide of potassium, e.g. : 

MoO» 4- B»0* + 2KBr - 2KBO* + MoBr*0*. 

When quickly sublimed, it forms indistinct crystalline scales ; but bv slow subliniatkMt 
it may be obtained in more distinctly dovelopcid crystalline plates of yellow-red colour 
and fatty lustre, which deliquesce in contact with the air, and forma oolonrless solntion 
in water. 

MO&TBDBWmi, OBlrOBZBWI OW» Molyb<leiium forms three chlorides, 
analogous to the bromides. The tri-chloride and tetrachloride were first prepared by 
Beraeiius, who also obtained the dichloride in solution ; these compemnas hare b#«ii 
more fully examined by Blomstrand, who has also obtained the anhydrous di<dU<icid0 
and several oxychlorides. 

Dichloride or Molyhdoue Chloride, Ho^dWTliis com^utid ia 7ortted« 
together with the other chlorides, by passing chlorine-gas over heated rndybdeniim^ It 
may bo prepared, though not in a state Zt purity, by exposing the trichloride lo ll 
moderate heat in an atir^here of carb(mlc anhydride, or other gas wbkh does not «ct 
upon it, or by heating qP^c molybdenum with calomel; Sleo, though in vety suiU 
quantity, by Mssiim el^ne-gas Uigely diluted eorbhhic anhydride (rrer mode* 
ntely heot^mdybdenufh; it is Hke^m ibniied M small qtiaoti^, togsthsr with the 
tetzuehloride, by passing ddoniie okess a bsoMi siKXtiirs of molybdic oxide and 
cool when the temperature is tenr {Blomstrand) 

^lybdotts ehbSde is bydrochWc acid wlthA 

lybdous hydiote. Tlm diujkrb^^ ykm ou a black mass 

^dissolves almost ia but on etspoiutloii lit taeuo, giret olflgrdxofilutiB^ 

wst«%iui|f& 4 'bladt 


H^MOLYBDENUM : CHLOEID^- 


. % of dull yellbw colour, inclming 

The ftnhydwij* ai<Wori^ behuves with alkalU like the 

to greenUh from the presence hydrochlorw, hydrobro^ and 

l|>nnde, but - te^he air. deposits molybdous 

hydrtodtc actds. - ine oAmf timfts in very small crystals, 

oxychloride. ifto-Cl^O in comb^aU^^^ ^Ue acid) 

but generally as an amorpho gu ^ nxvchloride ]iIo*Cl*0.3H*0, in 

added to the same precipitated.’ and washed with 

water!™8MlTM easily *" ‘'^^^®^l“ddrobTOmi™hydri^^^ and hydrochloric acids, 

The hydratedoxychlonde boiled with y ^jj^logous constitution, havingtbe 

yicItL sofutions which of iodine or chlorine. With 

oxygen replaced by an ^uivalent q ^ 3X^ 2 sH^O, is obtained, in thin reddish- 
n/dlbrJc the alcoholic solution highly 

yellow scales, insoluble in wa , containing K[o*Cl'Br».6H*0. 

concentrated at 100°, deposits short ^ Sftor a wbife, becomes turbid 

“rily soluble in water f°X”of fm >Sdt a^ 'deposiU a granular powder, 
unlei it contains a large quantity of freej ^ ^ ^ 

Similarly with hydriodic acd the oompo ^^^,„t,lcs the 

crystalline substance. bu^forms .^rkS^coloured crystals. The cor- 

S^rresponding (or MoCP.H^ and 

Si[oCl*.2H'0).are obtained in like ihich dlso dissolve in water, 

the latter in light yellow " bid ^he acid sdutions of those compoumls 

forming a solution which *7" *“ i„ contact with the air without perccp- 

may be repeatedly evaporated to dryn » heated in an atmosphere of carl^mc 
tiblc decomposition. The solid ^ ^ afterwards, if the heat U 

anhydride, first give off that the residue always contains mon^ 

raised, a certain quantity of of^ en molybdous oxide, e.(/. 

““"“KrarrHrt M«o . mb, 

rB. ... “;sir - ..r-: i™., - - 

are heated in contact „«t described unite with the haloM 

The haloid molvbdous compoundH just aesenueu • Mo 8C1®.KCI ; Mo*CPBr". 

acid solutions on These douWe^^^ta iodine-salts); they are of 

vSs, usually prismatic fom; ’for'’"^mple)*sepaUcs in 

Sd2;.’S irnTb'.. rXw 'M 

comnound, and leaves the salt of .u. amount of halogen contained 

Sons of these t at 

in them {e.g, from Mo CBBif.2KBr, only the 4 ^ aolutions are not decomposed 

Mo*CBck2KCl, qnly 4 at. fin «^^wline solutions it produces a 

by Bulphydric wid, ^ _ot .»reciiitated by ferro-cyanide of 

fcfersi ^ ^ 

SsS^rdCS? I wo? .Mi-d. a* *"!'>»>*• 

compound is obtained, m^ner, 

chlonde, Mod*, over ; but ^ 
but does not appear to have composition MoCl . 

Blomstrand’s analysis, the o^er the tetracblondo 

The trichloride is more easil^^tawo ^ rapour of the tetn^ 

heated in a glass tube by a#int-lwP ,,or ^ ^ <,f which is 

boride mixed ttitb ««rW ,hS n^tjoTMU thick homo- 

rery rtrongly heated^e tnehlo^en 7 r^. 
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l^eous crust ^Blomstrand). It has a dark coj^^r-rod colour, wnA wh^n hoat^ to 
Uie melting point of glass, in a vessel which does not uccosA of air, it volatilisee 
and forms a confusedly crystallim', dark brick-red subliiimte (Be noli us). It is in« 
soluble in water, but colours that liquid reddish when suspenaed iu it ; insoluble also 
in dilute hydrochloric acid. When aigc.sttMl with pctiuh it yields chloride of potassium 
and an insoluble blackish-brown hydrated oxide of molybdenum. (’BerRolius.) 

Tetrachloride or Molybdio chloride, Mo‘’Cl*. Tiiis compound, discovered by 
Berselius, is produced when chlorine gas, free from aib is [Missed over gently heati»d 
molybdenum. The metal then takes fire and burns cm Ih© surface for a few seconds; 
but this effect soon ceases and a dark reil gas is formed, which condens(‘8 on the cold 
parts of the vessel in dark coloured metallic-shining crystals having very much the 
aspect of iodine. Blomstrand prepares it by the action of chlorine on strongly heated 
molybdic sulphide (the native sulphide). The crystals are very fusible (BorEolius), 
somewhat ditncult of fusion (Blomstrand), and sublime at amodenito heat. When 
exposed to the air, they fume at the first instant, and then deliquesce, tiie original black 
colour of the liquid passing through bluo-jjreeii, grtH*nish -yellow, and dark rod intp 
yellow. When kept in a vesael containing air, they absorb oxygen and yield a subli- 
mate consisting of an oxychloride. 

Molybdic cJiloridc when thrown into water, dissolves with such violence that tji® 
liquid effervesces ana boils, as if a gas were given off, whieli howi’v<‘r is not the case. 
A small quantity of the chloride drenclK*d with a lai^e quantity of water forms a solu- 
tion which soon turns green or blue from the oxidising action of the air; a stronger 
solution is more permanent, and may be evaporat©<l to dryness at ageutle heat without 
decomposition, the tetriihhlqride thi remaining as a black mass. Molybdic chloride 


may also be obtained in solutionl^ digesting the metal in hydn^oblorio acid, and add- 
‘1 irom'^ime to time till the liquid act|uiros a red-brown colour, or by 


ing nitric acid . . . 

digesting molybdic anh^^ide and pulverised niolylKieimm (or metallic copper) in 
hydrochloric acid, till all the molybdic anhydride is dissolved and the licpiid has become 
red. In all these solutions, ammonia forms a pnanpitato of molybdic hydrate. 

Ammonio-molyhdic chloride is obtained, according to Berzelius, by mixing a solution 
of raolyMic chloride with ammonia, till the precipiUte just Ix'gins to be p<Tmanent, and 
leaving the solution to evaporate, the double salt thv’n separating in small brown 
crystals which decompose in contact with air. 

A solution of molybdic chloride saturated with sal-ammoniac and left, evaporate 
over oil of vitriol, first deposits brown crystals of sal-ammoniae ; and the mother-liquor 
ultimately yields green octahedrons of the double salt 3MoCl*.2NII’Cd.nn‘*0, which 
soon deliquesce in moist air to a black liquid becoming rcddish-^yellow when diluted, 
and yielding wdth ammonia a yellowish-red precipitate of molylnlic hydrate. (Blom- 
strand.) 


MOXiTBOBinniK, OBXfOBOBBOmiZBBS OF. Tliis comi)ound, Mo'BriCl*, is 


fi 


obtained by the action of hydrochloric acid on molybdous oxybromide, and Mo*Cl<Br* 
by that of hydrobipmc acid on molybdous oxychloride. (Blomstrand, pp, .1029, 
103a) 

MEOBTBBBirUM, DBTBCTXOir AJTB B*TlWIA«pir OF. 1. Blow- 
pipe reactions.— Uolyhdie trioxide heated on charcoal in the outer fiame is volati- 
iis^ and forms a white crystalline sublimate on the charcoal ; in the infter flame it may 
be reduced (even wiUiout carbqaate of sodium) to metallic niolybdenum, which is sepa- 
rated as a grey powder on levi^ting the charcoal. With oxides of 

molybdenum give, in thr outer flame, a bead which is yellow while M, and colourlejs 
on ^ling ; ii lh« inner ««»*. b^, which "P" W 

dennm ie preeont. By long continujg he^ molyM.c oxi de itey «» 
in dark brown daklie, fleeting in the*«!lMt yellow g^e. With wtcrowiWM ^ fa the 
outer flume, all oxidee of niolybdennm pjg* bead which « greenmh wh le w^d 
XilL on cooling; in the inierflainj^Saayjiptetm which molybdmoxide 

cannot be separated by continued heat?f^ 


2. Reactions in Solution 
solving molybdous oxide in aci^^aw 

Alkalis amalkaUM 
hydrate insoluble in 
soluble in acid i 
ftrrimMsof.^ , 

VoL;:lII. 


OS salts obtained hprdis- 
They yield with sul- 
Jm/ amnumtutn a ycllowish*t 
» in sulphid© of amnKmium. 
k preetpibiie of molybdous 
^ . i neutrsl carbonates, easily 
i li^iPloiiiuma Ferroeyanids and 
I excess. Phosphate 
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the air, they bojre a tendendv to become blue by oxidatioiL la oont^t with 
zinc, they first Uafikea ajp^en yield a black precipitate of molyhdous hydrate. 
Their reactions with ml'phydric acid, &c., are similar to those of the 

molybdous salts, exoepting that the precipitates are lighter in colour. 

7 Mo ly bd a tes^/fire colourless unless they contain a coloured base. Solutions of the 
alkdine molybdates yield with acids a precipitate of molybdic acid, soluble in excess 
of the precipitant. They are coloured yellow by sul/phydric acid, from formation of a 
sulphomolybdate of the alkali-metal R^MoS^ and then yield with acids a brown 
pi-ecipitate of trisulphide of molybdenum. This is an extremely delicate test for 
molyMic acid. . They form white precipitates with the salts of the eaHhfictah, and 
precipitates of Yarious colours with salts of the Jicavy nictoXs / c. y. white with lead and 
silver salts ; yellow with»<terric salts ; and yellowish-white with mercuro^ salts.— 
w>us chloride produces immediately a greenish-blue precipitate, soluble in hydrochloric 
acid, forming a green solisliion, which turns blue jtJfi the addition of a very small 
quantity of thetin- 8 olutiotti.|«^curo 2 W mtrate forms a^iSlowish. white precipitate, solnble 
in nitric acid, blackened by ammonia. When tHhoidC, pUo8j>hortc aad, ora liquid 
containing it, is added to the solution of molybdate of ammonium, together with an 
excess of hydrochloric acid, the liquid turns yellow, and after a wMle deposits a yellow 
precipitate of molybdic acid combined with small quantitlips orphosplioric acid and 
ammmonia. Tliis precipitate is soluble in ammonia and likewise in eiitcess ot the phos- 
phate. The reaction is therefore especially adapted for the detection of small 
quantities of phosphoric acid. The dibasic and monobasic phosphates do not 
a«jduce the yellow precipitate. Arsenic acid gives a simpar reason. 

Quantitative Estimation, and Separatiofi. When molybdenum occurs in 
the form of trioxide or molybdic anhydride (MoO*), the best mode of estimating it 
is to convert it into the di-oxide, MoO^ by ignition in an atmosphere i^hydrogen. 1 his 
oxide, which is not at fill volatile, may then be weighed. When niolvbdic acid (‘xists 
in solution in ammonia or in other acids, the solution must be carefully evaporated by 


dryness and the residue treated as above. ^ 

Molybdenum is separated from most metals by its soljibility in sulphide of ammonium. 
The filtered solution containing sulphomolybdat e of ammonium is thou treated with an 

excess of very dilute nitric acid, to precipitate the trisulphide; the precipitate is col- 
lected on a weighed filter and its weight determined, after which a known quantity ot 
it is ignited in an atmosphere of hydrogen, to convert it into the disulphide, Mo.. , 
from the weight of which the amount of molybdenum is calculated. 

From arsenic, molybdenum may be separated by converting the arsenic into arsenic 
acid, and precipitating it bj^ a magnesium-salt (i. 36 7 ). Antimony may be separated 
from molybdenum by the aamo process which Ben'os to separate it from arsiaiic and 
tin (i. 369), the alkaline molybdates, like the arsenates and staniiates, being soluble 
in water. For the separation of molybdenum from tungsten, sec Tunosti-in. 

Molybdic acid is separated from the earths, by fusing the compound with carbonate 
of sodium, and digesting the fused mass in water, which dissolves molybdate of sodium 
and leaves the earth as carbonate. . vu 

Fk)M the fixed alkalie, molybdic add may be separated by pr^ipitation fithmer- 
enrom nitrate,^ ll^^ghly wwh^ 


meroufi^ 
gen, 

4 f Atomic Weight of Moi^h 
ffl)» findfiaVoUpP^ to determine ? 

. i^jQ^lybd&te of lead, PpbMO^ obi 
liiiil way he obteined f 
iregarded approximation. 

^^anbeM^pi Btruve (An 
^xpmments, o^aQridered th^ 
disulfide, M(^, in air. lliey f 


a modettte iwwt in a stream of hydro- 

*n«*t isi. F.® 

however he 

fin^xtensive Mries of 
;.ae(!arUta^ W were obtained by roasting the 


disulfhide, MdS*, m air. - xney mpnp in that the artificially prepared 

disol^ide lost by roastiuA fem'Ji'SW to ]104»: per cent, of its wei^t ; whence, 

taki4 the atomic weight of Bulpito’ Sib as a mo^ 

9*14; but the results <rf the excluding Ap thrM which 

differed most widely 97'16, so that no great depen- 
dence can be placed on the . 

Berlin, in 18« (Ann. 

and found the q#tiiy 'irf Wyl.dic'»li].ya8fe1l.li^ 

experiments, only h*t**»» 81 ’/i 6 « and 81 #l 8 i a|#<. wheye he 

Bidvbdemun the num% 92» nei«# the sape a« Aafc fbw by SYiini^nhd 

On hand,^um «sl%,Ch.,||j^ |3] lx. oyridtoed 
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molybdic anhydride in a current of hydrogen, obtained in gix cxpcHments, valuiv ot 
Mo between 96*2 and 96*2 .* ineiin 96 7 ; he regards 9|$ an the true atomic weight of 
molybdenum, whidi ia the same as that originally found % Bmelius. 

MOXiTBDinnrM, rXiVOltXBBS of. a.Mo!i/hdou^ F/«orw!e.~Molybdotts 
oxide dissolves in hydi^fluoric acid, forming a purple-rcKi liquid which dri»>8 up at a 
gentle heat to a varnish of the same colour ; this residue when more strongly neatod 
becomes darker in colour, and partly insoluble in water. 

PotMsio~nu)lyhd<ms jlmride is precipitated in pale rod flocks on mixing a solution of 
molybdous fluoride with fluoride of potassium. It is dissolved by water containing a 
little free acid, and separates, during evaporation or on oooling, as a diurk roee-ctdouriHl 
powder, which becomes lighter when dry. The ammimium-mlt is exactly similar ; the 
sodium-salt is more soluble. 

/3. Molyhdic Fluoride . — The solution of molybdic hydrate in aQiUH)Uii hydrofluoric 
acid is red, unless the acid ia iii very large excess, in which case it is almost eolomiosa. 
After gentle evaporation, ijrtierely it is soon rmuh rod bliMf tf the acid is not in excess, 
it leaves a black crystalline residue (of molylHlie fluoride which itMlissolves perfcotly 
in water, forming a rod solution; but if somewhat more strongly heated, loses acio, 
and when dis8olv^in vriit.er, leave.s a residue of molyklie oxid<'. (Merselius.) 

Double salts^of molybdic fluoride ai*e obtained by mixing tlie solution just describe^l 
with the fluorides of the alkali* metals. They are rusty yillow j)u\vders, somewhat 
soluble in water. 

The blue oxide of molybdenum yields with hydrofluoric acid a d<?ep blue solution 
which does not cryst^lise. (Bersoi i us.) * 

y. Hexjiuoride, Molybdic trioxide dissolvrs readily and abunilantly in aqueoittldBlT* 
drofluoric acid. The colourless solution lune a sour and (iiHagrt‘eublo mi tallie tas(e, <ad 
yields, on evapdh»tion, a yellowish syrup whidi exhibits no signs of (•rvHtalllsation ; 
assumes a greenish or bluish tint when liealed, in coustMiuence of minute organic pur- 
tides falling into it; redissolves but imperfectly in water aft^er ('va]H)ra(ion to eornploto 
dryness ; and leaves an insoluble compound of molybdic trioxidc with a small proportion 
of hydrofluoric acid, or of molybdic trioxidc with hexfluoritlu of molybdenum, which, 
though soluble to a certain extent in pure watex, is preeipitaU d from it by the first- 
mentioned acid solution. 

Several combinations exist of hexfluoride of tnolybduiium with the more basic metal* 
lie fluorides ; they are not, however, known in the free state, but only in combination 
with salts of molybdic acid : e. <j., K^oO'.K^MoV^f! (Bersoli us.) 

MOXiTBBSlsrinfMI OBAKCB. Native sulphidn of igolybdeiniin (p. KM 3). 

MOZiTBBBM’UMt XOBZDBS l>F. Molybdenum asd io<liiu‘ do not act on one 
another, even at a red heat. By dissolving molybdous hydrate in liydriodic acid, a so- 
lution of molybdous is obtained resembling that of molybdous chloride (p, 1029). 

Molybdic iodide is obtained in solution by saturating hydriodic acid with molyklie 
hydrate. Tlie solution is red, and yields by i'Vu]K)riition in contact with the air, a 


MOliTBBBinnif 

Mo’BriP 

acid on mofybdtmx 
ci. 285. 


^pp. i 020, 
(Tuttle, AnD,:C^; 
xusfctti'w; 1857, p. lOi.)— TI imo cQBf 


iiLv the dblori&i 


Tuttle, by heating molyb^c divide iti li 
ammonium was vmatiliw. obttij|e(i w blacl 


which h«V0 Obtainfd by 

over molybdic the dbloriilp^^iai^ at 

Tuttle, by heating molybdic dilofide ih till the 

ammonium was vmatiliwd, black fi fafliigy mayi containia^ 82'8 peif centii 

molykienum, pK)bably consistiffijll^ xMbN.Jfl^ A ‘ 

tjhrlaub h^ also obtained comUttax^ of atMih# ^itlltition by the action Of 11% 
ammonia-galym molybdic chloride. iPhe ac^ tal^jplaoe even at ordinary tempera- 
tores, and iiliteiided with to {MMtially fuse the mass and 

drive off chloric <^minoniuin. a gentle heat, the product 

bMome. Tiadil, mmKpii MclUte 

of brownish c^stalijfiri the colder ftoitti sal-ammoDiac by 

rapid wadilhg with i>|itor, and diei^ dvm&a taMm it exhibited a 

eompoeiriem eaqueaeible Ijr the itotmti This oomponiid 

bma brifthtlT in eoiygeh.'Bib of m ammonia when 

Ignitod w %di«««ii |il» with hy^lpto of j«t«Mit^^ 5 >mpw resembhag 

; a W-'# . 


p»l, it exhibited a 
Ihisoomponiid 
ammonia when 
mud resembhaft 
fV was 
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by heating molybdift ehl 0 ri<fc in amraonia-gas, the heat being at last raised to low 
r^ess. Molybdic -chlorid^^gradually heated to redness in a stream of amraonia-gas, 
yielded, but not always, thec^pound Mo*N*, which resembled the twopreceding in most 
respects but had a .greyer colour; sometimes, however, nitrides were obtained, interme- 
diate in’ composition between HoW and All these compounds, when heated 

to whiteness in ammonia-gas, yield metallic molybdenum. 

Molybdous chloride treated with ammonia-gas yields the same compounds, together 
with another, whiclv according to Uhrlaub, is analogous in composition to some of the 

Nitrides and amides of mcjKMenum are likewise obtained by the action of ammonia- 
(THS OB molybdic anhydride. TSie reaction appears to be very complicated, the products 
MoN* MoH^NVU^N*, and Mo*N* being obtained in different proportions according 
to ^ tempera&«, and often uniting together to form compounds varying greatly in 

«ofm|K)sition. . i 

OF. Molybdenum forms three oxides, having the 

ftditfwing composition : 

Protoxide or Molybdous oxide .... MoO 

Dioxide or Molybdic oxide MoO* 

Trioxide er Molybdic anhydride .... MoO* 

The first two are basylous and form salts with acids ; the third also unites loosely 
with some of the stronger acids, but it is decidedly of a chlorous character, uniting 
readily with the more basylous metallic oxides, and forming definite crystallisable salts 
called Molybdates. There is also an oxide (or perhaps more than one) mt-erme- 
diate between the di- and tri-oxide, which may be regarded as a molybdic molybdate. 

Protoxide or Molytodoua oxide, MoO. This oxide is produced by bringing tho 
di- or tri-oxide, in presenc^of one of the stronger acids, in contact with any of tho 
metals which are capable of decomposing water. Thus, when zinc is immersed in a 
concentrated solution of an alkaUno molybdate mixed with a quantity of hydrochloric 
acid sufficient to redissolvo the molybdic acid which is at first thrown down, the liquid 
becomes first blue, then reddish-brown, and finally black, and contains chloride of 
zinc and irtolybdous chloride. To separate the molyiidenum from the zinc, ammonia 
is then added to the liquid in quantity just sufficient to precipitate the molybdenum, 
as black molybdous hydrate, while the zinc reittains m solution. The precipitate, 
however, carries down with it a certain quantity of zinc-oxide, from which it may be 
freed by washing with ammonia; but it is difficult in this way to obtain molybdous 
hydrate quite free firom zinc. A better mode of preparation is to agitate the acidulated 
solution of the molybdate with an amalgam of potassium containing only a very small 
quantity of potassium, and precipitate the resulting solution of molybdous chloride with 

ammonia as before. ..... i. , m 

Anhydrous molybdous oxide may be obtained by drying the hydrate over oil 
ofvitrmlin a vacuum, and then igniting it. out of contact with the a^ ; or directly 
by digesting the (used or sublimed trioxide for a considerable time with hydrochloric 

““An^cb^’ molybdous osdde is perfectly blaik by ordiiuOT daylight ; hut that 
wired by the last mofliatf exhibits a dark brasiiyeUow colour, wbrn eipo^ to the 
direct rays of the sun; H also exhibits the crystalline fom ^ T 

it has bMn prepared, and oxidises in the air more rapidly aaB#g«^eh is obtain^ 
by igniting the^drate. The anhydrouj oxide, when heated BesaW to redness, emits 
a ^ind but momentary light, indicating its passage into raother d^Moation. It is 
inioluble in acids, but the hydrate di8S(51vo8 slowly, forming the m oly b d o u s s a ^ 
^tioBS of which aro black or purpl^ -and nearly opaque, except when Wly diluted, 
in which caae they are transparent, and have a greenish-brown colour; their tMte is 
Oitringent but not metallic ; when exposed to the air, they oxidise, but not so rapidly as 

the molybdic salts. -r. • -x* 

IMoidde or Molybdic Oxide. MoO* -This oxide i^obtamed : 1. By igniting 
molybdic hydrate in a vacHum (Berzelius).-2. By easing the tnoxide m a stream 
of hydrogen to a heat not. greater than that of an ordinary spint-lamp (Svanberg), 
It is alw said to be produced by igniting molybdate of ammonium in a close vessel, 
or by igniting a mixture of potassic or sodic molybdate with sal-ammoniac, and 
di 8 sivi 4 out the soluble chlorMe with water ; but the oxide thus obtained appears 
to be contMiinated with nitrate of molybdenum. , , , v 4 

Molybdic oxide is rod-l^wn. It is not attacked by aqueoM hydrofiuonc or 
hydrochloric acid, or hjr hydrochloric acid gas at a red h^t. Sulphunc acid 

of add tartrate of potassium takes up u 

digestion, and the residue Idt after decanting the J* 

©f 8u4>htme add or solution of cream of tartar. Molybdic oxide is further 
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oxidised by ignition in the air, or bjr treatment with nitric acid. Cmustio potash* 
solution neither oxidises nor dissolves it. 

Molybdic hydrate is obtained by precipitating a sohition of molybdic chloride or 
other molybdic salt with ammonia, which must be added in excess, as oth^iso a 
soluble basic tkilt will bo fonmnl, especially M'ith the chloride. The hytirate itself i« 
also som .-what s(duble in pure water, so that, in very dilute solutions, ammonia docs not 
form any precipitate, until sabaminoniae is added. For the same rt^ason, the washing 
must not be carried too far, and is best finished w'ith water containing alcohol. The 
waslied hydrate maybe pix'ssed between paper and driiai in a Tacuuen^ ^ It has a 
rusty brown colour, just like that of ferric hydmte precipitat^ by ammonia. Whei» 
exposed iu the moist state to the air on filtering paper, 4t «c<iuires darker colour and 
shining surface, and begins to deliquesce, ^uissing into a hij^her ai^ much more soluble 
oxide. It dissolves, as already observed, in a huge quantity of wJilWti forming a uarK 
red 8oluti:>n, whicli geiatinises Milieu kept for throe or four weeks filia olosod vcaiK)l, 
reddens litmus, a pro[>erty likewise retained by the hydrate precipitateil from^it^y 
sal-auimoniac, and has a somewhat astringent taste, Mrith nistallie after-taste.' T8lS 
solution, when left to (‘vaj>onite spontaneouHly, first gelatinises and tlwn dfies up^lo a 
dark brown, nearly black nia.ss, green and blue on the edges, which is na loili^r 
soluVde iu w'ator. Tlie liydrale is insoluble iu caustic potash, but dissolves in aQUedhA 
neutral carbonate of potassium, and more easily in the acid carbonab', from w'luchsolU'* 
tion it is partially precipitated on Ijoiling. It dissolves al.so in carbonate of ammo- 
nium, and is completely precipitated therefmm by Iwiling; the precipitjito is denser 
and of a lighter yellow colour than that obtained with caustic ammonia, but dissolves^, 
like the latter, when wa.shed with water. A solution of molybdic oxide in an alkaline 
carbonate is convirted by atmospheric oxidation into a molybdate of the alkali-metalk. 

Molybdic hydrate dissolvs in acuh, forming the moly btlic salts. These salts may 
also be obtaiiD^d by digesting an excess of nietallic ranlybdt'imm with the acid m 
which it is to 1 e dissolved, and adding nitric acid drop by dr»)p till the other ucid is 
saturated with molybdic oxide; or by dige.sting an excess of molybdenum with 
molybdic anhydride, and tlic acid which is reemired to dissolve the resulting 
molybdic oxide hydrocliloric acid, for example till the blue colour first pnsluced 
eliai.ges to redd i.^li- brown ; or la.stly, l»y digesting molybdic anhydride with copper and 
an a?id, which in that case dissolves cupric and molybdic oxides together. 'lh» 


molybdic salts, in the anhydroun«stnto. are lUniost black, but wlnui liydraN d they aru 
.,..,1 T.r»rtrtiKh.l.tvnvn solnfions in water. Tliev have a roiigli, Bomewhut 


red, and yield reddisli-bnjwn solutions in water. Thejr have a rougli, Bomewhnt 
astringent and subsequently metallic taste. Their solutions^when heatod in oont^it 
with the air, have a tendency to become blue by oxi<lation. [For their behaviour witla 

reagents, see p. lO-IO.] * 1 . j . 

The oxides intermediate bidween the di- and tri-oxidos will described Mf 
molybdic molybdates (p. 1039). 

Tiioxide. Molyhdic Anhydride, Ayihydnnih Molybdw acid, MoO*. This oxidn 
occurs native, as molybdic ochre or mol vbdin, forming an earthy coating on tto 
native sulphide, sometimes also iiidependontW ; at Altenberg in Saxony it oc^rs in 
rhombic pilfems of 136<»**48' (Breithnopt, Jabresb. 1858, p. 683). It may be former! 
artificially by exposing molybdenum Or iU lower oxides, Of molybdic sulphide, to long- 
continued heat in contact with the uir, by fusing the samo«abitanccs with nitre, or 1^ 
heating the mi^'^ti'oxides in an atmosphere of aqueous vapour, or with hydrate of 

» From MohjMie Tl.e piwij)itat*<l aulphidf, or tho n«livr 

mint rul finely pulWtfined, is roii-sted, with rontiinied stimng, in nn open crumble pUtr.Ml 
in a slanting position, so that the air may easily play »i)on its aurface. The naU ^ 
sulphide, however, generally contains alumina, owdo of copper, wd ph^hone 
the separation of which from the product U repr troublesome. Hcnee ^ M t« 

heat the mineral in lumps ih an open glasa tnlie, through which a «tream o f la 
drawn by an aspirator; the trioxidc then sublimes in crystals in g stats of 
purity. (Wohler, Ann. Ch. Pharm. c. 376.) . . . , i w Asasm mis 

0. From native MotsMale of fcatf.-The mineral finely pounded and 


0. From native Jlfe/yWafe of fcatf.-The mineral finely funded imd 
bonates of sine, iron, and calcium, by digestion in dilute hydrochlone acid, a nd tho^ ^ 
washed by decantation, ia healed with pt. strong snfphune acid, with consto^ 
ring, till the solphuricacid begin* toeva^ate. It la then 
quantity of water is addwi, and tl» insoluble sulp^to irf 1^ « 
filtrate is mixed with nitric aeid and evaporate<h wA 

basin, tfll the aeid begin* to evaporate ; the mtrfy^ OlAydlWe *?* 

white powder, which may, be freed from phMpl^ add 

mixed ^ the last with^llr drop* of nitnc acid — Orthe mineral, aito ttertmOTt trttt 
dilute hydrochloric acidj^^W he evaporated to dryness W<h stnmjf Iwd^hlono 
the dtyresidne (containing oxycliloride of lead and motflxlie ai^dride) exhausted 
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vitJi ammonia ; the ammoniacal solution crystallised, or evaporated as before with 
nii^o aeid| and the reS^Stie treated >«rith water. Or again, the mineral is ifused with 
its awn weight of calcin^ cream of tartar ; the fused mass is exhausted with water ; 
the aqueous solution exaporated to dryness, after saturation with nitric acid; and the 
nitrate of potassium is dissolved out of the residue with water : trioxide of molybdenum 
then remains behind. 

Properttesr-T-TjioxidiQ of molybdenum, as usually j^pared, forms a white, light, 
porous mass, which when thrown into water, separates into sm^ thin scales having a 
silky lustre and glistening in sunshine. Specific gravity « 3*49^t a red heat it melts 
to a dark yellow liquid, which on cooling forms a straw-yellow mass, breaking up into 
crystalline scales. JJy slow cooling of the melted mass, slender needles arc obtained 
belonging to the trimetric system and exhibiting the f|ices oof oo , oof J, § Poo &c. 
{referred to the prism ooP, observed by Breithaupt on molybdinl. Patio of secondary 
axes to principal axis = 1 : 0*3872 : 0*4792 (Nordenskidld, Pogg. Ann. cxii. 160). 
In close vessels it bears a strong red heat without volatilising ; but in open vessels or in 
a current of air, it sublimes at its melting point ip colourless laminae. 

pcqompo8itions.~\, Molybdic trioxide is reduced 1. Tothc metallic stete by ignition 
potauinm or sodium (with vivid incandescence) or with charcoal ; also when 
strobgly heated in a stream of hydrogen, — 2. Tomolybdous oxide, by digestion with hydro- 
chloric acid and amalgam of potassium^ or isinc, or other metal capable of decomposing 
water. — 3. To molybdic oxide, by ignition in combination with ammonia, or by 
di^stion with hydrochloric acid sitiii molybdenum or copper; also, according to Buff 
(Ann. Cb. Pharm. ex. 257), by subjecting it in the fused state to thf action of the 
electric current ^ the molybdic oxide thus separated unites with the excess of trioxido, 
forming the compound MoO*.2MoO* or Mo®0“, which separates in crystalline laminm 
and gradually forms a conducting communication between the pole8.-~4. To the state 
■of blue oxide, by a small quantity afmlphydric acid, in presence of water, or on exposure 
to heat, with’separation of sulphur; by sulphurous acid, with production of sulphuric 
acid; by aqueous hydriodie add^ with separation of fn-e iodine, and formation of a 
liquid which at first is green, but afterwards blue ; by boiling hydrochloric acid, with 
disengagement of chlorine ; by nitric oxide in presence of water, with formation of 
nitrous acid (K astn er,Kastn. Arch. xxvi. 465) ; by stanmnts chloride, with formation of 
stannic chloride ; also by digestion with water im^metallic molybdenum, — 6. To sulphide of 
molybdenum, by sidphydric add in excess, in presence of wiitor, or if^rhen aided bv heat. 
Molybdic trioxide is not atfected by fusion with metallic molylKlenum. (Berze*^lius.) 

Combinations, 1. With Water. — Molybdic trioxide i.s but slightly hygroscopic. 
It dissolves, according to Bucholz, in 500 part.s of cold water, and in a much smaller 
quantity at a hifehcr temperature: according to Hatchett, it requires 960 parts of hot 
water.' The solution has a faint metallic taste, reddens litmus -paper, yields a red 
precipitate with ferroeyanide of potassium, but not till one of the stronger acids is 
added. Graham (Chem. Soc. J. xvii. 326), by dialyifia’g a solution of sodic molybdate 
mixed with a large excess of hydrochloric acid, has obtained a solution of molybdic 
acid (containing about 60 per cent, of the quantity present in the original solution), 
having a yellow colour, astringent to the taste, acid to test-paper, and capable of 
decomposing carbonates with effcn’o.scence. Evaporated to dryness at 100*^, it leaves 
molybdic trioxide in scales like gum or gelatin, and still soluble in water. It docs 
not appear jx)ssible to obtain molybdic acid in the solid state. 

2. With Acid.s. The affinity of molybdic acid for other acids is very feeble. After 

ignition, it is but slightly soluble ip a-boiling aqueous solution of cream of tartar; 
before ignition, however, it dissefives iti some of the stronger acids, e,g, in boric, phets- 
phoric, sulphuric, nitric, and hydT6^1doric acid^, forming compounds which may be 
<ffllled perraolybdic salts. The solutions thus obtained are sometimes colourless, 
aometimes yellow or brownish. By metallic or tin, they are first turned blue, then 

gr^, and lastly black, molybdous oxide being precipitated; by digestion with copper, 
they beepme dark red. Stannous chloride produces a greenish-blue precipitate, which 
dissolves in hydrochloric acid, forming a green solution. Sulphydric add, in small 
quantities, eWours them blue; in larger quantities it produces a blackish-brown 
palpitate (a mixture of disulphide of molybdenum with sulphur, according to 
Berx^us). Sulphide of ammonium behaves in a similar manner to sulphydric acid 
o 1 z, Be r z e 1 i u s). Ferroeyanide of potassium produces a dense, reddish-brown 
precipitate, soluble in excess of the reagent, and also in ammonia (Berzelius). 
Ferrioyanide of potassium gives a somewhat lighter coloured precipitate, which is 
likewise soluble in ammonia (H. Bose). Tincture of gaUs throws down a green 
precipitate. (Smithson.) 

P^molybdic BoratK Molybdic trioxide dissolves in boilhig aqueous boric acid, and 
the filtered soluUon^^fi^lds by evaporation colourless ciystS^docomposiblc by alcohol 
Into a yellow pow<^ and h<wic acid. (Berzelius.) 


MOLYBDATES* 


Ptrmolyhdic titrate. The solution of inolyWic trioxidoitt nitric 
brown, has a feobly acid and subi?qucntly bitter, metallic, aiMngt'nt U0t^ and 
off nitric acid when evaporated. * V i 

Pcmidt/hdic Vho^phaU or Pkuiiihomdybdic Acid, Molybdvc trioxido digasted wlulo 
8till moist with a small quantity of atjueous phosplioric acid, yielda a lamon-yollOW 
salt insoluble in water (Berfalius). Wit-h a larger proportion of phoimhqrio add, 
this yellow salt dif«olves on the application of heat, forming a rolourlcas liquid, whieft 
yields by evaporatio%a tenacious, uncryatal livable, transparent mass, having a very- 
rough taste, and vt ry^liolublo in w'ater and in alcohol. The alcoholic sohilion is yellow, 
but turns blue on evaporation, and leaves a brown, oinu]ue residue, which rodttwolvea 
in water, forming a blue solution. (Boraeliui ; see also Sviyiborg and Struve, 
Ann. Ch. Pharni. Ixviii. 209, 293.) 

Tlio yellow prt*cipitate forin<‘d on adding molybdate of ammonium to tho solution of 
a tribasic phosphate (p. 103*2) appears to vary m et>mposition uec^ording to the circum- 
stances of its formation ; at all events the formuhe (all very eoniplicak*<l) assigned to- 
il by different chemists do not agiN-e W'ithone another (see Nutzinger, Jainvsb. 
p. 274.— Seligsohn, ihUL 1850. p. 376.--Eggertz, ihid \mi), p. 620).-[For tho- 
modes of applying ]>liosphomulyl>-hc jis a test tor the alkaloids, sci^ i. 127.] 

Pcrm(flyh(iic Suf/i/iafc. lly iMiiliiig dilute sulplmiic acid with an excess of molybdic 
trioxide, a turbid, milky liquid is olUained, wdnch gelatinises on cooling, and deposits 
pale yellow Hakes of a basic compound, sparingly soluble in water but not in alcohol, 
though the latter colours it green. (Berzelius.) ^ ^ V 

A solution of molyUlie trioxide (not in excess) in dilute sulphuric acid has a light 
yellow colour, and dries up to a h-mon •yellow crystalline mass, W'hi^ deliquesces in 
the air, but is only partially soluble in water (BorzeliuH). According to Andex- 
8 on (Bere. Jahresb. xxiii. 161). the solution of molybdic acid in sulphuric acid docs 
not yield cryst.ils on rvaiMuafion ; but when molybdate of barium is decompos^l bv 
excess of dilute sulphnrie acid, and the clear solution CTSporated over oil of vitriol, 
crystals are obtuinc(i. • -i 

Pennolf/hdic Tartrate. The solution of molybtlic trioxidc in aqueous tartaric acidy 
yiolds by evajK>i-Htion a blue non crystalline in a.ss, perfectly soluble in water and m 
alcoiiol. A boiling solution <»f a<’id fartrute of |K)tassluni easily dissolvi's molybdic tri- 
oxide, even all er ignition. The s.,lution dries up to a gummy mass of potasaio-jKr^ 
molyfxlic tartratr, (Berzelius.) 

3. With Basei, forming the Mf.Lvnn.vTBS. Molylniic trioxidc exhibits witlkfnost 
nutalHc oxides the characters of an anhydrous acid, or anhydride, forming no tttxa I 
inolybdatos containing R'^O.MoO’* or li^MoO^ ; uci<l and double 
which may be represented by the general foruinlu R""Mo'‘0^“, the rtlOlcculo being; 
made up of two or more metals, including hydrogen; and anhydro-motybaates; 
expressible by tbcgenenil formula R^"Mo"0^".w»MoO*, the letters m and n represent- 
ing whole uunibefs. The neUWll molybdates of the alkali-metals arc easily soluble 
in wat 4 ‘r, and are obtained ly digesting molybdic anhydrido with tho aqueous aTkalis 
or alkaline carbonates. Tin y are decomiKwed by the stronger acids, With precipitatmn 
cither of .« less soluble acid salt, or of molybdic anhydride. Thoixbchav^ur with other 
reagents has been already describ' d (p. The molybdates of the Other inctlilsspi 

insoluble, and are obtained by preeipitatioii. They are colourless unless they coutOlA 
a coloured base. 'W- \'i 

Molyhdute of Aluminiu m. White precipitate, insoluble in water. k 

Molybdates of Ammomiim. Tlie ruutrel mil, (NH‘)’MoO*, i» obtuned W: 
treating molybdic anliydridc in ixcens with otrong a^ueoui ammonia in a cloned xttiO, 
precipitating the solution with alcohol, and drying over qaioklima. _ . , • 

Atnd saltl-Tbiso arc obuined by evaporating a solution of molybdic anby^iito 
in excess of ammonia. If the evaporation takes idace quickly, a cryistaUine » 

precipitated, which, ai-cording to .Svanberg and 8truve, is an 
i NH*W2MoO- or (N'H')'MoO‘.MoO«. U is probable, however, tb« ^aalt tbu 
prepared contains 1 at. water, L(NIC)-0.2>lo0-.Il«0], in which case it nwl* 
as an amnumio-hydric nuAyhdate, ‘'‘”‘| MoO*. A salt having this compoiitioa toiS 

fact described by ». Bath (Pogg. Ann c*. 18) m cryst^sing in 

rwvPi r^Psel ooPoo . — 1* . + ‘iP, and having ths ratio of m 
a : b: e « 06297 : 1 ^ 0 2930; the angle of the inelinro axes » 91® llPj «flli 

perfectly clcBTable parallel to [ *P« ]. 

e. Atetrarnmonio-heshydric-violyledsUs, •apamtt* ^ 

of molybdic anhydrido in ammonia, when conomtrrfef to ‘I** 

to eva^rate in tte air, in large transparent six-«d<^prisflia (S y»yjto rg and S»B ve.^ 

When a solution of this salt is boiled with (Ummnic.'chrorr^'/emc or manganm 


30 I 

Che 

greenisl' 

driodk ac%(H 

tychlori^ 

it generaUJj 

dded to the l 
tie fonn w J 
irater, 

The hyd# 
^iehlB soiut^ 
[jxygen row 
hydrohroWm 
yellow seal® 

concent ratiK 
caHily bgIuI- 
unless it 

Similaifly | 

crystalUnof 

corresponCi 

re8pondin| 

T«oCl».^^ 
the latt4 

forming if 

may ho 
tiblo dof, 
anhydri^'*^ 

raised, a 

or loss c 


The sr 

are hei?: 

ThoJ- 

and a| 

acid ^ 
yolloijf; 
vario| 
diss^ 
coml| 
acid.-' 
decor 
com| 
6olu1; 
in tt; 
Hof 

hn 

Blot' 



Frc^ 


th«; , 


inoii: 


(MJ 


co' 


ch 


bi 


B; 


T 


ir 

1': 

< 

i- 

i 


I. ' 







©EJ^SJM : P 

double salts arc obtained, 
of whi^ ma> b# pej^reseatw^i thaf of ^ alumiiiic salt, viz. 

ifelO*] + ^ ArlMo^O ^riPO. This salt 

IjUilea m small, white^ in water than the cor- 

issium-salt (which palter a5>7^ ). The crystals 




ire (thi? PemaiDing water of 
If^tps ; the remaining 3 nt. 
wi6l^gly heated, they yield a 
idO) Petainitig the form of the ori- 

^1!*^ 

tU Pose-ped^cpl^ti® plates, which giro 


J irater when exposed to the 
between 100° and 120°, w: 
c) at a higher terapepatur^l 
yeUbwmh ri&sidue of alumina and molyl 
gjrii»l crystals. ■ ' .# 

' The ammonio’ckromic salt cxystaUises^lt 
off 6 at. water at 100° and 2 at. more at 1 20*°* and*when heaWN^iredness, leave a mix- 
ture of chromic oxide and raolybdic anhydride; i^e ammonw- ferric ialt forms yellowish- 
white crystals of the same form, but difficult to obtain pure in any considerable quantity. 
The ammonio-manaanio salt, 5[(Nfi^)*0%2M«0*l + Mn'O^OMoO* + 12H*0, or 

(NH^) ' .V,. .. 

fTur^s" ( Mo® 0”.2H*6, i^flapmopphoSs with tWcomfponding potassium-salt (p. 1049) ; 


(Mny 

dissolves in 101'7 pts. water at 17°; ispermwh^lliihe air;; -and gives off thr^fourths 
of fls total quan^ty af water at 100°^^ (Str^i^.) > 

The precipitated jss^^ a 

sparingly fol® crystalline powder, on adding chloride of barium to a.^l};Lti9ii of 
molybdic acid in excess of ammonia. (S^anberg and Struve.) ^ 4 ^ 

Schultze by fusing together 2 pta. molybdate of sodium, 6 pts. chloride p^bariiun, 
2^pts. chloride of sodium, obtained jfhe s^e salt in distinct qnadratic^pyramids ^ 
pts. sodic chloride it was obta^nw as 4 cpystalline powder, , , 

Tlie salts and lfa*H*Jdo*0*®.3H*0 are «btaihi|d by precipitati^ 

the correspondilig ammonium- salts with chloride of barium ; and by 

daaomposing monofemr^ie'lh^yb with dilute nitric acid, an anhydro-salt is formed 
containing Ba"Mo0i$SiS^UlI'''O, crystallised in small six-^Eed prisms, fusible and 
insoluble i n water, ' ii b e r g and at i* u V 0 . ) 

S^iyhdaH^f .Qadmium, Cd"MoO^ if obtained in shining by 

meltlng^to^^®^^ P^* molybdate of sodium, 7 pts. chloridatof cadOTWh, ano^ pts. 

. :^jpamoi!';awl^^C (Scbtiltze.) . -V- 

^^ Moiihdkh of Ca^ium, Ca"M6dVi» obtained by fh^g ^o^liei* 2 pts. molyb- 
date of p^v boride and 4 pts. common ^j^'in Itwte* well- 

developed qui^atic pyr^lds. j;:(S<Sh u 1 1 ze.) .Mtt: ^ 

hy precipitation, in white flake6^8lK>lhble in watqr, 

* ^ ^Soxk'elius.) 

potassio-chromic miAM^tes are 
d, by dIaioiTing chromic hydrate in the acid m^Pbdatos of 

^plyhdateof C6halt\%{iiAAm^ in greyish-green indistinct crystals, byfasing 1 pt. 
dybdate of sodium ?n;tt|toto..^lprideof cobalt and 2 pts. common salt. (Schultze.) ' 
T Mo /y Oif precipi tfite spari ngly soluble in water, decom- 
posed oy acids ^ ^ in s). Acid molybdate of ammonium added to a 

boiling solutiombf down a he^ivy green amorphous powder, con- 

sisting of a basic cupric ifiDjynfl^^^0u*H).3Mo0*.6H='O^ or 3Gu"MoO*.Cu"H‘‘'0’.4H-^0. 
By adding" molybdate of ammonium in excess to a cold solution of cupric sulphate, 
an amttumio-cvprie salt is formed consisting of 0u"(NH*)*Mo*0*.3Mo0*.9H'‘'0 or 
JCu"(NH'*)*HyHo*0*®.6H*0. It is a white-blue crystalline powder which gives off 
4 at. wat^’S||fe3^ and 4 at. more at 200°. (Struve.) 

/ron. Monoferrous molybdate, Fe'HoO*, is obtained in dark 
lUmwn tnon^^M prisms by fusing 1 pt. molybdate of sodium with 3 pts. ferrous chloride 
3 salt (Schultze). Ferrous sulphate added to a solution of potas- 

Jiemi^ybdate reduces the molybdic acid to a lower stage of oxidation ; but if chlorine 
lm|iassod through the solution at the same time, a bulky precipitate is formed, which, 

' when dried iu the air, forme h light yellow powder consisting of Fe‘^0*.5MoOM6H*0 
X^trn ve). A solution of molybdate of ammonium mixed with a neutral solutiou 
,|ii|^ferric <miorye Immediate mxxiimis a bulky sulphur yellow precipitate, which when 
ixmtairn^ (Steinacker, Jahresb. 1861, p. 238.) 

A Ne^da city in California, described by Owen (Jahresb. 1852. p. - 

887) n*? a ferric molybdate, is, according to Genth (Sill. Am, J. [2] xxviii. 241), very 
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r .. i ;l»!o ia coni\x>8ition, and ap 

i rowii hiVH^itito. 



H^mutura of moljfl4||^ 


A ui mtmio^irrric and /VfaMiO'/erjdii^97ii|^^ obtained ia the \ 

nioniioned (p* 1037). " 

Mo ly b e oj Lead, ^PhC^MoO* tfhirealt occurs natii^ iui . 

nixtt or Yclhw Ledd dif^ (Qfiilibmmf ) octiihedrons 
ing to the dimetrie feystem^ the a«d oP* ' 

principal axis «- 1-574. AftglfjKplf 3? 1% edg<‘8 ««* OO'^ 40'; |^ Uie iat<n^ 


edgi‘8 - 131° 35'. OleavafsTndWln^tpim to P. It occurs also granutarf|y m^#iNe, 
coarse or line^ firmly coherent. Harooele y ^’75 to 3. SjHK'ific gravity «- n’8 to 
Unstre resinoiiB or adamautiap«k: ColcW^ipl^w i»to omnjjc-ycllow, ideo 

^kin- and olivc-gieen, yelj|pwi»li*grcy, and'brown. StrtMik white. Sub- , 

transparent to subtranatliMt. FraotttPO miljconchoVdal. Brittle. When heated* it . 
diKTepitates stronflly’, and assumes a darkaroolour, disappearing howover on ccading, 
and fuses to a yeifow mass. When fused oit charcoid before the blowpipe, it sinks into 
the cluiTooal, leaving globules of lead, the chareoal at the same tiipe iH'coming impreg- 
nated ifith molybdenum and n^lybdide Of lead. It djiBSolves easily in borax and m 
microcoHMic salt^^ exhibiting the eeaotuinf of radybdehum altee^ montionetl (p. 1082). 

It diesolvt*8 in hot nitric acid^ with iepanition of yellowish-whlj^ perinolylxiic nitrate, 

(p. 1037). Strong hydroqUiric add die^ves it, forming a |iW» iolution, tocether 
with chloride of leail, whfch deparateB mo^ completely on addition of elcolioL It diik 
tolyea alao in c«\isticpe^tfs^. . * . . " # 

AoWbdate of Iwid occurs, with other lead ores, in veins of limestone, at SftbWHWi«i» • 
hnch^:jS|l^)3^^ and Wiudi.sh-Kappel, in Carinthia; it is also found at Retsbanya^Ia 
Hn|i^ry]^^a at Moldawa in the Baunat* where the crystals arc red, and Viear coi - 
sidi^blc reeamblailce to chromate of lead : in small quantities also at the Southampton 
!^d mine, Massachusetts, and in fine H^ishdrangc crystals, containing a trace 
chromic acid, at^Wheatley's lead mine near Phoinijfville, Ponusylvanin. Tim spc^ime)iti 
frotp those several tpsalities are nearly pare, the pro|X)rti0h of laqlybtlic anhydride 
found Viy analysis varying from 37'66 to 40*5 jmr cent., and that Iff ]kttd.oxi(}e from 
59 0 1.) G2-3 per cent., while the formula PbO.iVIoO* requires: ’Sfi’d par cerit. MoO* aod^ 
61‘5 PbO. The Bleibftisg%iineml contain.^ a small quantity O^inipadium. 

MolyMatc of load is firmed artificially by piwipithting lead wi th neutral 

molyUm .0 of ; also, according to Mchulze, by fusirq; 2 pUi^molybdallff (if 
sodiuni^nth O^Wchle^d#: o^ lead and 1 pts. common salt. As. thus preppy it 
forms crystals, while when pure, yellow if they ctmtain .a little ph<»phonc acid. 
tuns, in vaifTin^J^portlons, of molylsiutc ojP^bdiMm, tdininm^^f jyibissium, ehlend«l^^% 
lif lead, and commoh salt, yield crystallisod salts, whidti. whei^ihey couj^tt not mors ‘ : 
than 4 2>'r cenr^romate of Io*ul, are qiwidrntic Uhi^: of mblybdate of lead, 




than 42‘'pcr cen^^i^romate of Io*ul, are qiwidrntic qf lef 

but with a df4»p^^colour ; with from 42 to 90 por chl^ lead, they i 
mohiiclinic »i navel low. ‘ r 


A molvbdato of loui fr«tm Pampluna, in South AonsrisAff^ PoUss ing- 

uuU (AnmiCh. Phys. [3] xlv. 32.5) to contaio- 7h*d per cent 2-9 

CO^ 1*3 jidi, 1-3 P*()*, 1-2 (T^O*, 1-7 FeO*. 2*2 APO* snd 3‘7qdisf# (.w 981); h# 
reg inis ItiAi a latsic salt, .3Pb(.).MoO* or Fb"MoO*.2Pb'U. 

Molybdate of Maane>xium, Mg"Mo0^5H»0, is obtained in distinct crysttlj^ 
by boiling molyb<lic aciu and magneBui altta with water* and #Vhporating the filtratt!4j^ 


by boiling molybtlic acia and magnesia aUta with water* and fffhporating the filtratiijlj^^ 
it gives olf 3 at. water at 100°. (Struve.) ^ 

^Molybdate of Ma nganeae is obtained as a he|ff^PpTO(V>^l^Sl#Uine powder, 
containing Mn 'MoOMI'O, by treating carlninate of 

potassium or soflium ; it gives off iu» water alsive 100% dtsiollflis sparingly in boiling 
water, and when boilcxl fur some time with the acid molybdate of poUssmm or Sfidmoi, 
yields double salts (Struve). Schultze, by fusing ! pt. nwlyljdate 5f with 


3 pte. manganous chloride, and 2 pts. common salt, obtained the a|j||^rq^ suit 
Mn"MoO', in large dingy yellow crystals having the aspect of bltlj^|M|’fnd ap- 
pearing under the microscope as small monoclinic |^?] tabled. TogetlM|M||||w^iis^t , 
there are often forpiod large red-brown lamin® of indeterminate fo^ 

Amnumio- and potamo-manganw iwlybdatesMO prepared by bfAlingtnO ffCldjffCffjp^-', 
dates of ammonium an^ potassium with mangan'e hydrate (pp. 1037, 1040 ). 

Molybdates of Mercury. On adding morcurous, nitrate to a 
trimolybiiteof potassium, a yeUowish-white flocculent pnil^tata is fomMji, whicWfl^^ 
imWiately colCrted on a filter, and washed tiU the wi^water 
on evaporation and ignition, consists of mercuroui'di^ymU Or 
Hg^O.UMoO* or Hg M:oO^MoO*. It is yellowish-i^jjs 

converted by prolonged washing, or more quickly by boiling m the mother-liqiK%|i^' : 






^ I# Ja^LTBDENUM ; OXIDES. 

golden^yeUow needle-ebaped crystals of M/ircurom molybdate, Hg^MoO*. 

Molybdates of Molybdenum. There ..are several oxides of molybdenum, inter- 
mediate in composition between the di- and tri-oxides^hich arc probably molybdutea 
containing molybdenum as their base. When a solution of molybdate of a|nmomum is 
mixed with a solution of molybdic chloride, a blue precipitate is formed ha^ung the 
composition of a molybdic molybdate, Mo"0*.4Mo’^*0* or Mo*0’^ The precipitate 
thus formed is, however, a hydrate, which becomes nearly black when ignited. The 
same blue hydrate is formf*dby the oxidation of molybdic, or the reduction of permolyb- 
dic salts (pp. 1035, 1036). It il very sparingly soluWe in sal-ammoniac, somewhat 
more in water, slightly also in alcohol The aqueous-solution has a dark blue colour, 
remains unaltered at ordinal^ temperatures, but bleaches more and more by oxidatici 
when evaporated by heat. A concentrated solution is resolved by alkalis immediately, 
a dilute solution on warming, into molybdic hydrate and molybdic anhydride. 

Another molybdic molybdate, supposed by Berzelius to have the compo.sition 
M 0 O 2 . 2 M 0 O® =. Mo“0", is formed when a mixture of the preceding compound with 
molybdic chloride is precipitated by ammonia, also when the blue oxide is digested 
with pulverised molybdenum, or when 2 pts. of the pulverised metal and 1 pt. molybdic 
trioxido are digested with a large quantity of water in a closed vessel, the colour of the 
liquid then changing from blue to green. From these solutions pulverised sal-ammo- 
niac throws down the compound as an olive-green precipitate, which redissolves when 
washift with watiT. From the product obtained by the first method, water dissolves, 
first the compound Jj^!oO*.4MoO*, and afterwards molybdic hydrate. (Berzelius.) 

Molybdate uf Nickel fo^s as a light apple-green precipitate. Schultz e, by 
fVising molybdate of sodium with chloride of nickel, obtained it in leek-green mono- 
clinic prisma, together with lemon-yelloW crystals of indeterminate form. 

Molybdates of Potassium. — a. The neutral or jm)?io?nolybdate, K^O.MuO^, or 
K®MoO*, is obtained by agitating the trimolybdate with alcoholic potash; it then 
^parates us an oily mas.s, which, when dried over;^me and oil of vitriol, cry.stalliBe8 
in four-sided prisms containing 2K^MoO*.H*0. It is also produced by mixing a so- 
lution of molybdate of ammonium with excess of carbonate erf ^tassi urn, and evapo- 
rating to a syrup. 

0. When a solution of molybdic jwid in carbonate of potassium is mixed with strong 
nitric or hydrochloric acid, till a slight permanent precipitate appears, the liquid, after 
awhile, yields crystals of a salt containing 4K‘0.yMoO*!6H*0, or (K*H“‘)Mok)"®.H^O ; 
and this salt is decomposed by water into the monomolybdate, which dissolves readily, 
and the trimolybdatc, which is sparingly soluble ; 

2(4K''0.9MoO*) « 3(K^O.MoO») + 5(K:^0.3MoO»). 

The dissolves easily in boiling water, and separates as a milky- white 

precipitate when the solution is quickly cooled ; but by slow cooling it is obtained in 
beautiful silky needles containing K’'0.3MoO*.3H*0, or (K'^If^)Mo*0'lIPO. 

Nitric acid added in excess to a solution of molyUlie acid in carbonate of pot.-issium, 
throws down a white precipitate, consisting sometinu's of Kq^.4MoO*, sometimes ot 
K'‘^0.5Mo0*, both anhydrous. (Svau berg and Struve.) 

Mo®0^l7H*0. — This salt, analogous in compo- 
sition to the ammonio-aluminic molybdate already descrilx-d (p. 1037), is prepared 
either by prolonged boiling of a solu|ion of trimolybdate of potassium with aluminic 
hydrate; or by precipitating a solution of alum with a neutral molybdate, that of mag- 
nesium, for example, and boiling the washed precipitate, consisting of aluminic hydrate, 
sulphate, and molybdate (mixed pivhaps with a little potJish), with a solution of potassic 
trimol|J)date, and evaporating the filtrate to the crystallising point. It crystallises in 
groupii of small white square tablets, soluble in 40 7 pts. water at 17®; is permanent in 
air at ordinary temperatures ; gives off 6 at. water at 100® ; melts when more strongly 
heated, and aolidifies on cooling to a yellowish crystalline mass, very slowly soluble in 
water and even in acid.s. (Struve.) 

Tho potassio-ckromic salt of similar constitution, eiy stalllsee in rose-coloured tablets 
solnble in 38*51 per cent, water at 17®, permanent in the air, giving off 10 at. water at 
100®, and behaving at higher tem|)erature8 like the aluminic ^t. (Struve.) 

potassio-ferric salt forms yellowi.sh-white crystals of the same form as tibe pre- 
oeding salts ; difficult to obtain in any considerable quantity. (Struve.) 

The pa^amUfhmanganic solf, 6K20.Mn*OM6MoOM2H*0 or Mn''' f Mo*0”.2H*0, 
is prepared, either by boiling mangmie hydrate with trimolybdate of potas.sium, or 
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better, by passing chlorine through ♦ hot solution of potassic trimolybdat^ and 
gradually adding small quantities of manganous sulphate, as long as tho solution it ^ 

thereby rendered darker in colour. Tho filtered liquid yields the double salt, aftef g 

cooling or concentration, in shining orange-coloured rhoinbohedrons, having the angle ^ 

of their terminal edges 107^ 45'. ft dissolves in 884*8 pta. water at 17®i more . r 

easily in boiling water, by whioh however it is partially do<,H>ni posed. It givosoff 9 at 
water at 100®, 2 at. more at 160®, acejuiring at the same time a darker colour; mcltn 
at a highfT temperature, and solidifies on cooling into a brownisli-rcd crystalline mass. 

With nitrate of silver, it forms a precipitate (.nuitaining molybdic acid, manganic oxide, 

ami silver-oxide, which decomposes during wa.shing.' (Struve.) , ^ 

Molybdates of Sil ver.-^DL Neutral argrutic molybdate^ Ag'^MoO*, is obtained by 
precipitating the neutral potassium -salt with nitrate of silver as a yellowish-white, floe- p 

• culent precipitate, which darkens on exposure to light, dis.‘iolves sparingly in water, ; ^ 

easily in dilute nitric acid. - 0. Trimolybdate of {x)tassium forms with nitrate of .silver f' 

a yellowish-white flocculent prf'ci])itate, of somewhat variable (*om{K>sition, but agreeing 
best with the formula 2Ag^Mo()\.‘tMoO’. (Svapberg and„Struve.) 

Argrntovs vudybdafe, Ag*0.2MoO* Ag^MoO’, is pnalueod by the action of hydro- 
gen gas at ordinary tt'mperatnres on the neutral argentic salt; or ladter, by passing ; 

hydrogen gas through a tube having a narrow aperture, into a saturated solution of ( ■ 

tho argentic salt in moderately strong atpieous ammonia; the reduction then also takes 
place at ordinary temperatures, but much more quickly at 90® (at higher tempowturcs ' 

.Mime of the silver may bo reduced to the metallic state), liy the first inetliS^ it is ‘ 

obtained as an amorphous mass ; by the second, as a black, shining, crystalline jniwder, § 

consisting of regular octahedrons. It is dissolvod by nitric acid, with ovolutioii of T j 

nitric oxide, and decomposed by jiotash (not by dilute ammonia) with separatitm of 
black argent ous oxide. (Wi)hlor, Ann. Ch. Pharm. cxiv. 111).) 


Molybdates of Sodium. — Tho nctUral or disodte molybdate, Na‘MoOMPO 
(commonly called the monomMybdaU), ie obtained liy fusing molybdic anhydride with 
an equivalent quantity of cry stfdHsdfi carbonate of sodium. If is easily soluble in wat^sP, 
and crystallises in small octahedrou«,wluch melt and give off their water at » modcrato 
heat, Sodio-hydrto Ta^(AyhdiiitOf NaHMoO* (or dimolybdate, Na’0.2MoOMl*0), ob- 
tained in a similar manner, crystalli.ses in reedlea, and dissolves sparingly in cold, 
readily in boiling water. The disodio-tt trahydrie molybdate, Na'Il^MoH^'^filPO (or 
trhnolyhdate, Na*0.8MoO*.7H'T3), is obtainrd, by adding nitric acid to a solution of 
moIylKlic acid in carbonate of sodium, as a bulky white precipitate, more soluble than 
the coiregjKjnding potassium -salt. Nitric ueid, added in excess to a solution of 
molybdate Of sodium, throws down nothing but molylxlic anhydride. (Svanberg and 
Struve.) 

Trimofylxlatc (»f sodium boil(‘d with alumina, chroniie ^ide, &c., forms double salts 
analogous to the potassiurn-salts above deserfbed. 

Molybdate of Sirotifitnu is obtained in well developed square pyrnmidii by 
fusing together 1 pt. molybdate of wslium, 2 ptif. ehloride of slroutiuiii and 2 pt«, 
common salt. (Scnultze.) 

Molybdate of Zine, /n "MoO\ is obf.'iined by fusing 2 pts, molybdate of sodium 
with 3 pts. chloride of zinc a!id 6 pts. eornmoii salt, in white needles, with a tinge of 
yellow, appearing under the iiiicroBCopc* as square prisms, also e:xhil»iflng th« combi- 
nation P . rP; fusible without decomposition before the blowpipe. (Hchultze.) 

MO&YBX>SI0^TrM, OXTBROMZBSS OF. MolyMous Oxyhnmidt, irfo'IlHO, 

ie produced by heating rnolybdous bromide with dilute solutions of caustic alkalis; 
when treate<l with hydrochloric^ hydriodic and hydrobnjmic acid, it yields molybdou* 
chlorobromide, &c. (Plomst rand, see p. 1029.) . 

Permolyhdic Oxyhromide, Mo^'IJr^CP, is produced by passing brrmhic vajM^r over 
the heated dioxide, or by fusing molybdic trioxide with lK»ric or phosphoric anlUpdride, 
%nd heating the pulverised mass with bromide of potassium: 

MoO» ^ B*p* + 2KBr « 2KBO» -t- MoBriO* 

When quickly sublimfd, indistinct crystalline scales; by slow sublimation, 

more fmly developed crystalline plates. It has a yellowish-red coJouf and fiitty lustre^ 
deliquesces in the air, and forms a colourless solution with water. (Blomstrand*^ 

MO&mmVMf oaLTCSXOmZBBB of. Molybdout Oxychhrim^ 

Is produced in the same manner as the coireijKroding o»bfomtde, and 
reacts in a similar manner with hydrochloric acid, &c. >^Bfomatrand| p. 1039,) 

Permolybdic Osychlortdei. a. Mo*<CPO^ or 2Mo(P.—l>iacover6d hf 
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Berzelius, first correctly analysed by H. Rose (Pogg. Ann. xl. 399). It is pranced 
in the amorphous state, when any other chlorine-compound of molybdenum is heated 
in contact with the air, and when the same compounds are exposed to moist air, even 
at ordinary temperature's (Bloinstrand, Jahresb, 1867, p. 193). In the crystal- 
line state it is obtained by the following processes : 1. By passing chlonnc over 
the heated dioxide (Berzelius).— 2. By pouring strong sulphuric acid on a mixture 
of molybdic trioxide and potassic sulphate, evaporating the of acid in a retort as 

completely as possible, then adding chloride of sodium, and heating again, whereupon 
the oxychloride sublimes; but this process does not yield so pure a. product as the 
first (H. Rose). — 3. By repeated sublimation of the brown oxychloride (Blom- 
strand).— 4. By subliming a mixture of this brown compound and the amorphous 
modification of a (B 1 o m s t r a n d). It forms yellowish-white, delicate, crystalline scal^ 
(Berzelius); thin, translucent^ nearly square plates of pale-reddish colour, or if 
obtained by the fourth method, thicker crystals of honey-yellow colour and scarcely 
translucent (Blomstrand). Tastes sharp and astringent, with sweetish after-taste ; 
volatilises, without fusing, at a heat below redness ; and is resolved by water into 
molybdic and hydrochloric acids, both of which remain dissolved ; it is soluble also 

in alcohol. . . , i i j 

A hydrate of the preceding compound, MoCl'-'O^HH), which may also be regarded 
as a hijdrovhl orate of molyhdic trioxide, Mo0^2HCl, is obtained by passing hydrocmoric 
acid gas over the triuxide heated to — 200°, as a white crystalline, very volatile 

substance, which is resolved by heat into hydrochloric acid and trioxide of molyb- 
denum, but may be volatilised without decomposition in hydrochloric acid gas. It 
dissolves easily in water, but the solution when evapomted leaves nothing but 
molybdic trioxide (Deb ray, Ann. Ch. Pharm. cviii. 250). The permolybdic sulphate 
nitrate, &c., described at p. D)37, are perhaps analogous in constitution to the compound 
just msipllpiled, but they have not been analysed. 

j8. or 2MoCl«.MoO’*?. This is a green, ea.sily fusible oxychloride 

obtained passing chlorine over an intimate mixture of molybdic oxi<le and charcoal 
(or even rmperfectly reduced molybdenum still containing oxygen) heated by a 
common spirit-lamp. The bulky amorphous oxychloride which first forms is to be 
removed, and the stiblimate which forms when the vapour has acquired a permanent 
blood-red colour is to be collected. It is indistinctly crystallised in dark g|eeB tuft^; 
if formed at a somewhat stronger heat, in light green metallic-sliining ^ues. It 
molts and volatilises below 100°, forming a dark red-brown vapour, and is decomposed 
by water, yielding hydrochloric acid and blue oxide of molybdenunj. 
from the results of analysis, Blomstrand regards it as Mo^CP'^O” or 2(MoCP.2MoOl ) ■¥ 
Mo02.2MoO^ but observes that the analytical numbers do not differ much from those 
required by th(> simpltv formula above given. 

7 Mo'Cl>'*0' - (MoCP.MoCP).(MoO*.MoO’). This is a brown, ea.sily fu.sible sub- 
stance, produced by the action of chlorine on a mixture of charcoal and sesquioxide of 
mplybdenum (formed from the trioxide by the prolonged action of hydrogen at a red- 
heat, or by the reducing action of ,*iuc in the wet way). The latter part of the 
product is collected apart and purified by fractional sublimation in an atmosphere of 
hydrogen. Wlien very slowly sublimed, it forms large browm or black-brown crystals. 
(Blomstrand.) 

5. Mo-CPO^ - MoClMVloOl Produced, though only occasionally and in sm^ 
qnanfitv, bv the action of chlorine at a moderate heat on a mixture of molybdic oxide 
and charcoal, jujcorapanying the green oxychlDride 3, which is formed towards the latter 
pai't of the process. It may be. freed fronythe latter, and from any other compounds that 
may be present, by its inferior volatility. , It forms well-defined prismatic crystals of a 
dark violet colour by reflected, ruby-red by tvansmitt^^ light; it yolatilises with 
difficulty, but without previous fusion. Water first dissolves it with slight nse of 
f temperature, and then throws down a white precipitate, soluble in^a larger quantity of 

MO&TnDBWtJM, PB08FBZBB OF. Mo’F.— A 1 pt. yellow tii* 

oxide of molybdenum containing phosphoric acid, and phosphoric acid 

containing lime, is exposed for an hour in a charcoal 

strong coke fij^iwh®roby a grey blistered mass i.s formed^i^iiiit|ng of small mctalJic- 
sbining crystaUf^bf phosphide of molybdenum, mixed wifncilCic phosphate, and haviiig 
iU cavities lined with the same crystals. ^ 

" Phosphide of molybdenum forms a powder of specific gravity 8*167* The crystals 
conduct electricity.. It is very difficult to fuse ; oxidises gradymlly i» the afr without 
burning, but with incandcsconco on melting nitre. By hot nitric acid it is convert^ 
into phosphoric and molybdip acids, and dis-'^olved. hen gently hcffted in chlcnnt 
gas, it is converted, withoni visible eombustion, into chloride of inolyMenum and 


I 
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chloride of phoaphorns. In contact with tine it elimiimtos hydrogen 

acid, and on addition of a copjter-^saH, mlucva copper on ita surfoce. (W6hler and 

Rautenberg, Ann. Ch. Phnrm. cix. 374.) 

MOKTSSawom, 8UX.»H1»B8 op. MolylHicnum unit™ with sulphur in 
thri-o proportions, forming the compounds M<'S‘. MoS’, iind Moh . The Inst, two 

are aulpht^acids. Our knowledge of those sulptndos and their suits is iilmost wholly 

duo to the researches of Ser/.olius. 

BlsnlpUd* «r Kolybdlo Sulphide. MoS'.-Tliis comiw.ind occurs native as 
mvbdeniU {MolybdSxglanz. geiiorally in "f''dlo-laininsr masses more 

rarely in tahularVtals, osP . oP; heloiiginp to the l.exagomi system, cl;^^ de 
oaraM to oP. Hardness .. 1 to PS; easily impressed hy lint nail. Smuflo 

™vilv = 4-44 to 4'8. The mtnenil has a strong metallic lustre and pure lead-grey 

folour ; streak similar, but slightly inclined to gnum ; ^ a grey traee on papi% 

and a greenish tnu-e on jwroelaiu. It is oisuiue, secUle, and almost malleable, lamililB 

hifichlv flexible and elaKlic. ... > i • «• .. Cs...wl I'n 

Molybdenite \h of frequent oeeurnMice in pnraitivo roekn, being soinetmu M found in 
mctnUlferous veins, espoeially of inngiu-tic irt.a ore and tm orew. It is fmind in 
Cornwall, at Caldbeck I-Ml in Cuiub(>rland, m Saxony, Hobeinia, Swtdeii, Norway, 
and (Ireenlaiul, and at mmurous loealitie.s in the Unitinl Slates. It J 

pure, but aevording to Svanberg and Struve, ^(uuTally contains a sniuU quantity of 
phosphoric acid (or phosphorus), a fact which must be borne in mind when the 
mineral is used for the preparation of molylnlato of ainmoninm. 

Disulphide of molybdenum is produced artittcially by heating either of tlie 
sulphided, also by igniting the trioxide with sulphur, iho arlihcial bulphide is a black 

**^"The^dm*ulpliM heated in closed vcssoIb, .sustains a high 

or undergoing any change, and according to If. Ifose, is m deeompw^ on in 

dry hydiyigei^gas^ When lieated in the air, it is converted into molybdie iinhydnde, 

with ivolution^of sulphurous anhydride. Before the blowpii.e on c^ntyoai it given 

off sulphurous anhydride, covcTing the charcoal with a yellowish-wliilc 

but d h^ with great difficulty, and the combustion is but imp. r feet. 

wire it eokJnrs thb^outer blowpipe flame green. It colours a bead of Wfwr^mixed 

with n/fre; dark brown in the inner flame, and light brown in the outer. 

It d. composes vapour of waUr at a red heat slightly, hut at a liigdior temperatnro 
with crenter fh^ility. h detonates with nitre, forming a molvlidHtc ot p.MiiNsiuin , «iis- 
solv. s^readilv in warm nitromuriatic acid, producing niolyb.lic and ''1 

easily oxidised by nitnr acid ; dissolves in Unling oil of vitriol Mitli e\olution of 
anhydride, and forms a blue solution. 

TrUnlphlde. Sutphnnwh/Mic naV/. M 0 .S’.- Thin compmitvl the nimloijtie of 
the trioxi.lc, in formed by de.ompoeii.g that compouml ''■''A eid 

(O hv iwaaing the paa into a eonceiil rated aolution of an alkaline molybdate ^ 

priciJtiling with an acid; or (2) hy adding .ulphide of to U.o 

and tbn hydroehloric acid, both in exeeaa. The whole of the molybdenum 1» thm 
precipitateef as triaulphide, which Heltlea down quickly, and i.Mial, he rapidly on 

a filt.fr with water containing milphydri.- and hydnichlorie aoida 1-0 prevent oxidijtion. 
Aatbua obtained it ia a black-hrown rwwdor winch makes a dark lirijwn Htreak on 
ttorcelttin. When heated it gives off sulphur, and is convert. <1 inlci the .hsulphid.). It 
dissolves but not readily, in caustic alkalis, more easily at the wiling heat, under- 
going partial decomposition at the same time. H la moat easily dissolved hy 

a.oAMphydratts. forming sulphnr-salU called sulpliomoly Vdates , 

%£l'^uTptom^b'i*‘i»tr^^ of the molylxlates mistt of them 

Ifertona of Ifiolvl^b-*; “><’ insoluble salts by prectpiUting a 

neitiral oivpcn-sid^^llwS™ sulpbomolylidale. 

SS^MUtral sulphomolybilates have a fine Hrf^llourwhen ptti^ 
tow^/if Hoy contain a small quantity of inofi 5 an cxc-ws jd 
change to biwli, no^er, y -onstant odoor of sfilphydnc Mid. 
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with evolution of Bulphydric acid and precipitation of molybdic trkulphide, W/ien 
heated to r^neas, they yield molybdous sulphide and a disulphide of the base, or give 
off 1 at. sulphur. 

8ulphomolyhdate of Ammonium, separi^s from a concentrated 

aqueous solution mixed with alcohol in cinnabar-coloured scales, becoining dark brown 
on exposure to the air. The aqueous solution, if left to evaporatjj^yields at the 
ed^es a number of crystals which are green by reflected light, wh^e in the middle it 
dries up to a black amorphous mass. The salt is sparingly soluble in alcohol. 

Bodenstatt (J. pr. Chem. Ixxviii. 186; Jahresb. 1859, p. 168V by passing sulphy- 
dric acid gas to supersaturation into a solution of impure mol^^c acid in hydro- 
chloric acid, mixed with a large quantity of sal-ammoniac and prenously supersaturated 
with ammonia, obtained deep red crystals of a sulphoxynwlyhdate, (NII^)*MoO'*S* 

Sutphomolybdates of Barium. — The neutral salt, Ba"MoS\ is obtained, as a* 
dark red amorphous mass, from the mother-liquor of the following salt. The tristd- 
•phomolyhdate, Ba"S.3MoS* or Ba"MoS*.2MaS*, is obtained by boiling sulphide of 
barium with an excess of molybdic trisulphide, and separates from the hot filtrate on 
cooling, in small yellow shining crystals, which, when laid on paper, crumble to a 
shining powder of the same colour. They give off water, and turn red when heated, 
and are decomposed by dilute, but not by concentrated hydrochloric acid. 

The cadmium-salt is a dark brown precipitate insoluble in water. 

An acid calcium-salt, probably Ca"MoS^.2MoS*, is obUvined like the correspond- 
ing barium-salt, and crystallises in short, shining, vermillion-eoloured, needle-shaped 
crystals, permanent in air even at 100® ; hydrochloric acid blackens them by separating 
the sulphide of molybdenum. The mother-liquor of this salt, when evaporated, leaves 
the neutral calcium-salt in the form of a dark red varnish. 

Cerous sulphomolybdateis a dark grey precipitate. On adding an alkaline 
Bulphomolybdate to the solution of a ceric salt, only a slight precipitate is formed, but 
ammonia throws do^^m from the resulting yellow solution a basic salt in the form of a 
brown gummy mass. 

The chromic salt is a dark brown precipitate, which turns green in drying. The 
cobalt- and copper-salts, are dark* brown precipitates, the former soluble in sulphide 
ofmfcMsium. ^ 

The gold- salt {auric') is soluble in water, whence it separates after some time as a 
dark brown powder, becoming black when dry. 

Iron-salts. — The ferrous salt is soluble in water, forming a wine-red solution, 
which becomes darker and nearly black on exposure tt) the air ; when evaporated in a 
shallow vessel, together with sulphomolybdate of potassium, it ultimately separates 
from the latter as a black jelly, which, as w'oll as the dilute solution, deposits a pale 
red-yellow powder by 8[X)ntaneous evajwration. The ferric salt is a dark red precipi- 
tate wliich dissolves, with black colom*, in excess of sulphide of potassium, but gener- 
ally separates again after 24 liours. When dry it is black and yields a brown pow'der. 

The lead-salt is a black precipitate, which when diy, forms a lead-grey, raetaUic- 
shining streak on paper. 

Magnesium- salts, — By boiling molybdic trisulphide with sulphydrate of magne- 
sium, and cooling, a dark brown powder isobtainc*d, consisting of an acid sulphomolyh- 
date of magnesium. The supernatant liquid contains the neutral-salt and dries up to 
a dark red varnish. 

Manganese- salt 8 . — By digesting sidphide of manganese in excess with molybdic 
tjnsulphide, a brownish-yellow liquid m obtained, which dries up to a transparent 
varnish. Ammonia throws down fi»m the solution a red basic salt, which is decomposed 
by a larger quantity of ammonia. Sulphide of manganese digested with exc(«»s of 
molybdic trisulphide forms an insoluble compound. 

Mercury-salts. — Mercurous sulphomolybdate is a nearly black, the mercuric salt 
a light brown precipitate. The nickel-salt resembles the col^Usalt. The platin%m- 
$alt is a dark brown precipitate, black after drying. 

Potassium-sa Us . — a. The neutral salt, K*MoS*, is produced by heati ng a mixture of 
potassic carbonate, sulphur, charcoal powder and excess of molybdic trisulphide in a era* 
cible, gently at firsV afterwards veiw strongly. The black unfosed massyiel^ with water, 
after cooling, a dark red opaque solution. A similar solution is obtain^ ^.saturating a 
solution of potassic molybdate with sulphydric add. When evapoaiilliil a 4^ndrical 
vessel at 40®, it yields four and six-sid^ prisms, with dihedral wliich are 

dark red by transmitted, but of a fine dark gi^n colour by and yield a 

dmrk red powder, becoming green ai^ shining by pressnre. AJeo^ a^ed to the 
red aqueous solution, throws down a dncabar-coloured powder, and the mixed 
liquid deposits scales of the same colour which acquire a green metallic lustre ^ 
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dn'ing. The salt heated in an atmosphere of hydpog<m is only partially decomposed 
into disulphide of potassium and n^olybdous sulphide, — 3. Another salt oontaini^ a 
larger proportion of molybdic trisulphide, is precipitatc<l ns a brown-yrflow powder, 
when the solution of the neutral salt is mixini with a quantity of acetic acid sutRcieni 
to give it an acid rea<Jtion. It is black after drying, and dissolves easily in boiling, 
slowly in coldfeimter, forming a yellow solution. A solution of the neutral salt, mixed 
M'ith a small quantity of any other acid, bet'omcs darker, in const>qu<*nc<' of the formation 
of this compound, but does not yield a precipitate. 

A compound of ivlphortudyodate and nitrate of fwiaseium is obtained when a 
solution of equal parts of the two salts is left to evanorato. It tlnm separates in 
green inotallic-shining scales, very much lik»‘ sulphomoiybdal^' of jHitassium, which 
bum away like gunpowder w'heii In-atod. 

The silver-salt resembles the lead-salt in colour and streak. 

i^odium-salt8.~-l\\v neutral salt forms .small dark r.'.l granular crystals, much 
more soluble in alcoliol than the potissium-salt. It is almost complefa'ly redtice.! by 
ignition in hydrogen gJis, There is also an atdd sulphoniolylxlate of sodium, mut'h 
loss soluble than the neutral salt, and roMmildiug lh«‘ ts)rr<^sponding |s^taHsium-HaU in 
all its properties. 

The s trout i u m -salts re.semblo the barium-salts. 

The uranium- and salts are dark brjwn precipitates; the s tan noun 

salt is a bhick precipitate ; the salt, a translucent brown precipitate beconung 

grey-brown wlion dry. 

Tetraaulplilde of Molybdenum. 1\ rsuhdiomolphdio acid, MoSl- This sulphide 
is thrown down by hydrochloric acid from the Hulutions of alkaline perHulfdiomolybdatoH, 
as a floceubmt translucent precipitate of a fine dark red coluur, Nhrinking tugellu-r when 
dry, into a coarse-grained niass, }x)ssfSHing a dark green metallic Iqfitre, and yieldiug a 
dark red jxjwder w’hen triturated with W'ater. It is iiisolubh' in Vnter and in aoids. 
When heat<Kl in a iv tort, it gives off water and a small quantity of sulphurous 
anhydride, then n large quantity of sulj)liur, and Ienvc.s disulidiide of niolylxlennm. 

Versulphomolybdat es. Tetnumlphide^ofonolybilcmiin unities with Ixisic metallic, 
sulphides, forming salts repivsent<‘d by the formula lmMoS< « n*Mo8*. Most of 
tli<*m are dark nxl and retain their colour unalfertxl when dry. 'I he pcr8ulph0fl||^yi>-' 
datOH of the alkali-iuetals are soliildo in water, and their wjhitions yield with ftcMs a 

juveipitato nf inolyVnlie tetrasulphhle. 

The ammonium-salt is obtained by dnmehinj^ moist molylxbc tet nisulphide with 
siilphydrate of ammonium, to whi.-h a little caustic Hmim»nia may be advantageously 
luUUxl. A yellow powder is then formed, whieli become.s dark red when dry, m 
insoluble in alkaline liquids, sparingly soluble in cold, easily in hot w'aler. 

Barium-sal t.~-\i\\oyi or red precipitate, iiisoluble in water, and not d.>comj)OHed 
by dilute liydrocliloric a(‘id. Tlie ca le i um -salt is precipit.’ited after some time by 
alc*ohol from a mixture of thq,iK)t}is.sinm'Salt w'itli chloride of calcium, as a cinnabar- 
coloured powder slightly soluble in water. . ..... 

The copper -salt is a precipitate dark coloured at first, but becoming r(*d jnciining 
to brown after it is collect^. The e, old- salt (auric) is a brown procipitafe which 
turns yellow and docomjX)scH in drying, and when h<\'ifcd in contact with the air, IniniH, 
gives off sulphurous anhydride, assumes a goldeii-yellow' colour, and when very strongly 
heated, yields a sublimate of niolylslic trioxide. 

/ren-sa/f.— Red precipitate formed on adding the potassiura-salt to an exciiss of 
a ferrous salt. 

The lithium-salt resembles the potassium-salt. The magnesium-salt is an 
insoluble red precipitate.— The mercurous salt is a dark almost brown prcciintate. 

Pota$»ium-talts.—mien »iilph(miolyV.<la»c of lyrtwaiium i» boiloa'willi molyUllc 
triwdphide (such a mixture is obtained by decomposing m acid niolylKlato of 
mtmum with Bulphydric add), the boiling being eontuincd for eetend hf«ir« in a r^. 

qnantity oWphydric add ia gi«n off with the watery ra^ and » ~P><r 
oStite ia formed On coftwtiog the nredpitote after cpiAng on a «lt«- ,ai^ 
l^h^tjntbewaah-walergi»oa i^dark red flocculent pnwpitate with 
adih^dueia obtained from whi* water extraeta pcraulphomolyhdat* of p^aai^ 
of molyhdennm behind. The reaulting aoluUon 
on eraporatioB in the form of a red maaa, 
o#m 'wtrad. On tme occadon, however, Beradina obaeryed tho^ylt 
fapS»-oiled miituro on in amaU niby-colonr^ 

SanSETwhi^coirfd be aeparated from th«**eat of the preapifatjs by levigrtlim, 
appeared uniler the microaeope aa tranavefB^ atriated rectang^ acalei ; war. 
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insoluble in cold water, hydrochloric acid, and potash, but soluble in hot water. At 
a low red heat, they decrepitated, gave off watery a small quantity of sulphur, and 
sulphydric acid, after which water extracted sulphide of potassium frop them, leaving 
disulphide of molybdenum. ' 

When a dilute solution of sulphomolybdate of potassium contaij|||^g an excess 
of molydic trisulphide is exposed to a heat of 60^ — 80®, it,becom& turbid and 
gradually yields a lighter coloured deposit of persulphomolybdate of potassium, which, 
after drying, forms a yellow coherent mass consisting of small crystalline particles 
having a silky lustre^ The same mass is obtained by drenching molvbdic tctra- 
sulphide with sulphydrate of potassium. It is insoluble in cold, but soluble in hot 
water. 

Persulphomolybdate of silver is a dark brown precipitate, black when 
collected. 

The sodium* and strontium-salts resemble the potassium- and barium-salts 
respectively. 

Tin-salts. — The stannous salt is obtained from stannous chloride by double 
decomposition, as a dark brown precipitate. If the mixture be left for several days in 
an open vessel, the stannic salt is formed and the supernatant liquid becomes red.— 
The stannic salt is only partially precipitated, the rest remaining dissolved with the 
same colour. 


MOXtyBDIir. Syn.^with molybdic ochre, or native trioxide of molybdenum. 

BXOMOBBZCA. According to Lepine (J. Pharra. [3] xl. 16), Momordica 
charantia yields a solid fat melting at 65®.— On the amount of elaterin contained in 
the fruit of Mortwrdica Materium at different seasons, see Walz (N. Jahrb. Pharm. 
xi. 21). 

MOMOBBZCZir. Syn. with Elatbrin (ii. 373). 

AKOIsrABDAf OZZi OF. The essential oil of an American Labiate plant, the 
Monarda punctata. It easiljyr separates into a liquid oil and a camphor. The oil or 
essence is a yellowish-red liqui^ having an odour of thyme, becoming light yellow 
after rectification with water, boiling at 224°, and easily rcsinising by oxidation. The 
camphor or stearoptene, when purified by pressure and distillation, forms shining crys- 
tals, melting at 48° and solidifying ^ain at 38°. Its composition, according to Arppe’s 
analysis, is C'®II‘^0 ; that of the oil separated from the stearoptene appears to be 
The crystals absorb 2 or 3 per cent, hydrochloric acid gas. (Arppe, 
Ann. Cm Pharm. Iviii. 41 ; Handw. d. Chem. v. 377.) 


MOBTAZITB. Edwardsite^ Mengite., Ereniite. — A phosphate of cerium and lan- 
thanum, also containing thorinum according to some authorities, occurring in raonoclinic 
prisms, usually small and flattened. Ratio of axes, a: h . c : = 1-0265 : 1 : 0 94715. 
Angle of h and c = 76° 14'. Observed planes, doPoo , [ ooPoo ], + Poo , —Poo , + P, 
— P, ooP, [ qoP 2], and others. Cleavage basal, very distinct and brilliant. Hardness 
B 5 to 5 5. Specific gravity <» 4’9 to 5*26. The crystals have a brownish-red, 
hyacinth-red, or yellowish-brown colour, and resinous lustre ; they are substransparent 
to subtranslucent and rather brittle. The mineral is infusible before the blowpipe ; 
dissolves slowly in borax, forming a bead which is yellowish-green or yellowish-red 
while hot, colourless when cold. 

Analysis. — a. From Slatoust in the Ural; Brooke’s Mengite (Kersten, Pogg. Ann. 
xlvii. 385). — b. The same (Hermann, pr. Chem. xxxiii. 90).— c. Rio Chico, 
Antioquia, in New Granada : ^ 


I'-O'. 

ThO. 

Cep. 

LaO. 

* iCsiO. 

MgO. 

MnO. 

SnO>. 


28-50 

17-95 

24-78 

23-40 

'll 68 

1-86 

2-10 = 

100-27* 

28-05 

• , 

37-36 

27-41 

1-46 

0-80 

, . 

1-75 « 

96-83 

29-1 



24-6 


• V. 


. . » 

100-00 


The presence of t^Onnui^l in monazite has been ooiiil|iiiil^ by Berzelius and Wohler. 
Hermann, on the M^trary, deques it, and is of opinloillhat a basic sulphate of cerium 
formed in the anai]|E|p has mistaken for ciulpk^ of thorinum. The analytical 
results may be rej^pbuted .by &e formula (Qe; or (C’e ; La ; ; but 

new analyses are reqnir^ to flx^he formula with ceita|nty. 

Monazite was firstoblhined from Slatoust. ocpuxa idso at Noirwidli^Ki|S^^~ 
town in Connecticut ; Yorktown, County, Yoyk; 

Mountain, North Carolina. 'i" '■ ■ 

MOirASZTOziD. The namej|tt|i7 Hermann^’^ 
variety of monazite from the Ural^WP^sbed by its brown 

• With traceeWi^k acM poCatb. 
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gravity (=« 6*281), and by the presence of tAntalntn. Hermann found in it 17*94 pef 
cent F*0^ 49*86 CeO, 21 30 LaO, I 60 CaO, 1*36 H*0, and 6*27 TaO*. It gives off 
u small quantify of cHbiri no when treated with hydrochloric acid, and dissolves, leaving 
a considt'rablOiJellow rosidue. 

■' ..... 

MOKS8XV. A cort!jx^un<l resembling .saponin, contained in an extraetivo sulwtance 

called Afonwa, which appears to be obtained from the bark of Chn/sophf^luvi gtyey'‘ 
phisum^ a Brazilian plant of the sajxjtaccous onler. (Desrone, Henry and Pay on, 
Ann. Ch. Pharm. wutvii. 362.) 

MOITBSZIICXTB. Syn. with Kapnite (p. 445). 

MOiro^OOMPOinNllS. .This term is applieil to comixninds containing I at. of 
the element specifietl, e. C*lP(’lO*, oioitiH'hloruci iic dvitHf C^HMP.N, vionophcnyl- 
• amine, &:c. 


MOBOraABB. Syn. with Epistiuhtk (ii. 491). 

MOBOTROPA. Aoeonling U» K L. Winckler (N. Jalirb. Pharm. viii. 322), the 
herb of Monotropa hr/popiti/ff, gathered when the ttow'ers are almost tully expanded, 
yields by distillation with water, a volatilt* oil identical with that of GaulOuTiaprocum- 
bens (ii. 825). The ri'sidue of tlie <li.stiIlal,ion contaiiusl an acid. 

MOmiAOXTB. A magm'sio-forrons silicate from Bi rgi’ii in Norway, wbcro it 
occurs massive granular; also foliated, with one di.stinct and another imperfeet cleavugo 
inclined at 130^. Hardness - 6 nearly. SiK>citic gravity w 3-2()73. It has a pale 
yellow colour inclining to red, and a strong vilreous Iustrt‘. Contains i)0'17 per cent, 
silica, 31*63 magnesia, 8 56 ferrou.s oxide, and 1*1)1 water ( - U)t)*40, agreeing nearly 
with ’the formula 4(!^Mg.}Fe/'Si0Ml‘0. (Erdmauu, K. Vut. Acad. Handl. 1842; 
Dana, ii. 280.) 

IMCOBROXiXTB. Syn. with Kyanite (p. 449). 

MOXTTAXSrXJfB. An alkaloid sai<l by Van Mods to exist in China Montana, the 
bark of Exostemma fioribundnm. Winckler mms not aide to finil it. 

MOXTTXCBlbXiXTB. A variety of chry.soliio (i. 958). 

MOBTAXORZXtZiOlVXTB. A rose-red, fragile, argillaceous substance found at 
IVIontmorillon near C.mfolens in ('liaroutc, and near St. Jean do (\dle in Donlogno. 
Contains 5004 percent, silica, 2010 alumina, ()T>8 f.-rric oxide, 1*46 lime, 0‘23 mag- 
nesia, 1*27 potash, and 26 0 water. (Dam our, Bull. Soc. gcol. do France [2] iv. 464.) 

MOOXrSTOXaTB, A variety of translucent felspar from Ceylon. (See Fki-spah, 


ii. 620.) 

MORBAXSTTS. See Dykino (ii. 352). 

IMCORDBBXTB. A fibrons //‘olito fmin the trap of tlio Bay of Fundy, Nova Scotia, 
the name being derived from Mow^eji, a viJlago near whieli it is found. It occurs in 
small concretions or geodes of wliite, yeUowish or pinkish colour, and strong silky 
lustre* weathering dull ; cleaves readily in directions parallel txi the llbrcs ; i« translu- 
cent on the edges. Hardness a little al>ovc 6. Specific gravity - 2*08. Ilatlier 
brittle Bei ore the blowpipe it fuses at a strong heat to a glassy bead, without intii- 
me.scence *, with liydrochloric acid it does not gelatinise l)ut yields slimy silica. Contains 
(mean of analyses) 68 40 per cent, silica 1277 alumina 

water ( = 100), agreeing very nearly with the formula, (^Na.j^Ca )O.Al O -^SiO .611 0, 
which U reducible to tLt of a motasilicate, 6P(IP)'‘H-SWMPO. (How, Chm. Soc. 
J. xvii. 104.) . 

MORZe ACZB, Aforin. (R. Wagn|r, J. pr. Chem 11. 82 ; Hlam wetz and 
Pfaundlcr ibid, xc, 445.)— An acid cxi»t4^ in okl fustic {Moms (tnrtorui), mid de- 
THwitfsl aa a calcium-salb together with morintannic acid, from an infuMum of the wood 
mTcoolintr To extract it thd (sometimes called ywonftjistreab^ ^J’*^*’**^^ times 

^"rbom^np ,0 li<,«or i, diluted with .1* it, bulk of wut^, 

Twh r.^iritates the moral^ ¥ «alciura in the form of a yoltow CiyaUlhne jsiwder, 
while the whole of the morintanhio acid remains diifldtired. Th^Jfcium-siilt is then 
disTOlvad in boiling alcohol, the ^lim orecioitated a^^d the moric acid 





pmStef. 

ia 





iweU and 

water and dleeoltf 
of hot water, d 
yvaiAtA 


treat the deposit abov 


ihentioned twice with. 
oWn a solotiiB of morintannic acid 
acid and nitrate of calcium. TOb 
rid acid (to deeompoae the eakinm* 
alcohol The filtrate miaed with 
4^ greater part of the moria add 
iotion in weak alcohol (ndng filtan 
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free from lime and iron), and formation of a Bmall quantity of lead- sulphide in the 
solution, to carry down resinous matters. 

Moric acid is a white crystalline powder, which ^adually turns yellow in contact with 
the air. According to Hlasiwetz and Pfaundler, it crystallises in needles several lines 
long, mostly grouped in tufts. It is very sparingly soluble in water, requiring 4000 
pts. at 20® and 1060 pts. at 100® to dissolve it ; very soluble in alcohol and in ether 
(Wagner)', sparingly soluble in ether, insoluble in sulphide of carbon (Hlasiwetz 
and Pfaundler). The solutions have a deep yellow colour, and slight acid reaction. 
Dried at 120®, it contains, according to Wagner, 66’2 per cent carbon, and 3 -2 hydro- 
gen, numbers which may be represented by the formula This compo- 

sition differs but little from that of morintannic acid; indeed Delffs (Zeitschr. Chein. 
Pharm. 1862, p. 143) concludes, from his own experiments, that Wagner’s moric acid 
is nothing but morintannic acid contaminated with colouring matter. On the other 
hand, Wagner (Ohem. Centr. 1862, p. 399) still maintains the distinctness of moric 
from morintannic acid, inasmuch as the former is colourless, much less soluble in water 
than the latter, and reacts differently with alkalis. The difference between the two 
acids is further established by the experiments of Hlasiwetz and Pfaundler. 

Moric acid bears a rather high temperature without decomposing. At 300® it 
blackens and gives off a considerable quantity of carbonic anhydride, together with a 
yellow oil which partly concretes on cooling, and consists of a mixture of nhenol and 
oxyphenic acid (pyrocatechin). It dissolves in weak acids without coloration; in 
strong sxdphuric acid with brown-yellow colour, and is precipitated by water in its 
original state. The sulphuric acid solution decomposes when heated, giAung off sul- 
phurous anhydride and phenol. Strong nitric acid converts moric acid into oxy picric 
acid. With caustic alkalis and their carbonates, moric acid form solutions of a fine 
yellow colour : paper impregnated with it allbrds a delicate test for free alkalis. The 
solution does not precipitate gelatin, but it stains animal skin yellow. Ferric chloride 
colours the solution garnet-red (AV ague r), deep oli ve-grcfii (II 1 a s i w e tz and Pf a u n d- 
ler). A solution of moric acid boiled with cupric sulphate or acetate, after addition of 
potash, yields a precipitate of cuprous oxide. From an ammoniaciil solution of silver- 
nitrate, it immediately reduces metallic silver. 

Morale of Barium is produced by boiling the acid with recently precipitated car- 
bonate of barium ; the resulting solution when evaporated yields the salt in tlio form 
of a red-brown powder, apparently containing 3C'"H‘*BaO®.C”*H‘n)MPO. The cal- 
cium-salt exists ready formed in fustic, and is deposited from its alcoholic solution in 
sulphur-yellow ciy^stals which apparently contain C'"H'’CaO”.Il‘0, and give off their 
water at 100®. (Wagner.) 

]IZORXir3>Z2r. A substance obtaiiuKi by A nderson (Ed Phil. Trans, xvi. [6] 
436; Ann. Ch. Pharm. Ixxi. 216) from the root of Morinda ci trifolia, the “Al” root of 
the Hindoos, frequently used as a dye-stuff in the Madras Presidency. When this 
root is exhausted wdth boiling alcohol, the first decoctions deposit brown Hocks of 
morindin contaminated with a red colouring matter, but the last portions yield it in 
small radiated yellow crystals. The whole is purified by repeated crystallisation from 
dilute alcohol slightly acidulated with hydrochloric acid. 

Morindin forms crystals having a fine yellow colour and satin lustre. It is spar- 
ingly soluble in cold, more soluble in boiling alcohol, especially when dilute ; in abso- 
lute alcohol it is less soluble, and quite insoluble in ether. Cold water dissolves it but 
sparingly, sufficiently however to acquire a yellow colour; boiling water dissolves it 

.til o nrfkl uf in mi Cl mnuu rlnctitiit’ci fif /irv'uf nl linn af-rimf'iirft 


C, 4*9 H, and 39 6 0). Rochleder reg^ds it as identical witb the ruberythric acid 
(64-6 C, 6*2 H, 40*3 0), which he obtained from madder. 

Morindin dissolves in alkalis, forming orange-red solutions. Strong sulphuric add 
colours it deep purple, or violet in thin layers; the solution, if diluted with water after 
24 hours, deposits yellow flocks of unaltered substance, quite insoluble in cold water, 
and forming with ammonia, not an orange-red, but a violet solution. 

Bitric add of specific gravity 1*38 dissolves morindin slowly in the cold, acquiring 
a deep red colour; on heating the liquid, a brisk reaction takes |»la^; the ^hiHon 
boil^with nitric acid and neutralised with ammonia does not pr^'pirai^ oalciiim-saJj*^ 

Basic acetate of lead precipitates morindin in crimson fiocks, t<mich are 
stable and caunqt be washed without loss of flouring matter. Solutions of harnSt, 
and form bulky precipitates sparingly soluble in water. 

Ferric Moride produces a brown coloration, but no precipitate. An amrooniaeal 
solution of morindin forms with alum a reddish liquid, aud chtdfute a |wt>- 

dpitate having’ the colour of ferric oxide. 

M^ndin heated in a close vessel melts and boile, giying ofiTorange-colom^viqiounf, 

■ 
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which condense in long slender yellowish-red needles of alizarin (Anderson’s 

fnorindon^'), . . . . • 

When powdered morinda-root is boiled with moderately dilute sulphuric acid, as m 
the ordinary garancin process, its moriudiu is converted into alizarin ; but the large 
quantity of brown matter produced at the same time, greatly aiminislh s the value of 
the dye-stulF obtained, as it renders tlie eoloiii*s dull and the wiiitcs ditlieult to clear. 
The “ A1 ” root is therefore never likely to compete .successfully viih inaddcr, at least 
in Europe; nevertheless it attbi-ds the best known source of j>ure alizarin, this sub- 
stances when prepared from it, being qiiito free from purpurin, whicli, as is well known, 
is very difficult to separate completely from the alizurin piaparcd from ordinary 
madder. (Stonhouse, Cheih. Soc. J. xvii. 331.) 

MORXN'BOM’fi. See the last article. 

MORXirOXC ACXB. C'‘’*ll‘'’0*.—An oily acid, homologous with ()]eie acid, 
obtained, together with st('aric, palmitic and henie acid.s, by tlie .sapuniihMtiun ot oil of 
ben {Moringa apUra). It is colourless or faintly yellow, has a liensity of ()'i)()8, tt 
mawkish taste, whicli irritates the liiroat, and a faint od.»<ir. It n*dd('us litmus paper; 
is very soluble in common ah'oliol, even in the cold; soliddii's at tlie Irec/iiig jKiint of 
water; is decomposed by heating with sulphuric acid. WaltrT found in it "n’O per 
cent, carbon, and 11-7 hydrogen, tlie above formula requiring 710 0, 1T8 II, and 
13’3 0. {(Tn'hardt's Trutle de Clihn. org. ii. 882.) 

MORXWTAlfWXC ACIB. Mudurin. (U. Wagiu^r, J. pr. (Miem. 

li 82. Hlasiwetz and Pfaundler,/W. xc. \ \5 ; .lahresb. IH()3, p. f/.J I.)— A vari<1y 
of taiinie acid which constitutes the cliief colouring matter of old fiislie {Morns tindorin, 
or aecordim^ to Hlasiwetz and IMaundler, Madura (indurw). It forms a lai-ge i)orlion 
of the depo'sits found in the iiiteri»>r of faggots of that wood, and may bo obliti«»od by 
treating these deposits with boiling water and leaving the extract to cool. I he acid is 
then deposited in the form of powder and muy be purified by erystnliising it several 
times from pure, water, and dissolving the crystalline deposit in wat<*r sliglitly aeidulated 
with hydrochloric acid, to separate a resinous substance, and filtering the solution w'heii 

it is no longer turbid. (AVagner.) . , „ • w/* i • ii 

A sirongly roneentrated aqueous deeoi-tlon of fu.stic left to itself for some days yields 
an abundant crystalline deposit, wliieli when pressed and twice boiled with water 
yields a residue consisting of crude luorie acid and morate t.f ealcMiiu, and a solution of 
inorinbinnie Ucid, which deposits a iH>rt ioii of the aei<l on evaporation, thi^ rest on addi- 
tion of hydrochloric acid. It, may be frerd from resinouH imiainlu-s fust by • 

lisation tVom water acidulated with hydrochloric ae.d, and finally hv adding to Urn 
solution a small quantity of acetate of lead, ami precipitating with siilphydric acid m 
presmice of free acetic acid. (11 lasiwet z and Ptaundler.) 

^ Morintannic acid is dciwsited from its solution as a light yidlow crystallino powder, 
composed of microscopic prisms. It dissolves in 04 pis. of cohl, and 2*14 ^ ^ 

r, the solution having a slight acid react, ion, and sweet ish asl ri ‘ ^ ^ , n Vld 

in alcohol, wood-spirit, and ether; but is insoluble in oil of turpentine an m fixed 
oils. The ethereal solution is greenish by refi«‘CttKi and brown by transirutled light 

^'rhreomUition of tnoriutonnic acid is sl.own by tUc following analyses «nd 
calculations : 


At 13(P-.140C’. 


At 


Calculation. 


c>» 

0» 


69-64 

3-81 

36-65 


lliasiwctz .'iiiU 

rttundler. 

59-30 69-25 

4-13 4-18 

36*61 30-57 


C‘» 

Jill. 

iV 


CuicuUition. 

56*71 
4*29 
40-00 


VVaKuer, 

VU'un. 

66-17 

4-41 

40-42 

10000 


DdfTd. 

64-1 
4*4 
41 6 

foo-o 


C**H“'0* 100*00 100*00 100*00 100*00 

rcizards the compound dried at 100<^ as identical with mono acid ; but M 
Delna reg iniTt thn difference between the two acids may bo coninderod aa 

ijy Hlasiwu and Pfinndl^. 

moha at 200^^ blackens and gives off water and acid yaponn at 
T ff r^!id'‘nMffl^s”-~r''‘" decomposition at 270°, Yielding a Urge quantity of cai- 

ne, phwpbonc “ idiLu aeid. forming a yeUow totatioo 
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J a hrick-red deposit of rufimorie acid. This acid is also deposited 

^ ^orintaimic acid in boiling dilate ht/drochlork acid, 
acid, and by oxidising agents, morintannie ae/,i ia 
decomposfd, giving off the odour of phenol With ptroxule of manganese and cu - 
Piuric acid, it girJl off a large quantity of carbonic anhydride, together with formic 
acid Strong nitric acid converla it into styphnie (oxypicne) acid. Chronm acid de- 
compoBM it easily and completely. Chlonne passed into its aqueous solution throws 
down yellow resinous flocks. (Wagner.) . j . 

The acid mixed with a solution of 3 pts. hydrate of potassium and evaporated in a 
Bllyer dish till it has become pasty is resolved into phloroglucin and protoca- 
techuic acid. (Hlasiwetz iind Pfaundler): 

+ H*0 = 

Morintannie Phloro- Protocate- 

acid. glucin. chuic acid. 

Morintannates. Morintannie acid unites directly with caustic alkalis and decom 
poses the alkaline and earthy carbonates when boiled with them ; the solutions oi 
the alkaline morintannates are yellow, but quickly turn brown or black in contact with 
the air so that those salts cannot be obtained pure in the solid state. A solution of 
the acid forms a greonish precipitate with ferroso-fcrric sulphate, yellow with acetate 
of lead, brown with potassio-nntimonic tartrate, yellowish-brown with cwprw sulphate, 
yellowish-red with stannous chloride, yellow and floceulent with plat/nic chloride. It 
does not immodiatoly precipitate a solution of alum, but on adding carbonate of potas- 
sium, a yellow lake 'is thrown down. ^ . , • 4 . .1 1 T f 

A moderately concentrated solution of morintannie acid mixed at the boiling heat 
with a dilute solution of neutral lead-acetate, and quickly flltered, deposits small, yellow 
laminar crystals containing, when dried at 110°, which temperature they sustain with- 
out alt(‘ration 33*00 per cent, carbon, 2*00 hydroge n, and 45-76 load-oxide, agreeing 
with the formula winch requires 32*84 C, 2*10 H, and 46-00 

PbO (Hlasiwetz and Pfaundler). Wagner found in the load-salt dried at 100°, 
32*01 per cent, 0, 2-17 H. and 44*27 PbO, which agrees nearly with the formula 
+ fPO. 

MOROXZTE. A greenish-blue variety of apatite, found at Areiidal in Norway, 
and Pargas in i'inlaiid. 

MOROXTXiIC ACID. A volatile erystalHno acid, said by Klaproth to exist 
as a calcium-salt in the stems of the mulberry tree (d/ems uMrt). La n d erer found 
tile same calcium-salt in tlie so-called Lachrymal Mori, w'hich exude from mulberry 
stems. (Handw. d. Chem. v. 142.) 

IMCORPHETIZOTE. a product of the oxidation of morphine (p. 1052). 

IWORPHINB, or MORPHIA. C‘'H>®NO’.~Thi8 alkaloid, the m<)st important 
of the opium-bases, was known in an impure state, as Magisicriani opii, in tlio seven- 
toeiitli century ; but it was not obtained as a well-defined organic base till 1816, when 
Sertiir nor published a series of important researches upon it (Gilb. Ann. iv. 61 ; Ivii. 
192* lix. 60). It bus been further examined by llobiquet (Ann. Oh. Phys. [2] v. 275* 
li 2*32)* Pelletier and Caventou {ihid. xii. 122); Dumas and Pelletier (/wf4 
xxiv 182)* LasHaigne(/m xxv. 102) ; Dublanc {ibid, xxvii. 84); Liebig {ibid, 
advii 105* Ann. Cb. Pharm. xxvi. 41); Merck (Ann. Ch. Pharra. xviii. 79 ; xxi. 202; 
xxiv’46)*’Kegnault(Ann.Ch.Phys. |2] Ixviii. 131); Lau rent ( 3] xix. 361); 
Lefort (J. Pharm. [3] xl. 97); apd Guibourt {ibid. xli. 97, 177). Good Smyrna 
opium generally contains from 10 to 16 per cent, morphine. Egyptian opium from 
6*8 to 6*6 tier cent. ; East Indian from *6*3 to 7*7 per cent. 

Breparation.—l. Opium is exhausted with cold water; the extract after evaporation 
to a syrup at a gentle heat, is heated while yet warm with a largo excess of carbonate 
of sodium as long as ammonia continues to esciij>e ; the resulting precipitate is collected 
after twenty-four hours, and washetl with cold water ; and when the wash-water is no 
longer coloured, the precipitate is treated with alcohol of 85 per cent., again dried, and 
exhausted in the cold with very dilute acetic acid, care being taken not to add tw much 
acid at once, and to wait till each portion is neutralised before adding more. The ^ 
lution is then filtered, decolorised with animal charcoal, and precipitated by ammonia, 
care being taken to avoid an excess ; and the precipitate, after being well- washed, is dis- 
solved in boiling albohol. The liquid on cooling deposits crystals of morphine, and M 
additional quantity may be obtained by concentrating the mother-liquors. (Merck.) 

2. Tw^enty pts. of opium cut in slices are boiled in sixty pra water for half an hour, 
or until all the slices are opened out; the liquid is then strained, and the residue is 
squeezed apd again twice treated with fresh water in same way. The united ex- 
tracts are boiled down to half their bulk, then stirred into a boiling lime-lyc composed 
of 3 pta. alaked lime and 40 pts. water; the liquid is boiled for a quarter of an hour, 
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and then straineni ; and the calcareous residue ia pressed and a^in twice boiled in 50 
pt«. water. The whole of the calcareous liquors are now Ixiiled down to 40 pt«. and 
niixod at boiling heat with 2 nts. sal-ammoniac ; the heat is kept up for an hour, or ad 
long as ammonia is given off; the liquid is then allowed to cool : ami after eight daj'S the 
morphine, which separjites in the form of brown granules, is collected: the mothcr-iiijuor 
yields another crop if further boiled down and left to itself. H'he product may be punded 
by washing in cold water, solution in hydrochloric acid, rop('at<'d bailing with excess of 
milk of lime, and pre<‘ipitation with buI ammoniac. t^Moli r, Ann. Oh. IMiarm. xxxv. 120.) 

3. The piwess moHt genemlly employ»Hl is that of Robertson, modifl^nl by 
Robiquet and Oregory (Ann. Ch. Pharin. v. 87 ; vii. 201). — Opium is maeemted in 
water of 38'^, till all the soluble prineiples ore oxtractml; tlie solution is eva|>omt<^' 
vr'ith carbonate of calcium, which neutnilises the frt'c acids; and when the liquid il 
sufficiently concentrated, chloritlc of calcium is added, whereby a precipitate of meco- 
nate of calcium i.s formed, which ciuries down with it a eonsidcralde quantity of 
colouring matter. The opium bast«s remain in the solution us hydnH'hlonit«vs, ami the 
liquid, when again concent rat<Hl. first dc|v>sita more meconaft'of calcium, and afterwartlH 
crystals of hydrochlorate of morphine mixed MUth hydr>»eli]orate of codfiuc. Theso 
salts arc easily purified by r<‘p<*ated crystallisation, with a^lditiou of animal charcoal. 

The two hydrochlomtes are next di.ssolvcd in wat<T and treated witli ammonia, 
which pri'cipitatrs the morphine, leaving the cod«‘ine di.s.'^olvcd. The niorphino w 
finally {>uri(ied by crystallisation from alcohol. 

Morphine prepared by cither of the jmvMlng pns'esses is often contaminat(*d with nar- 
cotinc, from which howeviu* it may be frisnl by cither of the following piskthm's : -1. lly 
digestion in oilier, which dissolves narcotine mueh more easily tlian morphine. — 2. By 
di.ssolving tin' mixed l)a.ses in hydrc^chloric acid, evaporat ing to the crystallising point , and 
pre.ssing the crystals, which consist entirely of hydrochlorate of inorpluiie, the narcotini'- 
salt remaining in the unorystallisable mot her- liquor. — 3. lly mixing the hydivuihlorio 
acid Bolutioii with common salt, which renders the liquid milky, and throws down tho 
narcotine after some days in crystalline agglomeratioiiH ; the nior|>hino rimy then b© 
precipitated by ammonia. — 4. By pouring a we.ak solution of enustie potash into the 
dilute solution of the hydroclilorutes ; the morphine tlu*n <iiss«dvcs in a sliglit excess of 
potash, while the narwtine is ih'positcd as a curdy precipitate, wliicli may bo separated 
by filtration. 

For a full account of the variou.s methods used for the preparation and |)uriflcation 
‘of morphine, see Gindhi's Handhook, xvi. 410-423. 

Vrojnrtd ff , — Morphine crystallises in eolonrh'.ss transparent prisms usually very .«hort, 
belonging to the frimetrie system, f)bserved eoinbination : rrA* . <x>Pto . . Angle 

cftF : or.P =r 127^ 30'; coP : ooPoo 110^ 2o' ; Pec : 132'"’ 20'; : f'oo 

05° 20'. Cleavage parallel to ocf’oo . It is inodorous but ha.s a pitrsistcntly bitter 
bvste, and is exlrern<‘ly poi.sonous, exerting a strong narcotic action. In small doses it 
is much used in rnt'dicinc os a sedative. 

Morphine is but vary slightly soluble in cold boiling water dissolves about n^of 

it, deirositing tho giviater part of it in the crystalline form ns it cools. Cold alc*>hid 
dissolves but little of it; boiling alcohol a larger quantify. It is insoluble in dh-r^ and 
may thus be easily separated from narcotine, which is dissolved by ether. Morphine is 
likewise, insoluble in volatile mis. Aqueous alkalis, even lime-water, dissolve it readily ; 
amimmia, however, but sparingly. 

Morphine turns the plane of polarisation of a luminous ray to tho left. In th© iMo 
of concentrated solution in water acidulabjd with hydrochloric m id. \\m niohicuhir rotn^ 
tory power is expressed by [aj »» — 88'04. It has likew'iso about the same amount of 
rotatory power when dissolved in alcohol. 

The crystals of morphine melt when heated, giving off 5*94 per cent. (■* 1 at.) 
water of crystallisation ; at a high temperature they become carbon isfsl. 

ilie composition of morphine dried at 120° is expressed liy l.ho fornyula 
as seen from the following results of analysis : 

Rpaniiult.f 

> s 

71*87 71*41 71*60 
6 86 6-84 6*86 

601 


CaieuXntiom, 

204 71*68 

H‘» 19 6*66 

N 14 4*91 

0» 48 16*86 


LiebJg.* 


71*36 

669 

4*99 

16*97 


71*38 

6*77 


285 100*00 100*00 


WlU.t T/Surent.l 

71*40 71*63 71*69 
6*72 668 6*66 


The base called pseudomorphine or pborraine, occasionally, found by PoUotisr 
in the aqueous extract of opium containing a large quantity of narcotine, and m met a- 
morphine Wiitstein, found on one occasion only in the residue of the pi^ipafatsoo 


« Aon. Ch. Phann. **vi. 41, 
X Ibt4. xxvt. 44« 


f Ann. Cb.Phy».lKvtlhtll. 
% Ibid. [%\ tin. m. ^ 
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of opium-tincture, were probably nothing but impure morphine. (See Gmliris Bani. 

^"iSw^-Wrphine and its salts are very sensitive to the action of oxidising agents. 
1 Mic acid is reduced by morphine either free or combined, the liquid turning brown 
aid emitting an odour of iodine. This reaction will indicate the presence of 1 pt, of 
morphine in 7000 pts. of liquid (Serullas). Penodto aad acts in the same manner. 
Ammonia deepens the colour of a solution of iodic acid and morphine (J. Lefert, 
J Pharm. [3] xl. 97). When solid morphine or a morphine-salt is moistened with a 
mhtion of 1 Vt iodkacid in 15 pts. water, and a solution of 1 pt starch in 400 pts, 

' Zter is added, a blue colour is produced, by which of a grain may be 

a drop Ttt starch^SoMon be previously evaporated with the morphine, thereac 
Inwill snmce for the detection of ,,^ko^h of a grain. If a layer of very diMe arnmo. 
ma be poured upon a solution of morphine mixed witlu iodic acid and starch, then, 
even ifonly^f^pt of morphine is present, two coloured rings will be formed at the 
surface of contact, the upper being blue, the lower brown ; in more(hlute solutions only 
the brown ring is produced. Other substances capable of reducing iodic acid may like- 
wise produce the blue ring, but not the brown ring at the same time. (A. Dupr6, 
Chem. New'.s, viii. 267 ; Jahresb. 1863, p. 704.) 

2. Morphine and its salts slowly reduce nitrate of silver, 

,3. Ghloride of gold colours them blue, from reduction of the metnl. 

4. They reduce permanganate of potassium, which acquires a green colour 

6. Ferric salts impart to morphine and its solutions a blue colour, which however is 
not permanent, and is destroyed by excess of acid, by heat, or by contact with alcohol. 
This reaction is characteristic of morphine (Robiuet). A solution of morphine in 
sulphuric acid previously heated is coloured deep red by ferric chloride, the colour 
changing after awhile to dirty green. (Ilusemanii, Ann. Ch. Pharm. cxxviii. 305.) 

6. Wlien sulphate of morphine mixed wth dilute sulphuric acid is boiled witli^jcr- 

oxide of lead, WW the liquid is no longer precipitated by ammonia, the excess of sulphuric 
acid then removed by carbonate of lead, and the lead by sulphuretted hydrogen, the 
filtered liquid yields on evaporation a brow amorphous slightly bitter substance {mor- 
phetine), which reddens litmus, is soluble in water, sparingly soluble in strong alcohol, 
acquires a darker colour by contact with alkalis, and is not precipitated by acetate of 
lead. By continued action of the peroxide of lead, it is converted into a yellow deli- 
quescent acid body. v ,, , • * * 

7. Nitric acid, communicates to morphine an orangc-red colour gradually changing to 
yellow. In this reaction, an acid body is produced which when boiled with potash 
gives off a volatile oil. (Anderson, Ann. Ch. Pharrn. Ixxv. 80.) 

8. Warm dilute sid.phuric acid converts morphine into sulphomorphide. 

9. Morphine dissolved in strong sulphuric acid containing a little 7utrw acid form.s 
a violet-red solution (J. Erdmann, Ann. Ch. Pharm. cxx. 88). According to A. 
Husemann {ibid, cxxviii. 305), this reaction maybe rendered much more certain and 
delicate by first dissolving the base in strong sulphuric acid, in the proportion of 
0*002 to 0*004 grm. to 6 or 8 drops of the acid, and then adding a drop of nitric acid» 
whereupon, if the morphine-solution has been recently prepared, a rose-colour is pro- 
duced, changing after a few seconds to yellow, then to greenish, and finally to brown. 

If a small quantity of water be added to the solution of the morphine in sulphuric acid, 

BO that the mixture becomes hot, the colouring produced by the subsequent addition of 
nitric acid is of a much deeper carmine-red, and much more durable. If the soly* 
tion be heated for a few minutes to 100°— *150®, the addition of a drop^ of nitric acid 
produces, after cooling, a splendid deep yiolet colour, which gradually disappears from 
the centre outwards, passing through bjood-red. If the temperature be raised aboye^ 
160®, the liquid acquires of "itself at ascertain moment, a violet-rose colour; at still 
higher temperatures, a dirty green colour is produced. ^ On adding a drop of ni^c 
acid, after cooling, the liquid immediately turns red, without passing through 'nolet. 
A solution of morphine in sulphuric acid, left, to itself for 12 to 24 hours at ordinary 
temperatures, behaves as if it had been heated to 100® — 150®. ^ 

Hypochlorite of sodium, chlorine-water, and chlorate of potassium exhibi%|||^iih mor- 
phine the same reactions as nitric acid. « , v , i -iv 

With regard to the sensibility of these reactions, Husemann finds that |th of a milli- 
gramme of morphine is sufficient to produce a very bright carmine colour ; Xth mgr. gives 
a very distinct reaction, and mgr. still gives a perceptible tint after half a minute. 

10. When chlorine is passed into water containing morphine in suspension, the mor- 

phine fir^ acquires an orange colour, then dissolves completely ; and if the pass^e of 
the chlorine be continued, the liquid turns yellow, and deposits flakes partly soluble m 
alcohol. (Pelletier.) ^ „ j • j l* / 

11. /odme unites with morphine, forming the so-cauad lodomorpnine (p. Woo), 
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Morphine heated to 200® with excess of Ajwfrato of pofos»««», yields an allulii^ dis- 
tillate containing methylamine. ^ a. M 

12. Morphine heated wth th** if^dtM of imthyl and ethyl yields hydnooil^ « 
methyl-morphine or of ethyl-morphine, . . 

To detect the prestmce of morphine when mixed with animal matter, tM attOftonoO 
is mixed with alumina, dried between 100® and 110^ then well puiveris^ anti ma(w- 
rated in cold water acidulated with acetic acid. The solution treated with ammonia, 
deposits morphine, which may tlion be recognised by the chai|pte^ abora described,, 
especially by its reactions with iodic acid, ferric salts, and nitri^acid, 

Estimatum of Morphine in Opium.— ^\5 grms, of opin«l^ cut in pieces arc triturated 
with 60 grma. alcohol of 71 per cent.; the solution is strained through linen; and the 
residue, after being pressed, is again treated in the same ^ With 40 grms. alcohol 
The alcoholic tincture mixed with 4 grms. of atpieous' ammonia }neld.s in 12 hours 
crystals of morphine and narcotine, which arti collect ihI, washed several times with 
water, and stirred up in the water ; the crystals of morphine then sink to the bottom, 
whilo’those of narcotine, being ligliter, remain longer suspended and may be senaratod 
by decantation (Guillermoud, ,1. Pharm. {H] xvi. 17). Kiegel (Jahrb. pr. Pham, 
xxiii. 202) removes the narootine precipitated together with the morphine, by washinff 
with ether or with chloroform. Acoonling to Heveil and (luibourt, the (juantity of 
alcohol employed by 0 uillermondis not sufficient for the exhaiistion of the(*pium, and 
12 hours i.s not time r.nough forcomplete erystallisation. (I ui bo urt ihert'foiv treats diw 
powdered oj)ium, or the aquet)us extmet "of opium, with alcohol, either warm or cold, 
allowing it in either case to stand in the cold for 24 hours, to pe rmit the sepamlion of 
the resin, the wax, and a portion of the nnreotine. Tlie tincture is drawn otT with a 
pipette, the residue washed with alcohol, and the entire bquid prei*ipitated by a sligljt 
excess of ammonia. After evaporation of the excess of ammonia, tlie moqffiine is 
allowed to crystallise out complet ely, then collcctiHl and washed with alcohol of 60 p<^r 
cent., afterward.s with alcohol of 40 per cent., and tinally witli ether. The extract 
prepared ^vith cold water from 20 to 30 grms. of oj)ium may also be redissolvcd in cold 
water; the solution precipitated by ammonia; and the precipitate collected after 36 
hom*s, washed with cold water, tiien with alcohol of 40 or 60 per cent., and crystallisiHi 
from boiling alcohol of 86 per cent. (0 u i bo n rt. ) 

F. F. Mayer (Am. J. Phann. xxxv. 28) has given a volumetric process for estimat- 
ing morphine and other alkaloids ftmnded on their procipitnbility hy potam'O’ntrrcurio 
iodide. The standanl solution contuins 13-546 grms. (L at.) men-uric chloride and 
49*8 grms. iodide of potassium in a litre ; it is to bo added to the solution to bo tested 
(and not the contrary), and gives a perceptible precipiuit<* with 1 pt. of morphine in 2500 
pts. water. The formation of the preciintate is not int(‘rfonvl with by extractivo 
matters, but is pnn-ented by alcohol, ammonia, and acetic acid ; to obtain grciitcf 
accuracy, the exceas of the pr<‘cipitant may bo ostirnati'd by a standard silver-solution. 

On tho estimation of morphine, sec further: — Fordos (Compt. rend. xliv. 126G; 
Kopp's Jahresb. 1857,603); Meurein (J. Phann. |3j xxiii. 176 and 262); 1. 
Kieffer (Ann. Ch. Pharm. ciii. 271); A. Petit (.T. Phann. [.*JJ xliii. 46); on an older 
process b/ Guillermo nd, see J. Phnrm. xiv. 430. . 

On tlie* detection and identification of morphine in cjisesof pisomng, see Lassaigna 
(Ann. Cb. Phys. [2] xxv. 102); Mormer (J. Chim. xxiii. 12); Stas (J. Pharm. 
(31 xxii. 281); Flandin (Compt. rend, xxxvi. 617); Otto (Ann. Ch. Plmrm. c. 46); 
V. Uslar and J. Erdmann (Ajim Ch. Pharm. cxx. 121); .1. Erdmann (Ann. 
(Ch. Phann. exxii. 360); Helvig. Das Mikroscop in der Toxicologic, Muniz, 1864 , 
p. 6 ; idsothe article, Ar.KALoiDS, in this Dictionary, i. 120. 

Salts of Bfoiplilne. — Morphine dissolvfts easily even in dilute acids, forming 
perfectly neutral salts. Jt decomposes certain salts of lead, iron, cop;)er, and mercury, 
combining with their acids. Most morph inc-salts are ciy-Htallisuble, inodorous, bitter, 
and very poisonous ; they arc soluble in water and in common alcohol, 'insoluble in other, 
and in'^amylic alcohol. The solutions exhibit tho relictions alxiTe descril>cd for 
morphine. According to Lassaigno and Feneullc, th(?y deposit in llic circuit of the 
Tolta^hi^ery, needles of morphine at the negative, and tho acid at the positive polo. 
Tbe^l^Ticous solutions mixed with ammonia, potash, soda, Imryta, lime, or magnetia 
iepositmorphine as a crystalline powder soluble in excess of the precipitant, except 
In^the case of magnesia, difficultly soluble in excess of ammonia. According fo 
Anderson (J. Pharm. [3] xiu. 143), the precipitate formed by ammonia compowd 
of microscopic rhombohedml crystels. Morphine-salts are precipitated by 
carhmaie* of the allcali-meUds, and the precipitate is not soluble in excess. The amd 
earhoMtta of the alkalirmetalu predpitete only a portion of the mi^hine from nentviu 
morphine-salta ; and do not form any precipitate in cold acid solutions. Tartaric aM 
the precipitation of mi^bine by the acid carbonates pf the alkali«iiiet«|% 
(Oppermann, Compt. rend. xxi. 210.) 
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With fluosilicio alcohol (a saturated alcoholic solution of fluoride of silicium) morohini.. 
salts yield a crystalline precipitate ; with phosp^Md^,hcid (p. 1087), a pale 
flocculent precipitate ; they are also j^Teci]pit8,ted hy phosphotunff8tk acid (a mixture of 
sodic tungstate and phosphoric acid), and hyi^hosphanttmonio acid (prepared bv 
dropping pentachloride of antimony into aqueous phosphoric acid), not, however 
the solution is diluted 1000 times. (F. Schultze.) ■' ’ 


Acetate of Morphine crystallises by spontaneous evaporation in tufts of 
needles very soluble in water, less soluble in alcohol. Its solution when evaporated 
by heat, is partly decomposed, giving off acetic acid and depositing ciystals of 
morphine; by rapid evaporation, however, a varnish-like residue is obtained. 

Aspartate of Morphine is a gummy mass containing shining crystals, very 
soluble in water, 

Bromomercurate.— Resembles the iodomercuratc (p. 1055) and is obtained in a 
Bimilar manner. (Groves.) 

Carbonate. — Morphine dissolves in water strongly charged with carbonic acid 
underpressure; and the solution cooled to a low temperature deposits carbonate of 
morphine in shortened prisms soluble in 4 pts. water, and decomposed by heat. 
Alkaline carbonates added to solutions of morphine tlirow down the free base. 

Chlorate of Morphine forms long slender needles which decompose suddenly 
when heated, swelling up and carbonising. 

Chlorhydrate or Hydrochlorate of Morphine, C’’H'®NOMIC1.3H^O, crys- 
tallises in silky fibres, soluble in 20 pts. of cold water, in 1 pt. boiling water and 
still more soluble in alcohol. 


The chloromercurate, C*^H‘*NO*.HC1.2ng"GF, sepamtes as a white crystalline 
precipitate, on mixing the solutions of its component salts, and the filtered liquid 
deposits, after a while, tufts of silky crystals, having the same composition. It is very 
sparingly soluble in water, alcohol and ether at ordinary tempomturcs, more soluble 
in boiling alcohol, which deposits it in the crystalline form. Hydrochloric acid 
dissolves it easily and deposits it by spontaneous evaporation in large crysUils. 

The chloroplatinate, 2(C‘’U’®NO*.irCl).PtCl^ is obUiined as a yellow curdy 
precipitate; a certain quantity, however, remains dissolved and may be crystallised by 
evaporation at a gentle heat. 

Croconate of Morphine is a dark yellow uncrystalli sable bitter mass, soluble in 
water and in alcohol. 


Cynoplatinate of Morphine, 2(C‘Hl'®N()^.HCy).PtCy^. — Cyanide of platinum 
and potassium throws down from the aqueous solution of acetate of morphine, an 
amorphous curdy precipitate wdiich soon becomes crystalline, causing the liquid to 
solidify into a brilliant white mass. It forms shining globules and funnel-shaped 
depressed discs consisting of small microscopic needles having a silky lustre when 
dry ; becomes dark-yellow when heated and white again on cooling ; melts partially at 
160° to a brownish-ycdlow mass, and when further heated, swells up, gives off 
cyanogen, and burns with a sooty flame. It does not give off any water of crystallisa- 
tion at 125°. (Schwartzenbach, Chem. Centr. 1860, p. 304.) 

Cyanurate of Morphine forms tufts of long needles mixed with crystals of 
cyanuric acid, even when morphine is present in excess. It is decomposed by reciys- 
tallisation, with formation of a white amorphous mass. 

Fluorhydrate or Hydrofluate of Morphine forms long colourless prisms 
sparingly soluble in whter, insoluble in al^hol and ether. 

Formate. — Small bitter prisms fusible twid easily soluble in water. 

Gallotannate. — Morphine-salts form with gaUotannic acid, or tincture of galls, 
a white precipitate sparingly soluble in water, freely in acetic add, gallic acid, and 
mineral acids, soluble also in alcohol. 


Hipp urat e, — Transparent amorphous mass. 

Hydroferricyanate. — Aqueous ferricyanide of potassium added to aqueous 
hydrochlorate of morphine forms, after a while, a crystalline easily decomj^ible 
precipitate (Do Ilf us); according to Neubaner, on the other hani no precipitate 
IS formed. — Hydroferrocyanate. — Hydroferroc^anic acid throws down from an 
alcoholic solution of morphine, after long standing, small, white, easily docomposible 
needles, (pollfus.) 

lodhydrate or Hydviodate, C*’H*®NO*.HI.fHH)? — On mixing the solutions 
of 1 pt. iodide of potassium and 2 pts. acetate of morphine, small shining 
prisms are obtained, moderately soluble in water, and containing 28*8 per cent, 
iodine. (Winckler.) 
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lodomercurates . — lodoinorcurate of potassium throws down from aqueous sulphate 
or hydrochlorate of morphine, t pulverulent precipitate, w’hich soon becomes f^»latinoU8t 
and is insoluble in hydixHjhloric acid(w*Planta, Dclffs). When morphine, mercuric 
chloride, and iodide of potassium tire'*l)rought U^ether in aqueous solution, a double 
salt, C'’H'“NO*.HgP [or is prtx'ipitatwl, sparingly soluble iu 

water, more soluble in alcohol. It is crystidlisable, frt'e from wnttT of cr^’stjdlisntion, 
not deeompo.sed by dilute acids, even on Unlinjcr, or on addit ion of iodide of potiui- 
siuiu; decomposed by caustic alkalis. (Groves, CMiem. 8oe. J. xi, 97.) 

Kinate of Morphine is a transjmrent gum exhibiting traces of crystallisation. 

Me CO note of Morp h i n ( is uncrystallisable. very soluble in water and in alcohol ; 
reddens ferric salts. This salt is contained iu aqmxms I'xtract of ('pium. 

MclUtatc. C'Gr®NO’.CMI‘Ob- The .solution of morphine in hot coneentrated 
aqueous niellitic acid soon depi»sits white, microscopic, needle-shap<'(l crystals, which 
give oft' 2 per cent, of tlieir weight at 110®. Thry an' rather more sulubb* in cold 
than iu hot water, freely in aqin-ous ammonia and potash, not in alcohol or in ether 
(Ivarmrodt, Ann. Ch. Pharm. Ixxxi. 171). A (liha.'^ic vuHitatv appears to be formed, 
a.s a bnjwn amorplK)US brittle mass, wlieu cold aqiu'ou.s incllitic acid is saturated with 
morphine, and the solution is evaiM)ratfd. (Karm rodt.) 

Nitrate of Morphine forms stellati^ rays .soluble in 1;J pt. water. 

Veciatc. — Recently precipitated pectic acid dissolves morphine, men in tbo cold, 
forming a thick gum which, after dilution with water, is thickened again by acids. 
(Braconuot.) 

Phosphates. — Two pliosphates of morphine appear to exist, tlie neutral salt erystid- 
lisiug in cubes, the acid salt in ‘lifts. Phosphate of sodium addnl to solutions i>f inor- 
jdiiiu'-.salts, forms a crystalline precipitate very soluble in bydroehloric acid. 

I'icric acid form.s witli morphim-salt.s a sulphur-yellow pulverulent pro 
cipitalo (v. iMauta) ; no preci])itato with the aeetate.' (M ('rck.) 

Pif rotartrate. — Ki.ssun*d gum, soluble in water and iu alcohol. (Arppe.) 

Hhodisonaie. — llyacinth-red ; soluble, with reddish colour, iu water and in 
alcoh'd. (Heller.) 

Suf phatfs . — Tlie nndral sait (C‘’Il"'NO*)*.ir''SOM0ll^O, crystallisi's in tufts of 
colourless prisms, very soluble iu water ami having n silky lust n*. They give olf 1 187 
percent. (= 10 at.) water at l.W\ Then^ appears nl.so to exi.sf an acid sulphate of 
morphine, which is obtained by supersaturating the preceding salt with sulphuric acid, 
evajxirating to dryness, and removing the excess of acid with ether. 

When morphine is dissolved iu dilute Hulj>hnnc acid, the solution evuiKirated till it 
begins to decompose, and coM water then |^oured into it, a substance called sulpho- 
morphide is precipitated, having a constitution siindar to that of an am'ub' — that i.s 
to say, it may be regarded as produced from sulphate of morphine by elimination of 
water : 

(C‘^H'®NO*)*H*SO* - 2H-0 C»HT='"N*0"a 

Sulphate of iMorphine. Sulphotnorphido. 

Sulphomorphide recently prepared is white and amorphous, but soon turns green 
even in sealed tubes. It dissolves in dilute acid and alkaline liquids. Strong acids 
and alkalis decompose it, forming a brown substance*. 

Sulphocyanatc, C‘Hf'®NO*.CyH8. — An alcoholic solution of morphine saturated 
with moderately concentrated sulphocyanic acid yields small, shining, limpid needles 
which melt at 100®. 

Neutral solutions of morphine are not precipitabid by sulphocyanaH* of potassium. 

Tartrates, a. Neutral, C'^H‘®NO®.CHPO®.3H*0.-~Whcn a solution of cream of 
tartar is neutralised with morphine, cream of tartar crystallises out first, then nodules 
of the morphine-salt, which must be removed in time, so as to keep them separate from 
the neutral tartrate of potassium which afterwards crysfallises out. The salt may 
also be obtained by slow evaiwration of an aqueous wjlution of tartaric acid nt*utraliji(*d 
with morphine. It forms nodular groups of crystals consisting of clowly aggregated 
needles ; effloresces on the surface at 20® ; loses on the average 6*64 oer cent, water at 
130® (3 at « 6'8 per cent), no more at 146®. Exhibits ciystal-eiectricity (ii. 411) 
when heated to 130® or 140®, and retains it for an hour after cooling, fkjlulile in alcohol. 
The easily formed aqueous solution is not precipitated by owistic alkalis, alkaline carbo- 
nates, chloride of calcium, or ammonio-cblorido of calcium. (Arppe, J. pr, Chem, 
iii. 332 ) 

0. Adi iolt, C»'H**NO» C^H*0*.JH*O.-~Obtained by mixing the solution of the 
neutral salt with as much tartaric acid as it already contains. Crystalli^ by spoil- 
taneoos evapmation in tufts of long rectangular flattened prisms. The sir-driM iilk 
gives off 1'99 per cent (^ at) water at 140®. 
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Urate of Morphine w obtained by boiling uric acid md morphine with water, and 
crystallises on cooling from a solution saturated at the boiling heat, in short brownish 
prisms which decompose when recrystallised. (Elderhorst.) 

Valerate of Morphine forms fine large crystals having a fatty lustre and 
smelling strongly of valerianic acid. The crystals belong to the trimetric system, and 

are always hemihedral. Observed combination ooP . ooP oo . P oo . . Angles measured 

V P P 

approximately, ooP : ooP = 100°; t f oo = 12-5° 47 ; P<» : « 148° 28 ; ^ : <»P 

= 130° (Pasteur, Ann. Ch. Phys. [3] xxxviii. 455.) 

Derivatives of Morphine. 

loDOMORPiiiNE, 4C*’II'®NO®.3P (?). — A mixture of equal pts. of iodine and mor- 
phine dissolves completely at the boiling heat, forming ii brown liquid, which by spon- 
taneous evaporation deposits this compound in the form of a brown-rod substance, the 
mother-liquor retaining hydriodate of morphine. The same compound is obtained by 
heating a solution of sulphate of morphine with iodine. It dissolves in acid and alkaline 
liquids when heated therein. It gives by analysis 35*34 per cent, iodine, the formula 
requiring 39*87 per cent. 

lodomorphine triturated with metallic mercury and a little alcohol gives up part of 
its iodine to the mercury, and is converted into a yellow amorphous mtiss, insoluble in 
cold water, sparingly soluble in boiling water, moderately soluble in alcohol, very 
Boluble in alkaline liquids, insoluble in acids. Treated with nitrate of silver it yields a 
large quantity of iodide of silver. It melts when heated, giving off ammonia, without 
any trace of iodine. (Pelletier, Ann. Ch. Phys, Ixiii. 185.) 

Methyl and Ethyl-morphine. The iodides of etliyl and methyl act u{^n 
morphine, producing hydriodates of bases in which 1 at. of the hydrogen of morphine 
is replaced by ethyl or methyl. 

Hydriodate of MeihyUmorphine, C‘’II'*(CH»)NOMII.IPO, is very soluble in hot 
water, and is deposited on cooling in colourless rectangular needles, containing 4*04 
per cent, water (=1 at.). The solution treated with oxide of silver yields a brown 
amorphous mass, which is quickly attacked by iodide of methyl. 

Hydriodate of Ethyl-morphine, C'"H**(CW)NOMlI.IPO, produced by heating 
morphine with iodide of ethyl and a small quantity of absolute alcohol, in a sealed 
tube, is very soluble in boiling water, and crystallises on cooling in slender needles, 
containing 1*98 per cent, water. It is sparingly soluble in absolute alcohol, more 
soluble in ordinary spirit, permanent in the air. The aqueous solution is not precipi- 
tated by potash or ammonia. Hence this salt is probably analogous to iodide of tetre- 
thyl-ammonium, and the group in morphine appears to bo equivalent to 3 at. 

hydrogen. 

The hydriodate is decomposed by oxide of silver, yielding a very caustic liquid which 
when evaporated leaves a dark brown amorphous mass. (II. How, Chem. Soc, Qu. 
J. vi. 125.) 

nCOBPBZVM. Syn. with Morphine. 

MOBPBOUTES. Earthy concretions found in Sweden, consisting of marl with 
between 47 and 49 per cent, carbonate of calcium ; they have a slaty structure with 
laminse of unequal thickness and dissimilarcolours, (See Imatra stones, p. 245.) 

MOBTAR. Sec lire's Dictionary of Arts, Manufactures, and Mines, iii. 199. 

PKOBVlSlffZTS. A brilliant variety of baryta-harmotome found at Strontian in 
Argyleshire (p. 13). 

MOSAIC OOE1>. Or molu. An alloy of copper and zinc in equal parts. (See 
Copper, Alloys of, ii. 49.) 

M08APri>ltZTS. A silico-titanatc of cerium, calcium, &c., found in radiate 
masses and imperfectly developed (monoclinic ?) prisms, imbedded, together with lecuo- 
phane, titaniferous iron, fluor-spar, &c., in the syenite forming the islet of Lammarsk- 
jkret, at the entrance of the Langesundfjord, near Brevig in Norw'ay. It has a dark 
red-brown colour, vitreous to fatty lustre, and is usually more or less weathered. Hard- 
ness « 4. Specific gravity »» 2*93 to 2 98. Contains 29*93 per cent, silica, 9*90 
witnnic anhydride, 26*56 oxides of cerium, lanthanum, and didymium, 1-83 ferric oxide, 
0*75 magnesia, 19*07 lime, 0*62 potash, 2*87 soda, and 8*90 water ( « 100*33). 
(Erdmann, Berz. Jahresb. xxi. 178.) 

MOSS ACMkra. See Aoatb (i. 62). 

MOTSSRoUQOOB or Mothet'Water. The portion of a mixed solntioD which 
remains after the less soluble salts or. other bodies have crystallised out 
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hard ailvery hrilUant intamal layar of aeToral 
kimla of sheUa especially oyster shells, often exhibiting brilliant 
from the striated structure of its surface (see Lioht, p. 608). It contains about 66 par 
cent, carbonate ot calcium, ‘2‘5 or^nic matter, and 31*6 water. 

MOinrTAm coum or MOUITTAXM UATBBA. A variety of aabostoi 
in which the fibres are so iutorluced that the fibrous structure i« not appiinmt 
MOWTAXMT BXmUE, Syn. with AxrniTB. (See Caiuionateo, i. 783.) 
MOTOTAXir OBBXaar- Syn. with Malachite. (See Caudonates, i. 783.) 
MOUBTAXN 80AF. Soo Steatite. 

MVCJMXOB. C"H'-N’0* - (C«i|| 0»)’'|S«- (Malaguti, Compt. rend. xxii. 

864 )— Prmlneed by the action of .imnionia on mueie ether. It is white, very slightly 
sXble in boiling water, and separates on cooling n nnrroseopie crystals having the 
form of an octaluslvon with rhombic base, truncated on bot h summits, and looking like 
bevclhd plates. It is tasteless and insolubln both ill alcohol ami in ether. ts|MWiflo 
-mvlty 1-58I1 at 13-6“. Heated with water to 136'=-U0'‘, It is eonvertod into mueat* 

of ammonium; (wumn’O* + 21IH) - C*1I-(NH<)’0*. 

A boiling Bolution of mticamide mixed with iimmoniacul acet ate of lead forms a pro- 
ciidtate o/ammoniacal mucate of lead or /nmaite of had ,, ml V' 
(M 7 j|j«pV)"(N 2 H'‘Pl)'')<V*.(tH'H). A boiling wituratfd solution (if muciiraido forms witu 
ftTumoniacjil nilratiO of silver a specular dopisit of metallic silver. , . , , a i 

M Zd e ttrns brown when heated a few degrees above and yields by <lry 

disu nion water, dipyroimteamide, a small quantity of pyromuete aeid, earbomo 
aiiliydridc/ ami carboiiato of ammonium; tiic residue contaiiiH carbon and pam- 
cyanogen. 

Mvexe AOXXI. C4I‘*0*' « (C«ir02)-‘ I or — Thifl acid, isomeric with saccharic 

rtnm xoiv. 226); Httd Sch w an erl (iW. cxvi. 227) : see als., Om. xt. 

It iH dibaaic, and was formerly represented l»y the diatomic formula ^ J O^but 

1 .fj.xn iniln* wiiears it is now recanled ns derived from tin* hexatomic alcohol 
CTpioTb; Z ZtuZn of 2 at. 0 fo'r 4 at. H, being aeeordingly represented by 

the formula (C‘H‘0')'' | O', the number of iU btisic hydrogen-atoms being, iia in other 

Bimilar caBCB. equal to the n»mber ,of own-ateniB wl.ich have entered into it by 

Bubstitution. lactose or galaetoBO (p. 1023), 

Mueic acid is formed by the ox datmi^i &c.). It is 

roelitose, dulcite, and Aarious n^<*ralelv dilute nitric acid. Aceoniing to 

prepared by j^^rm ^ 1 , 348), the best proportions ara 1 pt. railk- 

Guckelbcrgcr (Ann Ch being warmfsl till the 

sugar to 2 p^. mtne ^d of ^ ^ „tly wamuKl towanls the end of tho 

reaction G^)-06 per cent, of the milk.^t^ar 

process. Pasteur treated with nitnc rtcid yields twico 

employed. .1 milk-sucar * Gum-arabic may also Iw used for tho prepara- 

“onZf muZcZiid?? pt of it bein'g hea.«l with 4 pta mtrie aeid of speeifte gmvity 1-36 ; 

but the «;id thu. from boiling water, or better, e*^ 

Crude mueic aeid Mpunflid by i^r^^^«m B ; , ,;i,y 

daUy if it ha. P^Pri, "’ZT^UiL rt^^. Sid anally procipita&g ti» 


m^c ^d “blZwith BouSf W It U m^n g^wlnW* 

aeid diBBolvM it^ with water undergocB an iBomnic tranrformatio^ 
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tfian mucic acid : its salts are also more soluble than the mucate<<, but their snl 
in boiling water deposit mucates on cooling. 

Mucic acid heated per se first melts, and then decomposes, jrielding amon 

products, pyromucic acid and carbonic anhydride: ’ ^ 

= CWO’ + C0‘ + 8E^O. 


When oxidised by boiling with nitric acid, it yields racemic and oxalic acids (Car let). 
Distilled with sidjj/iuric acid and peroxide of ma7?ffanesc, it gives off formic acid. By 
heating with caustic potash, it is converted into a mixture of acetate and oxalate: 
c«ii»oo« = 2C2H^02 + 

Mucic acid is converted by peninchhmde of phosphorus into a peculiar dibasio 
chlorinated acid, C“H*CPO\ which has not been thoroughly investigated, but evidently 
stands to mucic acid in the same relation as chloroinaloic acid, C^IPCIO*, to tartaric 
acid, (Li^;s-Eodart, Ann. Ch. Pharm. c. 325). Mucic acid heated with //y- 

driodio acid is converted into an acid having the composition of adipic acid, C'“II‘®6h 
(Crum Brown, Ann. Ch. Pharm. exxv. 19.) 

Mnoates. Mucic acid is dibasic. Its salts are for the most part neutral, of 
the form C'dl^M’-'O" ; but a few acid mucates of the alkali-metals are also known. 
The alkali-metal mucates are very soluble in water; the rest are mostly insoluble. 
The soluble mucates are decomposed by acids, with deposition of mucic acid. The 
mucates when heated give off the odour of caramel. 

M^tcates of Am wonium. — The neutral salt, C®IP(NIP)W, is obtained by super- 
saturating the hot solution of the acid with ammonia, and repeatedly crystallising the 
salt which forms on cooling. The crystals are colourless fiat four-sided prisms, 
which become soft and yellow at 220°, and l)otw(*en 220° and 210° are resolved into 
water, carbonic anhydride, carbonate of ammonium, pyromucic acid, and dipyro- 
mucamidc, while small quantities of charcoal and parayanogeii remain behind : 

CflII«(NIP)20« = Cni'O* -I- C0^(N1P)2 + 2ir-'0 

Miuatenf Tyromiiclc Carbonate of 

anmuMiium. at id. ammonium. 

and cm\mi*y0^ = + C02 + 5IPO. 

Dipyroniucamide. 

Possibly the pyromucic acid, formed as in the manner represented by the first equation, 
is converted into dipyromucamido by the action of tlui carbonate of aramoiiiura formed 
at the same time. 

Mucate of ammonium dissolves sparingly in cold, more freely in hot water: 
according to Malaguti, it is nior<^ soluble than the corresponding paramucate. 

Acid 7 nncate of anwionmm, C'*JP(N11^)0*.IP0, prepared by neutralising 1 pt. of 
mucic acid with ammonia, and then adding an equal portion of the acid, crystallises in 
colourless needles or thin prisms w'hieh, after drying over oil of vitriol, give off 7*32 
per cent, water (=1 at.) at 100°. It is more soluble in water than the neutral salt, 
and when distilled yields the same products, together with a small quantity of a yellow 
oil, which is soluble in water, appears to boil below 100°, and quickly turns brown 
when exposed to the air. 

The mucates of barium, strontium, and calcium are precipitated on adding mucate of 
ammonium to the chlorides. The barium-salt dried at 100° is 2C®IPBa"0".3H'-^0 ; the 
calcium-salt di’ied at 100°, has a similar com position. 

Cupric mucate, C^H^Ou'OMPO (at 100°), is a bluish-white precipitate. 

Ferrous mucate, C"}PI*V'(P.2IPO (lit 100°), is a yellow powder precipitated by 
alkaline mucates from ferrous sulphate. It is permanent at ordinary temperatures, but 
takes fire between 150° and 160°. 

Mucates of Lead. — A hfxhasio (?) salt is obtained by precipitating basic acetate 
of h^d with mucate of ammonium. The neutral salt, C‘’H'*Pb"OMI*0, is obtained by 
precipitating nitrate, chloride, or neutral acetate of lead, with mucic acid or mucate 
of ammonium. It gives off its water at 130°. 

Mucates of Potassium . — The mutral suit forms white granular crystals, con- 
taining 2C*H*K-0®.H^O, which remain unaltered at 100°, but turn yellow and give off 
1 at. water at 150°. The salt dissolves in 8 pts. of hot water, and separates almost 
completely on cooling; it is insoluble in alcohol. The acid salt, prepaid like the acid 
ammonium-salt, forms transparent ci^stals, which when dried in the air or at 100° 
contain C®H»KO».H*0. 

Mucate df Silver, C*H*Ag®0*, is obtained by precipitating nitrate of silver with 
mucic add or a soluble mucate. It does not give off anything at 100°. 

Mucates of Sodium . — The neutral salt tormsi transparent crystals con- 
taining 2C*H*Na*0*.9H^ which give off 8 at. wat«^tloo°, and obstinately retain 
the last atom. The solution, if rapidly boiled down, deposits a white powder 
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eontaining 2C*H*Na*0*.H’0. — The aeid sodium-saH, colourleea shbing priams, con- 
taining 2C*H*Na0*,7U*0: they give oft' their water at 100^. 

1K90ZC BTKBB8. Amyl- mueic aeirf, C‘H‘'(C*H“)0", in protUiml by the action 
of sulphuric acid on a mixture of amylic alcohol and mucic acid. It is crystallisable, 
Qiflsolves in Imiling water and in alcohol. 

Mucates of Ethyl. The coinjx)und, C’^ll’^O* — commonly 

called wiJicic ither^ is prcparctl by gently healing 1 pt. of mucic acid with 4 pts. of 
sulphuric acid till it turns black, then leaving it to c<Hd, and adding 4 pts. of alcohol of 
specific gravity 0 81 4. The mixturo left to itself for 24 hours soVulifics in a macs, 
which must bo shaken up with alcohol, tlimwn on Ji filter, waslu'd with alcohol, and 
purified by repeated crystallisation from boiling alet>hul. 

Muente of ethyl crystallises in transparent four-sided pr'sms, terminated by a single 
perpendicular face. It is insipid at lirst, but leavi's a bitter atlertasto. It melts at 
and solidifies in a crystalline mavs at llio®. At a higher leinporaturo it is w;- 
solved into alcohol, water, carbonic anhydride, aertie aeid, carburet te<l hydrogen, pyiM- 
imieie acid, and clnireoal. It is in.'Joluble in ether, very soluble in Inhling Jileoliol, very 
sparingly in cold ulcoliol ; vt ry solul»le also in l)oiIing water, w'hich deposits it in weli- 
dellned crystals on cotdiug. The alkaline hydnites decompose it like othet ethers: 
ammonia converts it into inm arnido. 

Kthylmucic acid or Miicovinic acid, Cm**()*- In the prc|Minition of 
neutral ctliylic mucatc, it someiimes happens tlnit an atjiu'ous solution of that com- 
pound not yet pure, gives off all at once a very di-citbsl alcoholic odour, and yiehis by 
♦tvaponitiun a substance totally difl’erent in appearance from the neutral etlier. It is 
purified by treatment with alcohol, which removes the neutral ether, ami tile residue is 
crystallised two or three timn'S from water. The product is pure when its solution is 
no longtT remiered turbid by ammonia. 

Ethylmueic acid is white, of asbestos-like nspeet, the form of its crystals l)eing that 
of a right prism with rhombic base. It is inoderjiU*ly soluhle in w/iter, vi'ry sliglitly 
in alcohol. It has a puis* acid taste, and melts at with deetunnosil ion. The 

ineltod mass assumes a vitreous aspect on co<jling, but after a considerablo time it 
huftens and again becomes op.ique. 

i.thylnumitc of aminoniuiH, C'’JT*(NIP)0", is very soluble, tasteb'ss, and lias a slight 
acid reaction. Its solution preeipitafes the salts ot had, Kilver, copper, hanttfii, and 
girontiufii, very sliglilly those of advium, and forms no precipitate w'ith salt.s ot r/wc, 
rantinrshim, &e. Ail the pn-eipitate.s are soluble in acetic acid. 

VVdien a solution of etlivlmucic aeid is boiled withoxi«le of silver, carlxniie anbydridci 
is evolved, a portion of tiio oxide is reduccil, and a silver-compound is iorintsl, which 
oxplotles wdien slightly healed. 

Mucatc of Methyl, « C* 11 '‘((’11 ')*<)", is pre])ared like mucatc of ethyl, 

and crystallises from water or alcohol in lamina*, or in ilaf1«*ned six-sitled orisniK, 
colourless, non-volal ile, and tasteless. It is very soluble in boiling water, very little ill 
boiling alcohol. It dccom[x>scs at lOH® without melting, and then changes to A black 
liquid, which swells up, and gives off* gases containing carb<»n. 

MVCBBXBBBU From experiments on iho growth these fungi {Amffdiora 
nigram), Ranlin (Compt. rend. Ivii. 771) concludes that they require for their normal 
development the elements of phospliato and sul[>hate of arnmoniurn anil of tho carlxi- 
nates of potassium, magnesium and manganese, but that these elements arc not all of 
equal value to them. If 20 grms. of t he plant are produced in a given time in a liquid 
containing all the substances above mentioned, then in the sauje lime there will be 
formed, in the absence of manganese, 6 grms, ; of sulphur, 2 grrrs ; of potassiuni and 
magnesium, only 1 grm. ; and in the absence of phospborus, only half a gramme of tho 
pl^t. Experiments in which these fungi were dr veloped in a confined volume of air, 
showed that the nitrogen of the air was not essential to their growth., Similar results, 
so far as regards the mineral constituents, have licen obtained with plants of higher 
orders, by G. Vi lie (Compt. rend. Ivii. 270). 

BSITCZBACIB* Tho gum of seeds, roots, &c. (See OuM, ii. 955.) 

MireZBr. The name of one of the constituents of gluten (ii. 873) ; also of tho chief 
constituent of animal mucus. 

KirCirB. The normal secretion of mucous membranes. It is found in the wspiiHr 
tory genito-nrinary. digestive. &c. passages of animal bwlifu, mingl^in siti^ 

Slith specific fluids furnished by special glands. It is very doubtfal, howevcij, 
whether the weretion ought to be considered as the same in all cases, wh^or in foot 
iherois a one thing, mucug^ modifled by tho addition of other mattem fror^lme to 
time, aad iwt « different riu^ether for tub membrane OT qiig^ Whro o|iN 

Uinil in e eWe of eppronimite. purity, mucue sppeere seen alkaliiie fluid of • wijr 
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mdiaxhehm, ropy mtim. Under tbemicwscom are seen, Mdes fatty and othe, 
nLles varying in form and kind according to the nature of tie 
grannies, epghe . ^ ^ and the so-called macns-corpusdm, 

Zpeet fi.m pas-corpnscles. These morphologlLl de- 
mZts vary exeeedwgly in number in different specimens, but are rarely, if ever, wholly 


Among the chemical constituents, the most important is mucin, a colloid substance, 
existing in the liquid in an undissolved condition, lo its presence is due the peculiar 
ropiness of the secretion. - . ^ 

Mucin is insoluble in water, and can be separated from it by filtration, though Scherer 
found on one occasion a mucus which was soluble in water and readily passed through 
the filter. Heat produces no coagulation ; on the contrary, a real solution seems to be 
thereby effected. It may bo precipitated by alcohol as aflocculent stringy mass, which 
on the subsequent addition of water, will swell up into its former colloid state. Dilute 
acetic acid and mineral acids precipitate it ; concentrated acids dissolve it readily ; 
alkalis, especially when dilute, also dissolve it. From its solution in weak acids it may 
be precipitated by alkalis added with caution. Ferroeyanide of pot^siuni produces no 
precipitate either in alkaline or acid solutions, except when a solution in strong acetic 
acid has been boiled. Tannic acid and basic acetate of lead tlirow it down from a 
faintly alkaline solution ; the neutral acetate and mercnric chloride produce only a 
slight turbidity. Concentrated hot nitric acid colours it yellow. The addition of a 
large quantity of water generally coagulates it, probably owing to some of the solvent 
alkalis being thereby withdrawn. The difiiculty of obtaining it pure detracts from the 
value of any elementary analysis. According to Scherer, 100 parts of it contain 
carbon 52*4, hydrogen 7*0, nitrogen 12-8, oxygen 27 '8. It contains no sulphur, but 
gives 4 percent, ash, consisting chiefly of phosphate of calcium and alkaline carbonates. 
Mucin is found not only in ordinary mucus, but also in synovia, in the contents of 
various cysts, in the pathological product known as “colloid tissue ’ and in the un- 
formed connective tissue of the umbilical cord and embryo. 

Besides mucin, mucus contains a very small quantity of fat, various extractive 
matters, and salte. Among the latter are sulphates and phosphates of the alkali-metals, 
with earthy phosphates and especially alkaline chlorides. According to B rz el i u s, 1 00 
parts of nasal mucus contain 93*37 water, 5*33 mucin and *50 alkaline chlofidc. Albumin 
18 very often found in mucus, but may be regarded as an abnormal constituent. In 
certain pathological states, various forms of albumin are poured out in abundance on 
the surface of mucous membranes, us transudatious. The secretion is also said at 
times to change from mucous into inuco-purulent or purulent (see Pus). 

It has been thought that mucus was generated by the breaking-np of the epithelium 
of the mucous membranes. The want of rehitioiiship, however, between the number of 
such epithelium scales and the amount of* mucin in any given quantity of mucus, and 
the pres<mce of mucin in embryonal connective tissue, negative such an idea. Probably 
mucin is not secreted by the mucous membrane us such, but is developed on the free 
surfaces out of some unknown antecedents, perhaps in some such way as fibrin is 
formed out of its peculiar antecedents. 

The great use of mucus seems to be to lubricate the passages where it is found. A 
ferment-action has been largely attributed to it. The mucus present in nrine is said 
to be a chief cause of the change which urea speedily undergoes into carbonate of am- 
monium in exposed urine. The weak power of converting starch into sugar possessed 
by many mucus-bearing fluids, not containing saliva, has btxm supposed to be due to 
the mucus. This however is doubtful. I’he catalytic action of urine on starch cer- 
tainly does not reside in its mucus (Cojfi nheim). In the mucus of the respiratory 
passages (sputa) during certain patholo^rcal states (bronchitis), the alkaline cldorides 
are much increased. ^ 

MnniARXiar. An extractive matter obtained firom mudar-root, tlie root of Asclepia 
gigantea, L. (A. Duncan. Fontenelle, Ann. Ch. Phami. xvii. 210.) 

MTirDBBXC AOZ]>« A product of the. oxidation of mudesous acid. 

MITBSSOVS ACZB. C‘*H*®0*(?) — AA organic acid, which, in combination with 
alumina, forms the mineral called Figotiie, ^tKad coating the walls of certain granite 
caverns in Cornwall. Pigotite is brown ; yields a yellowish powder ; is insolnble in water 
alcohol ; gives off 27 per cent, water in drying ; decomposes at higher tempera- 

tures, giving off empyreumatic products, and leaving alumina mixed with charooaL 
The am separated from the alumina is dark-brown, permanent in the air, soluble in 
water, forms a deliquescent ammonium- salt, and gives brown precipitates with metallic 
salts. Nitric acid converts it into mudesic acid, a brpwnish-yellow substance, said 
to contain 2 at. oxygen more. Mudesous acid is supposed to have been ibfmed from 
the remains of plants, its aqueous solution dissolving the alumina of the decomposed 
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granite as it percolated through the cavities. (Johnston, Handw. d. Ohem. T. 400 r 
vi.502.) ’ . . 

A substance from Wicklow in Ireland, probably identical with Pigotite, has been 
examined by Apjohn (Jahrosb. 1852, p, 903). 

M01AOV8B B&VS. A blue dye, obtained by prolonged Ix^ilingof an alkaline 
solution of shellac with jiuilinc-red. (Schaffer aiul li ros- Ren aud, Bull. Soc. In- 
dustr. do MuUioiLse, xxxi. 238 ; R^p. Chim. iipp. iii. 278.) 

MVUBB'S OXiASS, or Hyalite. A variety of Ova\ {q. v.). 

MtnuuntXTB. Syn. with Sylvaj41Tb. 

lamLXJCCXTB. Syn. with Vivianitr. 

MU&TZBBXBB, or Galvano?mUr (.see Ei.kctkicity, ii. 443). 

M UWJB BT. Riihia — This plant, also called Hast Indian madder^ is 

extensively cultivatt*d in India, its root being used as a dyestidl* for j»roducing eoIi>nrs 
Biinilar to those obtained from ortlinary madder. The colouring irtuttei*H cuntnined in 
it are, however, by no- means identic.il with those of wminon madder; in fact, 
8ten house has .shown that it contains no alizarin, but that its colouring matter is a 
mixture of purpurin and an orange-dye, cjilhsl m unj is t i n (see tlie next article). The 
colours which it produces are brighter tlniii those of ordinary imulder, hut not so 
duniblc. 

The tinctorial power of raunjeet w'as first exainintsl by Rungein 1835, who rej>ort4Hl 
that it contained about tw'iee as much available colouring mattiT as ordinary madiler; 
but subsequent experiments, both by German ajid by Rngli.sh dy«Ts, have sliown that 
this result was incorrect, ami tliat the colouring power of munject is actually much 
less than that of ordinary nuuhbr. 

The actual amount of colouring matter in munject is imhasl very nearly the same 
ns in the best imuhier. Stenhouse finds that llie garaiiein from iminjeft has about 
half the tinctorial power of that made from the laist nnnlder, viz. Naples r(K)ts ; tlieso, 
however, yield only about 30 to 33 j»ercent. of garanein, whereas nmn jeet, neeording to 
the experiments of Mr. Higgin of Mancliester, yields from 52 to 55 j)er e< nt. 

1 he inferiority of niunjoet as a dyestuff rfwiilts from its confaijiing only the com- 
paratively feeble colouring mattiTs purpurin and inunjistiji, only a small part of the 
iatt<T being available, while its pnfsi'iiee in largo <|uantily apj)cars to be positively 
injurious; so much so, indeed, that munjeet-garancin, freed Ity boiling water from the 
gr(‘ater part of the raunjistiu which it contains, yields much richer slnwles with 
alumina-mordants Uian before. (Stenhouse, IVoc, Roy. Sth*. xiii. 148.) 

MTCm JXSTZBT. C"ll*0*. (S ten house, Proc. Roy. 8oc. xii. C33 ; xiii. 86, 145.) — 
An orjinge colouring matter contained, fjOgethcr w’ith purpurin, in intmjeet or 
Indian madder. It is ntwirly related in com|>osilion to purjmrln, C^IPO^ and alizarin, 
differing from tljo former by I at. ami from the latter by 2 at. carl»on. It 
exists in munject in considerable quantity, ami may l)e extracted by the following 
process : — 

Each pc-und of munjoet in fine powder is Ixuled for four (^r five hours with 2 f>onijds 
of sulphate of aluminium and about 16 prmnds of water, the operation being repeated 
two or three times; the red liquor thus obtained is strained through cloth filters while 
still very hot ; and the clear filtrate i.s saturated with hydrochloric acid, whereby a 
bright-red precipitate is soon produced, which g<)es on increasing in quantity for 
about twelve hours if the liquid is left at rest. This precipitate is collected on cloth 
filters, and washed with cold water till the greater part of the acid is removed ; then 
dried, pulverised, and digested in a percolator with boiling sulphide of carI>on, which 
dissolves the crystallisable colouring principles of the munject, and leaves a c^>nsideniDlo 
quantity of iirk-coloured resinous matter. The excess of sulphide of carbon liavlng 
I>een removed by distillation, the bright-red exfra^rt, consisting chiefly of a mixture of 
munjistin and purpurin, is repeateiuy treated with moderate quantitwrs of boiling 
water and filtered, tbe clear yellow filtrafo consisting of a solution of munjistin, while 
nearly all the purpurin remains on tbo flUer, The solution acidulatefl with hydro- 
chloric or sulphuric acid deposits the Jtttttyistin in laige yellow fl«jcks, which aro 


chloric or sulphuric acid deposits the Jtttttyistin in laige yellow fl«jcks, which aro 
slightly washed on a filter with cold iHitci*, then dried by pressure, and dissolved in 
bouing spirits of wine, slightly acidakted with hydrochloric acid, to remove imy adher- 
ing alumina. As the munjistin does not subside from cold alcoholic solutions, even 
when they are largely diluted with water, about three-fourths of the spirit most be 
distilled oft, after which the muiyistin is di^sited in large yellow scales. By two of 
three crystallisations from spirit, in this manner, it may be rendered perfretly pure. 
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matter of munjeet may also be extracted by boiling solutions of alum ; but sulphate 
of aluminium is better adapted for the purpose, as the alum, by its tendency to crystal- 
lise, greatly impedes the filtration of the liquids. E. Kopp's process with sulphurous 
acid (p. 749), is not applicable to munjeet. 

Properties. — Munjistin crystallises from alcohol in golden-yellow plates of ^eat 
brilliancy. It is but moderately soluble in cold, but dissolves pretty readily in boiling 
water ^ forming a bright-yellow solution, from which it is deposited in flocks on cooling. 
It dissolves to some extent in cold but more readily in boiling alcohol^ and is not 
precipitated therefrom by •water. It dissolves, with bright-red colour, in aqueous 
carbonate of sodium ; with anwwnia, it forms a red solution, having a slight tinge of 
brown ; with caustic soda, it produces a rich crimson colour. 

Munjistin, in some of its properties, bears considerable resemblance to the rubiacin of 
S c h u n c k (madder-orange of K u n g e, p. 74 2) ; but according to S t o k e s (Proc. Roy. Soc. 
xii. 637), the two substances are perfectly distinguished by the colours of their solutions 
in carbonate of sodium, when a small quantity only of each is used, the solution of 
munjistin being red inclining to pinkish-orange, while that of rubiacin is claret-red; also 
by tile absorption-bands which are seen on examining the spectra of these solutions 
(see Light, p. 638) ; both present a single minimum in the spectrum ; but while that of 
rubiacin extends only from about D to F, that of munjistin extends from a good way 
beyond D to some way beyond F. A further distinction is afforded by the characters 
of the fluorescent light of the ethereal solutions of these substances, that of rubiacin 
being orange-yellow, while that of munjistin is yellow inclining to green. 

Munjistin sublimes more readily than either purpurin or alizarin, forming golden- 
yellow scales consisting of the unaltered substance. Neither sublimed munjistin, 
nor that obtained by crystallisation from alcohol and drying in a vacuum, loses any 
weight at 100°. When carefully heated in a tube it melts, and crystallisc's again 
on cooling. When strongly heated on platinum-foil, it readily takfis fire, and burn.s 
aw'ay without residue. 

Munjistin dissolves readily in cold sulphuric acid, forming a bright-orange solution 
which may bo heated nearly to boiling without blackening or evolution of sulphurous 
acid, and on dilution with water, deposits the munjistin in yellow flocks appa- 
rently unaltered. 13y digestion with moderately strong niiric acid, it is converted (like 
alizarin and purpurin) into phthalic acid, C«1F0*, together with a small quantity of 
oxalic acid. ^ .... 

Bromine-water added to a strong aqueous solution of munjistin throws (lo^yll a 
pale-coloureil flocculent precipitate, which when dissolved in hot alcohol, yields tufts of 
crystals, evidently a substitution-product. ^ 

Barpta-water ioTcaH a yellow precipitate with solutions of munjistin. Act talc of 
copper forms a brown precipitate very slightly soluble in acetic acid. Act late of Un J. 
aoded either to the aqueous or to the alcoholic solution, throws down a bright-crimson 
precipitate, which when wa.sh‘Ml with alcohol and dried in a vacuum, contains, on tlio 
average, 34'8 percent, carbon, 19 hydrogen, and 48*5 lead-oxide i agreeing nearl}Msith 
the formula Pb"0.5C‘®H'“Pl/0«, analogous to that of the lead-compoimd of purpurin, 
Pb"0.6C‘®H‘“Pb"0“, described by Wolff and Strecker (see IHjrpuuin). 

Botli the aqueous and alcoholic solutions of munjistin, when boiled with alumma, 
form a beautiful lake of a bright orange-colour, almost the whole of the munjistin being 
withdrawn from solution. This lake i.s soluble in a large excess of caustic soda, pro- 
ducing a fine crimson solution. Munjistin dyes cloth mordanted with alumina a bright 
orange ; with iron mordant it yields a brqwnish-purple colour, and with Turkey-red 
mordant a pleasing deep orange. The.so colours are moderately permanent, and bear 

the application of bran and soap tolerably well. , , . . i 

When an amraoniacal solution of munjistin is exposed to the air, in a warm place, 
the munjistin is gradually but completely decomposed, the greater part being changeil 
into a brown humus-like substance insoluble in ammonia ; while the remainder fqnns a 
non-crystalline colouring substance, analogous to purpurei’n (the product forined in like 
manner from purpurin, ^'.u.), and capable of dyeing unmordanted cloth of a nrownisu- 
orange colour. 

TM C ffWT X ’B MSTAlj* An alloy of cop|>er and zinc used for sheathing ships, and 
for other purposes (see Coppbe, Aixoys op, li. 49). 

aCtntOHXSONXTS. A yellowish-grey or flesh -red variety of felspar from 


Heavitree, near Exeter. 

BKinUULflLir. Dialurimide (Laurent). — Discovered by Prout in 1818 (-Aum Ch. 
Phvs. xi. 48), who called it Purpuric add: further examined by Kodweiss (Pog|t. 
Ann. xix. 12), and by Liebig and Wohler (Ann. 01^ Pharm. It la 

formed by the decomposition of murexide by the stronger acids, sulphiwttM 
gen, or potash. It is obtained by adding sulphuric or hydrochloric to a boiiiiig 
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solution of mnroxide in water or potash: tho erystallino precipitata is purifiod by 
dissolving it in cijld sulphuric acid, and precipitating by M*utor; or by dissolving it 
in potash, and preoii'itating it by an acid. Jt is thus obtain'd as a heavy whits 
powder, lustrous like iirainil, infu.sible, tasteless, and di>es not rt'dden lit mil* It 
turns red in air containing ammonia. It is almost insoluble in eold waUr^ re- 
<pnnug more than 10, 000 pis. : insobible in aleolml, ether, <lilute sulphuric, hydro- 
chloric, or phosphoric acid, or in aqms.ms, acetic, tartaric, or citric aciil. It is soluble 
in cold strong su/jthKne acid, and reprecipitntcvi by water also in aqueous 
w'ithout neutralising them, forming solutions w’hich are colourless when air is ex- 
cluded. 

Murexan is deotunposed by drjt/ distiilaffon^ yielding cyanic acid and other products. 
It is dissolved and decomposed by ch/urinc-wafer, without yiehling cyanic acid. 
Wlien heated with sti>)ng riiiric acid it is dissolved with efterveseence, giving off 
nitrous and carbonic anhydrides, and yielding on evaporation crystals of oxalate of 
murexan (Kodweiss). When heated with ,sidpfiuric acid, it <‘Volves carlnmic unity- 
dride and a little nitr«)gen, and forms a brown solution, containing ammonia, and not 
pr«'ci})itJiblo by water. Its ctdourlcss solution ui amtnonia turn.s purple whoa ex- 
posed to the air, and on eva[)oration yields crystals of murexide : 

C“H'NH3« 4- O -s Nil* = + JPG. 

Muri‘Xrtti. Murvxldt'. 

The purple .solution is decolorised by ex[x>suro to oxygen-gas, oxahirate of ammonittm 
being formal. 

Under certain circumstances murexan appe.ars to combine with acids. It dissolves 
in warm dilute nitric acid without etfervesconee, and yirlds on evaporation small 
rhombohedra, whicli appear to be nitrate of murexan. Win n dissolvetl in oauilic add 
containing a little nitric tnud. or wlien heated with strong tiilric sudd, it yiidds crystals 
by evaporation, which, accordingto Kodweiss, are oxabit*’ of murexan. 

The comj>osition of murexan is very variously .stated, 'fhe analyses of Liebig and 
Wohler, and of Kodweis.s, yield very conflicting results: thi> former agw'cs tol<T- 
ai‘ly w'ith the formula C^H^N^O**, whi<‘h is accordingly adopt <'<1 l.y L i e b i g and W d h I c r. 
(ierhardt {Chim. oiy/. i. IdlT) exmsiders murexan as identical with dialuramide, 
CMPN*0*: a view which is advo<‘atcd by Jlei 1st ei n (Ann. Cli. J'harrn. evil. 191), 
according to whose analyses murexan contains 29dl percent, nitrogen, whieh Jigreea 
toleraldy with 29-38, the calculated percentage in (.’MPNH)*. (Jmelin adopts tin 
formula C^Il'NH)*, which gives percentages inlerrnediat<^ between the analyses, aii<i 
leads to the simplest equations. Laurent (('oinpt. ren<l. xxxv. 029) adopts the samo 
formula, and regtirds tho compound as dialuriinide- N.C“J1*'JSH)MI. 
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nCtramUDB. See PuttPunATKS. 

MITRBaLOZV. A prfKluet formed by the joint action of air and ammonia on 
amalic acid, and crystallising from warm w'uter or alcohol in vermilion -coloured 
four-sidtjd prisms, two faces of which reflect light with gold-^elhiw colour. The solu- 
tion of this cb!n[X)und resembles that of murexide, excepting that it is diM’olorised 
instead of being turned blue by |x>ta.sh, also by evaporation. When dried at 100®, 
it gives by analysis numbers agreeing appiMximately with the formula 
(Kochleder, J. p. Cbera. li. 398; Jahresb. 1860, p. 434.) 

MUSXACXTB. Syn. with A.huydiuib (i. 296). 

MCIIlftlATXC ACZB. The old namo of chlorhydric or hydrochloric add (I 890). 

MirmOllOMTlTB. A variety of ortbito {q. v.) trom Baden near Marienbeig in 
Saxony. 

MVSA. The ripe fruit of the Banana (Musa paradisiaca), grown in Bengal, con- 
tains, according to C or en winder (CompU rend. Irii. 781 X 78*9 per cent water, 4 82 
albumin, 0*2 cellulose, 0'63 fats, 19*66 cane-sugar and inverted sugar (together with 
organic acids, pectose, and traces of starch^ 0*06 phosphoric anhydride, and 0 78 
lime, alkalis, iron, chlorine, 8tc. The ash of the busk of the ripe fruit was ibund to 
contain 47*98 carbonate of potassium. carbonate of sodium, 26*18 chloride of 
Voi. III. 3 Y 
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pouumium, 6-69 alkaline phosphates (with a little sulphate), 7'SO chaieoal, 7-10 iim^ 

Bilicii, earthy phosphates, &c. ( = 100). /x-r.. 

In the milky juice of the flower-stem of tlie same plant, Comm lie (J. Pharm. [3], 
xUii.*269) found 25-27 per cent, potash, 9-52 soda, 15-85 lime, 5-00 magnesia, 0-87 
alumina, with a trace of ferric oxide, 6*30 chlorine, 0 96 sulpbhric anhydride, 0 87 
phosphoric anhydride, 0-81 silica, and 34-17 carbonic anhydride (calculated from the 
bases). 

XMtUSCl^i:. Se(‘ Muscular Tissue. 

MUSCOVITE. Potash-mica. (See Mica, p. 1010.) 

MUSCUXtAR TISSUE. A. Striated muscles , — Voluntary Muscles,-- Muscles of 
animal life, — Muscles taking part in energetic movements. — These consist of parallel pri- 
mitive bundles of flbres bound together with fatty and connective tissue, the latter 
affording gelatin, not proper to muscular tissue itself. Each fibre may be considered 
as a tube consisting of — 1. A sheath or sarcolemma, resembling, physically and chemi- 
cally, elastic tissue; — 2. Nuclei, whose exact chemical composition is unknown ; — 3. The 
muscle-substance or fluid (semifluid) contents of the sheath, marked with tlie transverse 
gtrioe; — 4. Gramdes, &c., mostly fatty 5. Terminations of nerves &c. (?) 

The living fibre is contractile, and very extensible (sliglit but very perfect elasticity) ; 
its substance is transparent. When the nutrition of a muscle is arrested, contractility 
is lost, and the condition known as rigor mortis comes on. The fibre is then opaque, 
is shorter and thicker than during life, and has lost much of its extensibility. The 
peculi.ar rigidity thus brought about passes away as putrefactive decomposition sets in. 

The rapidity with which rigor mortis appears in the muscles of an animal, after 
Bomatic death, depends upon a variety of circumstances. An apparently identical 
rigidity may bo instantaneously brought about by plunging muscles in water or oil, at 
a temperature of 40'^ (for cold-blooded animals, 49^—50*^ for mammals, 53° for 
birds; Kiihiie, Myolog. Untersuch.), or by injecting into the blood-vessels various sub- 
stances, such as chloroform (Kiissmaul, Virchow Arciiiv. xiii. p. 289). Pigor mortis 
has been considered tis a species of contraction, the last vital eflbrt of the dying 
muscle,” or the natural condition into which a muscle falls, w'lien no longer sustained 
by life (Tladcliffe). It seems more probable, however, as will be seen below, that it 
is duo to a spontaneous coagulation of the muscle-substance. 

The reaction of the living fibre, when freed as far as possible from blood, is neutral 
or amphichromatic. After death, wdth the onset of rigor mortis, it becomes acid, and 
continues so until changed by ammoniacal compounds generated in putrefaction. Tho 
acid is probably formed first in the interior of tiie fil)r(', for the natural surface of the 
muscle remains neutral the longest; and if it be due to any process of oxidation, tho 
oxygen must be furnished by the muscle-.substance itself, since the presence of external 
oxygen is wholly unnecessary. The reaction cannot be attributed to the acid phospliate 
of potassium, for the mark on litmus is permanent, which in that case it would not be. 
It is generallv supposed to be due to lactic (sarcolactic) acid. When rigor is artifi- 
cially produced by a temperature of 40° (frogs), the reaction at the same time 
becomes acid. When muscles, however, are plunged into water at 75°, they coagulate 
immediately, with a distinctly alkaline reaction, and at intermediate degrees Jire 
neutral, with a tendency to acidity or alkalinity. The alkaline reaction at 75° i.s not 
due to any ilestruction of a temporarily formed acid, or to any neutralisation of it by 
tho alkali set free by tho coagulation of the albumin ; for muscles which Imve once 
become acid remain so, even w'hen immersyd for some time in boiling water. So also 
muscles coagulated by being plunged into alcohol remain neutral. There seems, there- 
fore, to be no causal connection lictwecH rigor mortis and the post-inortom acid reaction. 
(Du Bois-Reyraond, UnUrsuch, 1860, p. i.) 

Though rigor mortis may be considered as a sign of death, the injection of blood 
through' the vessels of a rigid limb will remove rigidity and restore contractility. 
(Stanniiis, Brown-Sequard). Kiihiie, however (op. cit.), denies that any such 
revival can take place when rigidity and acidity have fairly set in. The rigidity 
neverthele.ss may be removed by an injection of chloride of sodium, and Kiihno makes 
( Untersuch. uber Protoplasma) the interesting observation that the acid reaction dis- 
appears at tho same time ; and Preyer (Central-blatt. med. wissensch. 1864, p. 769), 
states that if a blood-injection follow the chloride of sodium injection, contractility- 
may be restored. 

The muscle-substance, whose fluidity is indicated by the wave-like phenomena of ita 
contractions, by its movement towards tho negative jwle during the passage of an 
electric current (Kuhne). and by tlie behaviour of living ^isites lodged withi^ tho 
sarcolemma, was supposed by B r u c k e, and has been shown by Kh h n e (op. cit.), to coi>- 
tain a b^y wht>8e spontaneous coagulation brings about the rigidity and opacity of the 
de^ fibre. If a frog be opened, a 1 percent, solution of chloride of sodium dnveu through 
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the bloiyl -vessels until all bhxid is n'niored, the muscles then rapiilly chopped up and 
subjected to firm prt'ssure, a liquid will be obtained, which in a short time seta into a 
firm coagulum, while the remaining fragments of muscle show a great lack of rigidity. 
In such an experiment, howeve r, mueli of the muscle-substance will, thrv^ugh lha treat- 
ment, be rendered rigi<l before tin* li<jui\l ean be expres-^tsl from it. In order to obUiin 
an aiB«_arit ('f coagulation sutlieieiit to justily the idea that the rigidity is due to a 
Oi>agulation of the musele-substains' itself, and* not of atiy lymph or ulasma bathing the 
fibres, muscles freed fiMin bh>od bv the injection of the ( I j'cr cent .'I solution of ehloride of 
sodium ari‘ froi**'!!, minutely divided, mixiNl wdth four times tlieir volume of snow contain- 
ing 1 j>er cent, of chloride of sodium, and tin- mas.s piilveri-w'd as far as possible. At — 
the mixtniv will iM'Cuim' snlVieit'iitly liqui*! f»> be filteretl thn>ugh lijien; at 0° it may 
be rapidly passtal thnnigh lilt« ring jmjHT, 'i'he filtrate then tipfvars as a slightly ojmi- 
lesceiU fluid, which, cxjHistHl to onliimry temperature, will speidily S('t into a c<)agidum 
so firm, that tlic containing ve.V'el may be turned over wifiioiit any fear of spilling the 
tsuiti-nts. At a teinjuratiuv of coagulation lakes plaee instantaneously. Uii 
standing tin* eoagulum euntraets. alter the fashion of a bloud-eh)t, bnt sliows a great 
tendeney to ll»e produetion of lloeksand Hakes, and leaves the Hurr<)uiuling liquid highly 
opaleseent. Adopting th<* j»hrastH)logy used in speaking of bhxnl, the llnid parts of 
muscle may be descrilx'd as forming a musele-phvsma, wliieh separal< s into iho iniisele- 
clot and innscle-.s<‘rum. 

The act of coagulation may fairly l»e supjHisM to be, like that of blood, the union 
into an insoluble eoini>«niiid of two soluble factors. Kiihne found that oik' of the 
faetors of blood-coagulation, vi/. globulin, increased and hasteui'd tlie eoagulatiou of 
innsele-plasma. The cause or deieriniiiiug cm^umstaiiee of t he eoagulat iou is un- 
kn-twu. 

M f/osin (the name given by K iihne to the inusele-elot ) is, whim tlioronghly wjished, 
eomj>le(ely neutral, forms when wet a whit«* mass of little transparency, when dry :i 
yellow horny subslano'. it giv«*s the usual protein reactions, and contains sulphur. 
.If is insoluble in water, alcohol, and ether, <‘\ceedingly soluble in vi'ry dilute acids, 
.and alkalis, and in .soliilion.s of neutral sails nl' all degn'es of comaMitnilion. In a 
10 per cent, solution of chloride of s<'dium it is ospeeially s.-luble, and rnayMty thid 
rn ans be exlraet<sl from muscles already <‘iiagulaled. (Hence in laine then* istilways 
to b<* found a considerable quantity of it.) If such a solufi(*n in chloricje of sodium bo 
added drop by <!nq) to distilled water, the myosin is preeijiif aletl in llak«*H or luirip.s, 
sometimes as little vesicles. The precipitate so fanned is unaltered myosin, and 
is readily rediss(*lved in tlie cldoride of Modium solution. Tie* pn fijiitato obtained, 
however, by tlic neutralisation of tlilnte acid or alkaline Solutionsof myosin is no longer 
myosin; it lias ehangisl in eharaeU'r, is no longer s(dublo in the chloride of sodium 
solution, an<l exliilats the reactions of syntoniii. 

In musele-senim (t)iai is, muscle-plasma minus ruusele-clot or myosin) Kiihne re- 
cognises at least three forms of allmmin: — 

1. An albumin whose coagulation depends in great part on the degree of acidity 

pnss« ssed by the serum. Jf abundanee of acid be present, e»)agnlafion will occur at ti 
temperature so low as lu this botly Jvuhno recognises tho mixture of j»otfissic 

albuminate and sodic pliospbate d«‘s«*rib(sl by Koliett, 

2. An albumin eoappilaling at -16"'. 

3. A large quantify of albumin coagulating at 7o®. There are also it) untouehtHl 
muscle other forra.s coagulating at 90^. The first form hod been previously recognistsi 
by Harless (Henle u. Meissnerhs Hericht, IS.W, p. 471), and w;u» regarded by him as 
the chief cause of rigor mortis. And even though the formation of myosin, which is 
quite independent of tlie formation of acid, be consitlered as the cliief part of rigor 
mortis, yet tlie suljaequent coagulation caused or favoured by the presence of the acid 
will undoubtwlly irier<*ase that condition. 

Before the resear(.*hes of Kiihne, mu«ele was considered to CDnsist of a small 
quantity of albumin mid of a large quantity of syritonin. Myosin is not the same 
thing as symtonin. Kuhne contends that syntonin does not exist at such in the un- 
touclied muscle, but is an artificial prwluct duo to the action of the dilute Rci<i on 
myosin and other albuminoid Ixidies. He attributes tli« rapidity of the solution of th« 
muscle-substance to the conjoined action of |K‘psin (the presence of which in musclea 
has lieen shown by Briicke), and affirms that a formation of syntonin always pr<x;edoa 
that of the peptones in every digestion of albumin, v. Wittich (Konigsberg. med. 
Jahrb. iii 210) also adopts the same view" (see Stmtostk). Hence muscle-fibrin or 
syntonin prepared by Liebig’s method would be Hoarded as consisting of myosin and 
the albumin coagulating at 30® ; rouscle-juioe as a mijiture of the other forms of albumin. 

The J/ear^ is singular in being an involunt^ muscle, and vet being composed of 
striated fibres. It is remarkable for contaioiDg inosite, which is not found in other 
tnuaciesl Tbs aleoholie extract exhibits that excess over the watery extract which is 
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characteristic of muscles actively exercised. Its reaction is the same as that of other 
striated muscles. (Du Bois-Reymond.) 

B. Non-striaicd, smooth muscles^ — Involuntary muscles^ — Muscles of organic life ^ — 
Muscles taking ‘part in slow Tnovenunts^ — Contractile fibre-cells. — These consist of long 
spindle-shaped cells, or riband-like fibres, inark(*d witli peculiar rod-like nuclei, and 
bound together with connective tissue, bloodvessels, nerves, &c. Greater difficulty is met 
with in the analysis of this variety, since the fibres are but seldom found in large 
isolated masses, and are much mixed up with other tissues. The “juice” is less in 
quantity and often mixed with other fluids. Lehmann found the reaction of the j nice of 
the muscularcoatof the pig’s stomach distinctly acid, that of the middle coat of arteries 
feebly acid, that of Tunica Dartos neutral {Lehrhuch, iii. p. 62). D u B o i s - R e y m o n d 
however, found the muscles of the gizzard of fowls and pigeons always faintly alkaline 
after death, as also the muscular coat of intestines and arteries of oxen. Schultze too 
(Ann. Ch. Pharm. Ixxi. p. 277) had previously observed the same reaction. Yet 
Siogmund (Verb. phys. med. Gesellsch. Wurzburg, iii. 50) discovered in the uterine 
muscles, acetic, formic, and lactic acids. From the smooth muscles a substance appa- 
rently identical with the syntonin of striated muscles may be obtained ; and since the 
former exhibit rigor mortis, they also probably contain a form of albumin capable of 
coagulating spontaneously. Schultze {op. cil.) obtained from the smooth muscles of 
the middle coat of arteries a large quantity (7 to 21 per cent, of total dry matter) of a 
substance which he believed to be casein. Creatine is found in small quantities. The 
proportion of potash to soda is much less than in striated muscles — 38 ; 62 in the 
muscles of the stomach, 42 : 58 in the middle coat of the arteries. This would seem to 
imply a great mixture of blood-serum. 

C. M^lsclcs of Inver tchrata. — These are in some classes striated (e. g. Articu- 
lata) ; in others, non-striated (e. g. Mollusca\ and yet more closely allied with the 
striated than witli the non-striated variety of vertebral a. 

They probably agree in their* main chemical feature with other muscles. Bernstein 
(Centralblatt fiir med. Wissensch. 1863, p. 437) found the muscles of the crab neutral 
or faintly alkaline when living, but becoming acid witli the onset of rigor mortis. He 
also obtained a spontaneous coagulation of the expressed muscle-juice. In bivalve 
muscles he found the foot neutral, the adductors always acid. Both gave a spontane- 
ously coagulating juice. 

Valenciennes and Fr6my (Ann. Ch. Phys. i. 129) found oleophosphoric- acid to 
replace the acid phosphate of potassium in the muscles of the crab, and in molluscs they 
ascertained the absence of creatine and creatinine and the presence of taurine. 

D. Frotoi^lasm'a, — Sa rcode. — Therbodies of many of the lower animals consist 
in great part-^ a semifluid substance, capable of peculiar movements. A similar 
matter is also found in vegt'table cells and in the cells of certain parts of animals (cornea, 
connective tissue). From the res<‘arches of Schultze ( Das Protop/asma) and K ii h n e 
(fjp. cit.) it appears that this protoplasm is contractile, spontaneously coagulating, 
and exhibits other relictions which bespeak for it a close alliance with muscle- 
substance. 

Metamorphosis of Muscular Tissue. — The chemical changes taking place in 
the living muscle, though most imperfectly known, may be generally described a.« those 
of oxidation. Living muscles consume oxygen and produce carbonic acid (Liebig, G. 
Muller’s Archiv. 1850, p. 409; Matt eucci, Compt.rend. 1856, i. 14 ; Val ontin, Archiv. 
Physiol. Heilk. N.F. i. p. 285); the excretion of carbonic acid is continued when the 
muscle is placed in hydrogen-gas. Products of oxidation of nitrogenous material 
are always present in muscle — creatine, creatinine, inosic acid (proteic acid), hypoxanthine, 
taurine, leucine, &c. 

On comparing the chemical composition of muscles at rest with that of muscles at 
work, it is found that by the act of contraction, the substances soluble in alcohol are in- 
creased and those soluble in water diminished (Helmholtz); the carbonic acid exhaled 
and the oxygen consumed are increased, the proportion of carbonic acid to oxygen 
being at the same time also increased (Matt eucci, Valentin, op. cit.; Sczelkbw, 
Zeitsch. nat. Med, xvii. p. 106) ; the substances given up to the blood are increased, 
(Cl. Bernard, Med. Times and Gaz. 1861, ii. p. 26); creatinine is increased partly 
at the expense of creatine. Heidenhain {Mechaniseke Lctstung, ^c., bei dtr MuskeU 
thatigki U) finds the amount of acid prcaluced to be proportional to that of the actual 
energy liberated during the contraction (Sarokow, Virchow’s Archiv. 28, p. 544). 
A muscle when tetanised becomes acid from a development of lactic acid (Du Bois- 
Reymond, op. cit.). It is uncertain whether this acid is a product newly formed 
or a permanent constituent temporarily increased in amounL Borszezow (Wurbui^f. 
natur. Wissensch Zeitsch. ii. p. 65) finds no lactic acidin Uving hearts; Folwarezny 
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(Henle u. M«*isjsncr, 1861, p. 295), however, finds it With regard to creatine, 
ISorszezow (o/). tvV.) believes that it is forintvi at the expense of ereatiuino, while 
Neubauer (/eitseh. analyt. Chem. 1863, p. 22) regards creatinine as an artificuil 
|.n>ductiou and no natunil constituent of muscle. • 

The position of the carbo-hydrab>s in muscle is a very unct^rtain one. In tlie musolea 
of t lie embryo, glycogen is found in abundance (Hern ard, Journal de rhysiolog. ii. 
]», 39; Kouget, ihut p. 333); in the musclt*«of adults, occasionally. (Mc l)onnell, 
Nat. Hist. Rev, iii. .'iMS.) 

Resides inosite, which existsin the muscles of the heart Meissner (Henle u. Meissner, 
1861, p. 295) has found in the mu.*<cles of the system, a fermentible sugar (not arising 
from food), whicli prtwnts, as he thinks, some dilferenci's from hepatic sugar, and is 
probably due to muscular metajnerjihosi.s. H arlev(nrit. For. Med. Chir. 1b*vit'\v, 1857) 
liud (Miauvcau (Gaz. Med. No, 28). however, find rea.son to believe in the destruction 
of .sugar in the systemic capillaries (and therefon* in part at least in th<^ mn.scles), 

Since exercise, cref’er/.s panhus, incrcast s rigormort is, it might be infciTcd that one at 
least of the factors of myosin was developed iluring muscular met.amorphosis. In tho 
g<‘m rally adoptisl views, the nitrogctious muscle-substance, the ‘})lastic’ ehunent^ ia 
bujiposed to supply by its conversitui the forccof muscular movements. Others (/rraube) 
have maintaiix'd that the bydnvarbons and carlsj-hydrates (of Idood an<l muscle) are 
to be regarded ns the main source of power. M. F. 

MTITSSXfA BA&IL. Thi.s bark, used in Abyssinia ns an ant belmiut ic, contains, 
according to Thiol (J. Pharm. {:>J xlii. 170), a sliarp-t.i.'iting colloidal substance calltsl 
mu.senin, soluble in water and in alcohol, insoluble in ether. 

MVSBirZTll. Cobalt-ptyrites from Museu, near Siegen, in Pru.‘<sia (i. 1050). 

MUSK. - An odoriferous resinous substance eontnimsl in a bag 

near the navel of the male musk-deer, a small animal inhabiting 'Pompiin ami Tliilal. 
>Musc occurs in eommerce in brownish rb»ls, otieii mixe<l with hair, sand, fat, and n^sins 
It has a bitter taste, a persistent odour, is very inflammable, ami partially soluble in 
water and in alcohol. According to an analysis by (ieigtT and Heiimmn, if contains 
in 100 parts, I T parts fat, 4 0 cholesferin, 5-0 bitter resin, 7'5 alcoholic <«x1imc( (lactic 
acid-salts), 36 5 salts solul)le in water (potash and ammonia, combined with a peculiar 
animal matter), 15'5 ammonia combim*<i with lactic acid and wafer, ami 0'4 sand. 
(Pelouzo ct Freiny, Tratfe, vi. 240, *See also f/VeV of Aria, iii. 211.) 

MXrS8EX.-SKSZ.X.S. See Snm.i.H. 

2MnJS8ZTX. Syii. with diopsidc or white augite (sec Auoitk, i. 475). 

MITBSOJrZTB. Syn. with Pahi.sitk. 

MITBT. The juice of the grape, expresMcd for making wine, but yet fermented 
(see W ine). 'I’he same tr-rm is also applied to the freshly-expresHea juice of apple, 
and pcar-<. previous to conversion into cider and perry liy f«*rnientaf ion. 

MirSTARB. d'be .seeds of black and white mustard (SmaptM mijra and »S’. alha), 
when givmml and sifted, furiii.«h the//owr of mnt^tard used as a condiment. 

Tile seed of white mustard yields an ash containing 2578 per cent, jiotasli, 0 HH 
so.la, 19 10 lime, 5*90 magmsia, 0 30 ferric oxide, 2T9 sulphuric anhydride, P31 
silica, 44‘97 )«hoHphoric anhydride, and a trace of chloride of sodium: 100 partu of 
the fresh seeds yielded 4 07, and 100 }>arts of the dried seeds 4 15 jiarts ash ; 100 
])arf.s of the air-dried seeds were found to contain 8 50 parts rnoisfuro and 1‘212 
parts sulphur. (Way and Ogstoii, Jahresb. 1H50, Table R, p. 660.) 

XHIXBTAKB* OZ3UB OF. a, Fisrd OUh. Wiiite mustard-seed yiebls by pressure 
about 36 jM-r c ut. of a yellow nearly inodorous oil, which h.is a specili(! gravity of 
0 9145 at 15®, and is not solidified by cM>ld. Wlien HH[>onifiwl with soda, it yields 
glycu'rin and a soap which is perfectly soluble in water, and wh<^n decomposed by 
hydrochloric acid, yields a solid crystalline acid, called erucic acid (ii. 501), and an 
oilv .'leid liaving nearly the composition of oleic acid. 

Rlack musUrd-seed yields 18 p<*r cent of an oil similar to the precwling, having a 
density of 0'917®, but solidifyingat temperatures below (y\ According to Darby (Ann. 
Ch. Pharm. Ixix. 1), it yields by sajiunificat ion, stearic acul, crucic acid, and an oily acid, 

/8. Volatile Oil. When the flour of black mustjml, after Wing free<i l>y pressure 
from tho fixed oil, is moistened with water, left to itwdf for i^veral hours, and then 
distilled with water, it yields a very pungent volatile oil, having the propriics and 

composition of salphocyimate of ally), C*H‘lfS - It •" -specially distin. 

guisbed by its behaviour with ammonia, with which it immediately uniU*M, 
ing crystalline thiosinnamine nr aulphocyanato of allyl*ammonl«in, 
H^C?*Ii*)N.CNS (seo SoitPaocYAKrc F:THEiis). 
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This volatile oil does not pre-exist in the seed of black masM, butisprodwei 
fmmmvTonii acid (p. 1073) contained in the seed, under the wduence of iraterand 
a neculdr ferment called my rosin (p. 107 o), likewise existing therein. Accordingly, 
it 18 not produced unless the mustard-dour is macerated with water for some time 
previous to distillation. Its formation is likewise prevented by drying the dour at a 
high temperature, or by heating it with alcohol or acids, as by these processes the 
myrosin is rendered inactive. 

The quantity of volatile oil obtained from black mustard is but small, amounting to 
only 0*2 per cent, according to Boutron and Kobiquet, 0*55 per cent, according to 
Aschoff, and 0*5 per cent, according to Witts toe k. 

White mustard does not yield any volatile oil, because it does not contain myronic acid. 


MYCI^OCILOlirB. Syn. with Cerkbeote (i. 830). 

IWIYCODBRMA. A generic name of the fungi (also called Torvula), which, 
according to Pasteur and others, are essential to the processes of vinous and acetous 
fermentation. See Pasteur (Bull. Soc. Chim. de Paris, 18G1, p. 94; Jahresb. 1861, 
p. 726 ; Compt. rend. Iv. 28 ; Jahre.sb. 1862, p. 475) ; also the articles Fermentation, 
VINEGAR, and Wine, in this Dictionary. 


MYCOMEBXC ACX1>. AUoxenidr (Laurent), AUoxanamiiU (Gerliardt), 
C‘H^N‘‘0%AH“0. (Liebig and AVdhler, Ann. Ch. Pharm. xxvi. 304.) — When 
aqueous alloxan is lieated gently with ammonia, it becomes yellow, and on cooling 
deposits a yellow transparent jelly of mycomelate of ammonium (see Alloxan, i. 137), 
from the hot aqueous solution of which salt sulphuric acid precipitates mycoinelic acid. 
When freshly precipitated, it is transparent and gelatinous ; but when washed and 
dried it is a loose yellow powder, which reddens litmus. It is scarcely soluble in cold 
water, more soluble in hot; insoluble in alcohol and ether; soluble in alkalis with- 
out forming cry stall isable. salts *. its solution in potash is decomposed by boiling, with 
evolution of ammonia. It decomposes alkaline carbonates. 

It is a monobasic acid. The only mycomelate known, bc'side the ammonium -salt, is 
the silver-salt, which is precipitated in yellow flakes wlien the ammonium-salt is added 
to nitrate of silver. 

According to Liebig and Wohler’s analysis, the acid retains its J atom of water 
when dried at 100°. Gerliardt {Traite, i. oil) n'gards it as alloxanamide (alloxan 
+ 2NII^ — 2IPO): Laurent (Compt. rend. xxxv. 629), as alloxanido (alloxanic 
acid + 2NH^ - 3IPO). 

According to II Iasi wetz (Ann. Ch. I’harm. ciii. 211). mycoinelic acid is formed 
when uric acid is heated with water to 180-190° in a closed vessel. F. T. C. 


IVIYCOSS or TREHAXiOSE. C'‘‘ir’*()". — Wiggers in 1833 (Ann. Ch. Pharm. 
i. 173), observed in ergot of rye a peculiar kind of sugar, which was more exactly in- 
vestigated in 1857 by Mitseherlich {ibid. evi. 15), who designated it a.s myeose. 
Berthelot in the sumo year (Ann. Ch. Phys. [3] liii. 232, Iv. 272, 291), obtained 
from trehala-manna, the produce of a species of Kchinops, growing in the East, a sugar 
whicli he called trehalose, and at first regarded as ditferent from my cose ; but on 
furtbor examination he was led to infer that the two are identical. (See Gmeliii's 
Handbook, XV. 299-301.) 

Mycose is obtained from ergot of rye by precipitating the aqueous extract of the 
funt'us with biwjic acetate of lead, removing the lead from the filtrate by sulphydric acid, 
evaporating to a syrup, and leaving the liquid to crystalii.se. Trehalose is obtained 
from trehala-manna by exhaustion with boiling alcohol. 

Mycose (trehalose) forms shining rhombic crystals, containing C‘*H220*'.2H*0, 
whicli melt when quickly heated to 109^1 but if slowly heated give off their water 
even below 100°. It has a strongly saccharine taste, dissolves easily in vjater and in 
boiling aloohoi, but is insoluble in etficr. The aqueous solution is dextro-rotatory. 
For trehalose, Berthelot found [a] = + 199° (for C‘‘H‘’'‘*0".2H*0); the specific rota- 
tory power of mycoso is, according to Mitseherlich, [a] — + 192*5°. 

By several hours boiling with dilute mdphuric acid, it is converted into dextro- 
glucose. With strong nitric acid it forms a detonating nitro-corniiound ; h^ted with 
dilute nitric acid it yields oxalic acid. In contact with yeast it passes slowly and ira- 
perfeetly into alcoholic fermentation. It is not altered by boiling with alkalis, and 
does not reduce cuprous oxide from alkaline cupric solutions. Heated with acetic of 
butyric acid, it yields saccharides, not distinguishable from those which are formed 
in iike manner from dextro-glucose (ii. 854, 859). 

MYSZiXir. A kind of kaolin, found at Kochlitz, of a yellowish or reddish colour, 
and containing, according to Kersten, 37*62 per cent, silver, 60*50 alumina, 0.82 mag- 
nesia, 0*63 manganic oxide, and a trace of ferric oxide. 

The name mycliii is also applied by Kirchow and Ben eke (Ann. Ch. Pharm, 
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cxxii. 249) to a peculiar fatty substance obtained by eva}>oratinp; t he alcoholic extrafll 
of hard-boiled yolk of egg, brain-substance, cry stallnie lenses, and other animal tUfiues, 
This substance — which is especially characterised by shooting out into peculiai* spiral 
threads, or loops, when immers<‘d in water or in a tkduiion of sugar -is found, acconling 
to Benoke, in some of the lower animals in Ihlix Vomatio^ p. HO), and likewise 
in plants, viz. in young chlorophyll, in some flow*‘r-8talks, in certain s»^etls, es^iecially 
ill [>ea8, and alw^\y 9 accompanied b}' cholesteriu. (Jahri'sb. ISO'i, p. f)07.) 

MmXCA-TAJLlbOW. Mt/rth-wo ^. — A solid fat, obtained by pressing the 
berries of cerifi ra (or M, 'cordiJoUih .lohn) with waiter. It is pale-green, trans- 

lucent, brittle, and triable in the cold; of splintery fracture, less extensible wlien warm 
than Iveesvvax; lm.s an aromatie taste and odour. Spccitie gravity 1 005 (Moor<\ 
.Sill. Am. J. 12] xxxiii. lid). Melts at 47" to 49" (Moore). When purified by 
tr(‘at)nent with boiling w'ater an<l eohl aleoliol, it melts at 47 ’5", and contains 74 05 pef 
cent. C, 12 07 H, and i:i-70 O (Bewy, Ann. Cli. Thys. [Hi xiii. 4 IS), It (‘onUiuM 
a large quantity of pMinitie and a small quantity of inyristie acid, tor the most part in 
the free slate, but to a smaller extent combined with glycerin ; no ol('ie nor any volatilo 
acid. (Moore.) 

It dissolves in 20 pts. of hot alcohol, a portion (palmifin, acconling to Moore) rC’ 
niaining, liowever, undissolved, ami on «:sx>ling ? st*parates out; the si>!utiou, ti>rmou 
with aid of heat, S(didities on cooling, and when perfectly cold is no longt*r pree.ipi 
table by \vat(‘r. It is nearly insolnblt* in cold «*ther, but dissolves in 4 j>ts. of boiling 
ether, the solution, as it eo<ds, depositing the gn'ater part of the talhnv without colour, 
and itstdf retaining a fine gnaui ecilour. (’old oil of tiirpcuiliiie softens, and hot oil of 
turp<‘nt itio dissolves pt. of it , t In* solution on ct)oling deposit i ng whit «; opaque granules. 
It likewise dissolves easily in fixed oils. 

MYRZCXir. (Brodie. Ann. (Mi. JMiann. Ixxi. 214).-— 'Phe p(^rtion of beeswax 
whieli is insoluble in lioiling alcohol. It is pn-parcil jjy exhausting beeswax with 
boiling alcohol till the aleoholie Inpiid no longrr gives a j.reeipifafe with acetate of lead. 
M'he rnvricin thus obtained melts at (II", and has a faint waxy odour. It eonnists 
chiitly of palmitateof myricyl, (J"‘H‘’‘()* ( ""'H'*' /( H ; and by dissolviug it 

in ther, and leaving llio solution to < vaporate, the palmifale of myrieyl is oliluinetl in 
light plumose crystals, melting at 71 ■5'^ or 72", ami easily sup"nifi<‘d liy j)otush, 
es[>ec.ially in aleoholie solution, yiililing j)almitic jiei«l and liydrafc' ot myrieyl. ( rud<' 
myriein yields, by saponifieat ion, tin- same ])roduets, together uifh fimall (piantilies of 
aiiot her aeid, and a neutral sulislam'e n*semblirig livdrale of eeryl (i. ( rude 

myriein yields by dry distillation a number of fatly acids, of whieli palmitic aeid forms 
the large.st portion, fogeflier with solid and liquid liydnjearbons. (Sei* Mki.knk, p. 8(IK). 

Mnr&ZCT]b« BTB&ATZ2 OF. ulcofud, MrhusinX'^W'O jj j 0. 

<Brodio, Phil. Trans. 1848 ; Ann. (Mi. IMiarm. Ixxi. 1 1 1.) This compound, which is 
the hlgliest known aleohr)! <,( the s«’ries, (/’“I! is obtained by tin- action of nn lling 
potash njion myriein. On <li‘<s<»lviiig the prodm't in wafer, preeipifaling the milky 
liquid, wliieh contains the alcohol in suspension, witli ehlorido of liarium, exhausting 
the precipitate w.th other, and leaving the solution to evaporate, hydrate of myricyl is 
dejxisited, and may be purified by crystallising it from ether, till it melts at 85 '. A 
go<>d mode of purification also is to exhaust the preci|>itate with l>oiling alcohol, and 
di.‘«solve the sulistance wMiich is deposite d from the alcoliol in rock-oil or rei’titicd, coal- 

The mother-liquor then retains in sodufion a small quantity of another substam^ 
which melts at 72'-^ and gives by analysis the same riumbers as liydrale of myricyl. 
Bnxlie supposes it to be an alcoliol of similar constitution. Win n treated with potash- 
lime it yields an acid containing 6'* W'(A(?) , . • 

Hydrate of myricyl is a crystalline substance having a silky lustre, Jt contains, ac- 
cording to Brmlie’s analysis, 82*02 — 82*77 per cent C, and l.j*97 H 25 Ii. (calc. 
83*19 0, 14*16 H, and 3 06 0.) , , . i • «.i 

When subjt'cted to dry dlutiVation it paHly sublimes unaltered, and is partly 
resolved into water and a solid hydrocarbon (rneb*iie, p. 868). Ib afed with jM/tmK- 
li/m it giren off hydrogen, and is converpxl into melissaUf of fKitassium : 

C”H«0 + KHO « C«H«’KO* + H*. 

With strong wJiphuric acid it forms acid sulphaUi of myricyl. (’hlorine convert* it 
into a resinous body (cfdorofnelalh wl.ich gives by analysis numbers corrcipondtng to 
the formula C-H-KHn-K). 

imusno ACZB. |o. (Playfair, m. Mag. [3] xvUi. 

202* Ann Ch. Pliarm. xxxrii. ir>3.--Hcinbz, Pogg. Ann. Ixxxvti, 267 ; xc. 137 
xcii.’429 and b^.Summary of th^ Ucsalis, J.pr. Chem.Uvi. 1.— t rieocohca, Ann. 
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Ch. Phann. xc. 369.— Schlippe, iUd. cv. 1.— Oudemanns, J. pr. Chcm. Ixxxi. 366 
and 367. — Om. xvi. 209). 

This acid was discovered by P 1 a y f a i r, and obtained pure by H e i n t z. It occurs, as 
myristin (myristate of glyceryl), in nutmeg-butter (Playfair), in otoba-wax (Uri- 
coechea), in dika-bread (ii. 330), amounting to more than one-half of the fatty acids 
contained therein ; also in small quantity, together with many other fatty acids, in 
cocoanut-oil (Gorgeu, Ann. Ch. Pharm. Ixvi. 314), in common butter (Heintz) ; in 
croton-oil (Schlippe); and in combination with ethal, or an palogous body, in 
spermaceti (Heintz). According to Heintz and S charting, it may be produced 
artificially by heating ethal with potash-lime ; but its formation in this way is doubtless 
due to the presence of methal or myristic alcohol (p. 1072) in the ethal employed. 

Preparation, a. From Spermaceti. — When the fatty acids obtained, together with 
ethal, by the saponification of spermaceti, as described under Laubic Acm, (p. 474), 
are dissolved in alcohol, a mixture of palmitic and stearic acids crystallises on cooling, 
while a portion of both these, and the whole of the myristic and lauric acids, remain in 
solution. By fractional precipitation with acetate of magnesium (at last, in presence 
(if excess of ammonia) the alcoholic solution is again divided into two parts, the stearic, 
palmitic, and a portion of the myristic acid being thrown down as magnesium-salts, 
while the lauric acid and the rest of the myristic acid remain in solution. 

Treatment of the precipitated magnesium-salts. — The magnesia is se^parated from the 
fatty acids by boiling them with dilute hydrochloric acid ; the melting-point of each 
portion of acid so obtained is determined ; and those portions which mc^lt nearly at 
the same temperature, and do not differ essentially in their mode of solidifying, are 
mixed together. When, now, the mixture of acids is repeatedly crystallised from 
alcohol, and the melting-point of the crystallising portion determined every time, 
several successive crops of crj^stals are obtaim'd from e.-ich mixture. These are to be 
considered pure: — 1. When their melting-point remains the same after repeated crys- 
tallisation; 2. When they solidify, on cooling, in crystalline scales; and 3. When, on 
fractional precipitation of their alcoholic solutions with acetate of magnesiiim, portions 
having one and the same melting-point are obtained. The several portions of the 
same acid show also, when pure, the same melting-point after being mixed together as 
when separate. Sometimes, especially in the preparation of myristic acid, it is neces- 
sary to subj(*ct the single crystallisations anew to fractional precipitation, and to 
repcait the above treatment and examination of the magnesium -salts thus obtained. 
(Heintz, Pogg. Ann. xcii. 429.) 

In this way Heintz obtained, by the first precipitation with acetate of magnosinm, 
nineteen magnesium-salts, from each of which he separated the acids. He mixed 
together the first six portions of acid, the melting-points of which varied from 42*7‘^ to 
46°, allowed them to separate from alcohol, and repeated the crystallisation fourteen 
times: but ev(*n the last crystallisation proved to bo a mixture of palmitic and stearic 
acid-s, and in no case wuh a pure acid obtained. By precipitating the mother-liquor 
fron/the first nine crystallisations in seven portions with acetate of magnesium, he 
succeeded in obtaining, from the first, second, and thiitl portions, after eight or nine 
times repeated crystallisation, pure, or nearly pure, palmiticacid. The fourth and 
fifth portions, yielded by seven times repeated, the sixth and seventh by three times 
repeated crystallisation, myristic acid melting at 537, which showed the above 
simis of purity. Of the remaining acids of the nineteen magnesium-salts, the seventh 
and eighth portions did not yield a pui-e acid by repeated crystallisation, but were 
riicogiiised as mixtures of xialmitic and uiyristic acids. The 9— 17M portions vr eve 
mixed together. The part which first t?eparat(‘d from an alcoholic solution did not 
yield a pure acid on repeated crystallisation ; after returning it to the mother-liquor, 
therefore, a portion of the acids present was precipitated by the addition of a little 
acetate of barium. The filtrate mixed with water deposited, in the cold, crystals 
melting at 63*8°. which yielded, on r(‘orystallisation, pure myristic acid. The acid 
scparattHlfi-oin the dqhteenih and wf m/f' A proved, after three crystallisations, 
to bo also myristic acid. The quantity of myristic acid obtained from spermaceti 

V'Vwm common huiter. — The mixture of acids obtained by saponifying butter and 
dec(imposing the soap, is freed from volatile acids by boiling with water, and from 
oleic acid by treating the lead-salt with ether, afterwards di.ssolved m al(»hol and 
allowed to crv stallise. After removing by recrj’Stallisation as much of the acid present 
as can be obtiuned with a melting-point of 66° or 67® (containing palmitic and steime 
acids) the collected alcoholic mother-liquors are subjected to fractional precipitation 
with acetate of magnesium ; the myristic acid is thrown down in the last portions of 
the precipitate, and may be obtained therefrom by rocrystallisation, removing, if 
neceiaryf the substances at first precipitable by aceUte of barium. (Heintz.) 

7 The acids obtained by the saponification of dika-fai yield mynstic acid on repealed 
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crystHllisation from alcohol, while a second portion of the acid, together with lauric acid, 
remains in solution. This hitter portion may he recovered hy precipitating the solution 
in several parts with acetate of magnesium, separating the^magnesia, and crystallising 
the separate portions of acid until the melting point rises to 611*8®. (Oudemanns.) 

5. From Mt/Hstin. Playfair saponifies the myri.stin of mitmeg-hutter M’ilh strong 
caustic potash ; washes the soap re[>eate<lly with solution of common salt ; and after- 
wards decomposes the hot aqueous solution with hyilnx’hhw^c acid. The aeid, whieh 
separates as a colourless oil, soli<lifying on cooling, when freed from all traces of hy- 
dmchloric acid by washing with water, yields, on repeated crystallisation trom alcohol, 
Playfair 8 rayristic aeid, having a melting-point ot 19*8® (impuir, tluM’ifore, and con- 
taminated with an acid containing a smaller proiH^rtioii of carl)onh (11 ci ntz.) 

e. By sapoiiif^’ing /<//', acids are obtaiiual, from an alcoholic .solution of whieh 

acetate of magnesium precipitates only, or ehietly, inyri.stic acid, while oleic acid 
remains in solution. (Uricoeeh ca.) 

Properties —My ristlc acid forms white, shining, erystnlliiie lamiiue, resembling 
jmimitic acid. It has an aeid reaction, is perfectly insoluble in trnfn\ but dissolvi's 
lasily in hot crystallising on cooling; it is pcrfirtly insoluble in ethir. It 

melts at 53*8®, and solidifies on cooling in crystalline scales, (lleiiilz.) 

Tajjlb of the Melting-points of Mixtures of Lauric and Myristic Adds, according to 

lldntx. 


A mixture of — 




Mvrutic 

Mcia. 

I.niiric 

acid. 

Meltc At 

At 

Modi* of Bolldirv'iviK. 

90 

10 

.01 *8® 

47*3® 

Crvslnlline scales. 

80 

20 

49*6 

44*6 

Very fine erystalH, not distinguish- 
able aa either netslh's or scales. 

70 

30 

43*7 

39 

Ditto ditto 

60 

40 

43 

39 

lincrystalliscd, *w*ilh isolated lus- 
trous spots. 

60 

60 

37*4 

36*7 

Large erystalline laniinie. 

40 

60 

36*7 

33*6 

Uiieryslalliscd, w'itli isolated lus- i 
t rolls spots. 

30 

70 

3.0*1 

32 3 

Uncrystallised, w'avy. 

20 

80 

38*6 

33 

Ditto ditto 

10 

90 

41 '3 

36 

(>y st alii ne need les. 


It will be observed that when the lauric a<'id amount to 40 p<‘r cent, or more, the melt- 
ing-jKMiit of the mixture lies below that of either constitui nt. This is genemlly the 
ease in mixtures of fatty acids, when the quantity of the more fusible constituent 
exceeds a certain portion of the whole. 

J)ecompositi(ms.--\. Myristic aciil subjected to dry distillation, is partly decomnosed 
and partly volatilised unaltered.— 2. On l^oiliiig with nitric add, a [mrl- is eon verUul into 
soluble products, with evolution of red vapours, the remaining uniliHSf>lved |K)rtion 
behaving like unchanged myristic acid (PI ay fair).- 3. By the dry distillation of the 

e ilcium-salt,myris1onei8produced(Overbeck). - 4 . AmixLimn.finyriHtateaiidfonnato 

of calcium yields a repulsive-Hmelling oil, which deposits a small quantity of a so id 
product. This lust, purified by retTystallisafion, fonus sinall, white, crystalline scab's 
containing a larger proportion of carbon and hydrogen than would he contained m 
nyristicaldehyde (Llmfwicht, Ann. Ch. Pharm. xcvii. 371).- A M^ristato of pot^ 
slum heated with oxychUmdc of phr,sph,rus, yields myristic anhydride; with cfdoride 
nf benzoyl, l>enzo.myristic anhydride. (Chiozza and M alcrba.) 

Mybmtatks.— Myristic acid is monobasic, the general formula of the myristates 
l>einiz C'*H*’MO* or C**H**M"0\ accrmling as they contain mono- or di -atomic metals. 
The myristatos of the alkali-metals are not dcoomposcid by water (like the atearatea) 
with formation of acid salts. (P 1 ay f a i r.) 

Mvristate of Barium, is obtained from chloride of banum and 

invriLta of potassium by double decomposition (Playfair). Heintz prmpitatci hot 
alcoholic mvmtic acid with a hot concentrated aqueous solution of acetaU* of Imnum, 
washes the precipitate with weak alcohol and hot water. Oudemanns precipitatea the 
Jramonia acid with chloride of barium. It is a very light m stalline nowder, eon«sUim 
of thin microscopic nacrcsnui laminie. It U very shgntly soluble in water SQp 
alcohol, and decomposes befuW' melting. 
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3fyri8tate of Copper, is obtained by precipitation, as a very Ji^ht, 

loose; bluish-green powder, consisting of nucroscopic needles. It becomes deeper- 
coloured when heated above 100^, and cakes together before melting. 

A/prisilaJe of Lead, C^*^n^‘Pb"0\ obtained by precipitation, is a white, loose, 
nmorphoiis powder which melts at 1 00° — 1 20°, and solidifies on cooling, in a white, opaque, 
amorphous mass (Heintz). An aceto-myristate of lead, C^H®Pb''0^.4C^®H*‘‘Pb "0^ 
is obtained as a heavy white powder, insoluble in water, by heating myristin for several 
days with basic acetate of lead. 

Myristate of Magnesium. — Myristic acid, to which ammonia 

and sal-ammoniac have been added, is precipitated by sulphate of magnesium, and the 
precipitate washed with water. Very light powder, consisting of microscopic needles ; 
becoming transparent at 140°, semi-fluid at 150°, and decomposing at a higher tempera- 
ture. The salt dried in the air contains 9*54 per cent, water (3 at. = 10'16 per cent. 
H'^0). (Heintz.) 

Myristate of Potassium. —Myristic acid is digested with concen- 

trated aqueous carbonate of potassium ; the product evaporated to dryness, and tho 
myristate of potassium extracted by absolute alcohol. It forms a white crystalline 
soap, easily soliible in water and in alcohol, insoluble in ether. (Playfair.) 

Myristate of Silver, C'HP’AgO^ is obtained by double decomposition, from 
the sodium-salt and nitrate of silver, as a white, light, amorphous powder, turning 
slightly grey when exposed to light. It decomposes above 100°, without melting 
(Heintz); dissolves in aqueous ammonia, and forms, by spontaneous evaporation, 
large transparent crystals. (Playfair.) 

Myristate of Sodium, C'^IP^NaO''^. — A boiling aqueous solution of carbonate of 
sodium, quite free from sulphate and chloride, is added in excess to boiling alcoholic 
myristic acid, and the mixture is evaporated completely to dryness in tho water-bath. 
The residue is then extracted with boiling absolute alcohol, and Altered boiling hot. 
Tho filtrate, which solidifies to a jelly on cooling, is liquefied by warming, and mixed 
with water in the proportion of one-eighth of the alcohol employed, whereby a mother- 
liquor is formed which takes up any foreign salts present. On again solidifying, the 
salt is collected on linen and strongly pre.ssed. (Heintz.) 

nHTT29 ) 

MYRX8TZC a.X.COHOXi. Mcthal. C^H^oQ = j 0.— This alcohol is sup- 

posed to exist together with cetylic alcohol or ethal, C’®H®'0, and others of the same 
series, in commercial spermaceti. When this substance is saponified, salts of stearic, 
palmitic, myristic, and lauric acids are obtained, together with crude ethal. Now when 
the latter is recrystallised from alcohol, pure ethal or cetylic alcoliol (i. 841,), crystallises 
whilst the homologous compounds, stfthal C^“H'*0, methal C*^H®®0, and lethal C‘'‘IF**0, 
remain in smaller quantity in the mother-liquors, inasmuch as the alcohols obtained 
from these mother-liquors (after the removal of tho admixed fatty acids by repeated 
treatment with alcoliolic pota.sh and addition of water), yield, when heated with 
potash-lime to 275° — 280°, as long as hydrogen continues to escape, stearic, palmitic, 
myriistic, and lauric acids. (Heintz, Ann. Cli. Pljurm. xcii. 299; xcvii. 271; J. pr. 
Chem. Ixvi. 19.) 

MYRISTIC AIVHYBRZBE. — (C‘*H^^O)^.0. (Chiozza and 

Malerba, Gerh. Trnite, ii. 789.)— Obtained, like other anhydrides of the same series, 
by the action of oxyclilori<le of pliosphorus on myristate of potassium. It is a fatty 
substance, whicli scarcely exhibits any crystalline texture. Its melting point is a few 
degress lower than that of myristic acid. Wlien slightly heated, it gives off 
vapours having a disagreeable odour. It is bxtt slowly saponified by boiling caustic potash, 

MYRISTIC ETHERS, o. Myristate of Ethyl, C'HI2^(C2H‘)0».— Dry hy- 
drochloric acid gas is passed into a hot solution of myristic Ifcid in absolute alcohol, and 
the oil which separates on cooling is washed repeatedly with cold, and afterwards dis- 
solved in a small quantity of warm alcohol. The layer of oil again formed on cooling, 
after being separated fr(jm the alcohol and cooled, deposits large, hard, very easily fusible 
crystals, from which the mother-liquor is to bo decanted (Heintz). The specific 
gravity of myristic ether is 0*864 (Playfair). It dissolves easily in hot alcohoi asd 
in ether. 

j8. My ristate of Glyceryl. Myricin. =» 

loc. cit.) — Wlien nutmegs, after exposure to tho vapour of boiling water, are 
between hot iron plates, a fatty matter called nutmeg-butteris separated, consisting 
pf an oily liquid, which has not been examined, and a solid crystal Usable fat, which is 
myristin. To separate the latter, thi- crude fat is digested with alcohol of ordinary 
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strength ; the myristin, which floats on the surface of tlie liquid, is dissolved in boiling 
ether; and the crystals which sejiaratc on cooling are pres'^ed between bibulous paper, 
then redissolved, and submitted to alternate pressure and crystallisation till they melt 
constantly at 31°. (Piny fair.) 

Myristin thus prepared is crystalline, and has a silky lustre. It i.s soluble in all 
proportions in boiling ether, less soluble in boiling alcohol, insoluble in water. By 
dry distillation it yields aendein and a fatty acid. Bigesled in the water-hath witli a 
solution of basic acetate of load, it yields insoluble myristate of lead and a solution ot 
glycerin. 

Myristin eonbiins, aev'‘()rding to Playfair’s analysis, Tea'll — Tt'l*') per cent. 0, and 
12 22 -12’3()II, nuuib»M*s agreeing nearly with the formula (calc. 7'l‘5l C, 

12-22 H, and 13-27 0), according to which myristin contains the elements of 4 at. 
myristic acid and 1 at. glycerin fuhius 7 at. water: • 

« SCBinP ^ 2C*HW - 711-0. 

•Such a constitution is, however, not very probable, no corresj>onding exanijde of it 
being found among glycerides of well-known constitutitm. The above formula 
propos(‘d l)V Welt zi on, r«‘<juiring 74-82 jier cent, carbon and 11 -01 hydrogen, ngreea 
satisfactorily with the result. s of Playfair’s analyses. 

The fat or w-ax of the fruit of Myristica ojjirimilis, and that of M. achifi ra^ jmssess 
propertii's similar to those of nut meg-butt <ir. 

MYRX8TXCA. A genus of plants, including Ibe nutmeg {Mi/rialica moachafa^, 
the fruit and seeds of several speeics of which yield solid fats or waxes. liichuhi/ha- 
U'ttx is obtained from llici(hjff»a ; Ocaha-vnix from M. (hahn or M. srhij'trn, 

Otohn-vax, or Otohitc, from M. Otoha (see Wax). The seeds and arillns (maee) of M. 
■inoschata also yield volatile oils by distillation with water. (See Mack, p. 7-10 ; and 
Nctmixi.) 

MnmXSTXCXUr. Tho camphor or Stl^iroptene of volatile oil of nutmeg. (S(*o 
Nctmf.o.) 

MYRXSTXfr. See Myristic Etukrs. 

I'^XYRXSTO-BSMTZOXC AXfHYBRXBR. M(/nsfat>' of Rn-nyf or Bnixoatr of 
Mprisfyl. C*'n*‘*(P C"]r‘’().t.:MP’().(). (Clno/za and Male'rba. ho. rit.)— 

Ih’(Mlueed by the a(‘tion of eldoride of Ixmzoyl oii myristate of potaMsium. (VystaP 
lises in Inmiiire having a silky lustre and Hgiveal>Ie odour. Melts at 38^^; solidiliofi 
at 30^ Not very soluble in ether. 

MTYRXSTOKTE. C*M1'’’0 ^ (Ovorbeek, Pogg. Ann. Ixxxvi. 

691.)— A product ol>tained by di.stilling myristate of <*aleium by small jeTtions and at 
a gradually increasing tem|a>rafur<*. Jt is purified by repeal<'d crystallisation from 
boiling alcohol, and decolorisecl if iKTcssary by animal charcoal. 

Myristone forms colourless naereous scales, inodorous and taslelesH; they become 
electricjil by friction. It nielta at 76®, and solidities in a radiated mass on cooling. It 
gave by analysis 81-81 per cent. C, and 14-07 — 13 96 11, whenee Overla^ck de<luecs tho 
formula (.’''^Il '^O (calc. 81*96 C, 13*06 H). trerhardt suggeste*! I lie formula above gi vxui 
(calc. 82-23 C, 13*7 H. 4*07 0), representing tlio compounds as the acetone of myristic 
acid. 

MYRXSTYI^y BYBRXBB Or. C’MI®® *= C'Bl*’®. IT.- This alcoholic liydrido, 
more properly called hydride of tot radecaf y I, is contained, together with many 
other hydride.s of the same scries, in Ann riean |)etroleuin. It boils betw-een 230° and 
240®. (See Pktjiolkcm and TKTK.viHiOATYL.) 

MYRORTZe ACXB. C'®IP®N.S'^0‘® (fprim a sweet smelling ointment). — An 

acid occurring in the form of a potassium-salt in the srs’d of black ninsfajtl, and giving 
rise, by Us reaction with inyrosin, to tho production of tho volatile oil of black 
mustard (sulphocyanate of allyl). It was discoveicd by Bussy (J. Pharm. xvi. 39) ; and 
its existence, wliich was afterwards called in question by Thiel a u (V’ierteljahrsschr, 
pr. Pharm. vii. 161), 1ms been fully confirmed by tho oxperimentij of Ludwig 
and Lange (Zcitsclir. Chem. Pharm. I860, pp. 430 and 677) and of Will and 
Korner (Ann. Ch. Pharm. exxv. 267 ; Jahresb. 1863, p. 496). According to 
Winckler (Jahresb. 1849, p. 430), myronato of jx)tassium likewise exists in horse- 

rmlish. , i . ^ 

Prfparation of the Potoesium-aalt.—Two pounds of black mustard-seed pulverwed 
but not freed from fixed oil by pressure, are boiled with 24 to 3 pound* of alcohol of 80 
to 86 per cent, in a glass flask placed in a wator-ljath till about half a pound of th« 
alcohol ha* pa**ed off; the powder i« then pressed, and the residue i* subject^ to the 
same treatment The pre«*-cake (weighing from 660 to 070 grms.), after l)eing well- 
dried and pulverised, i* next macerated for about twelve hours with 3 pts, of cold water ; 
the liquid i* removed by decantation and pressure ; tho residue is again treated with 2 
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pt8, wafer; the watery extracts are evaporated to a syrup, with addition of e&rhonate of 

biirhim (carbonate of lead would give rise to the formation of sulphide of lead); the 
syrup is boiled with 3 or 4 pounds of alcohol of 85 per cent ; and the undissolved residue 
is treated in the same manner with 2 pounds of alcohol. The united alcoholic extracts 
are filtered after standing for 24 hours ; the alcohol is distilled off, and the clear residue 
left to crystallise in shallow dishes. Lastly, the crystalline mass which separates after 
a few days is stirred up to a thin pulp with alcohol of 75 percent, then strongly pressed 
between linen cloths, and the nearly white cake thus obtained is repeatedly crystallised 
from alcohol of 84 to 90 per cent. Two pounds of mustard-seed thus treated yield, on 
the average, from 5 to 6 grms. of myronate of potassium. The portion remaining in the 
mother-liquors may be used for the preparation of cyanide of allyl (W ill and K drn er). 
This mode of preparation, and the similar method adopted by Ludwig and Lange, 
do not differ in any essential particular from that originally given by Bussy. 

Myronic acid may be obtained from the potassium-salt, eith^er by mixing the aqueous 
solutions of 100 pts. of this salt and 38 pts. tartaric acid, evaporating to a certain ex- 
tent, and extracting the myronic acid with alcohol ; or better, by converting the potassium- 
salt into a barium-salt, and precipitating its aqueous solution with an equivalent quan- 
tity of sulphuric acid. The colourless aqueous acid thus obtained leaves on evaporation 
an inodorous, bitter and sour, uncrystallisable syrup, which reddens litmus stronglv, 
dissolves in alcohol, but is not perceptibly soluble in etJu'r. It decomposes wlien more 
strongly heated, yielding various volatile products. Its dilute solution, when boiled for 
some time, gives off sulphydric acid. With an aqueous solution of my rosin it yields sul- 
phocyanate of allyl. (B u s s y.) 

The myronates are inodorous and likewise yield sulphocyanato of allyl with 
aqueous myrosin. They are all, even the barium-, lead-, and silver-sidts, soluble in water. 
The ammonium-, barium-, potassium- and sodium-salts are crystallisablo. (Bussy.) 

M yronate of Barium, C*®II"’BaNS20'®, obtained by decomposing the solution of 
the potassium-salt with tartaric acid and al^solute alcohol, and digesting the resulting 
aqueous myronic acid wath carbonate of barium, crystalli.ses in easily soluble plates 
which become opaque and milk-white on exposure to the air, and are decomposed by 
heat, giving off cil ot^mustard and leaving sulphate of barium. (W ill and Kbrner.) 

Myronate of Potassium, C'®I1'*KNS“0'®, crj^stallises from alcohol in silk}- 
needles grouped like crystals of w.avellite ; from water, in short, transparent glassy prisms 
of rhombic character. It has a cooling bitter taste, dissolves very easily in water, with 
difficulty in dilute alcohol, is nearly insoluble in absolute alcohol, aud quite insol iil)le 
in ether, benzene, and chloroform. The solutions are neutral and do not act on f>olari.sed 
light. The salt is anhydrous and contains the elements of oil of mustard, glucose and 
acid sulphate of potassium, into which products it is easily decomposed : 

C'®H'«KNS-0'® = C'H^NS + C^IP'^O® + KHSOb 

The dilute aqueous solution mixed with myrosin, or with a recently prepared aqueous 
extract of white mustard, becomes turbid in a sliort time, acquiring an acid reaction, 
and giving off ths odour of oil of mustard. The solution then contains sulphuric acid 
and (lextnjglucose ; the turbidity arises from free sulphur mixed with an insoluble or- 
ganic substance probably formed from the myrosin (Will and Kbrner). Somewhat 
similar results of the decom{)Osilion of myronate of potassium have been obtained by 
Ludwig and Lange, who howevt‘r assign to it the improbable formula 
Myronate of potassium is not decomposed by emulsin, or an extract of sweet almonds, 
or by yeast or saliva. 

When myronate of potassium is heated to boiling with a small quantity of baryta- 
water, a precipitate of barytic sulphate is'fprmed, with copious evolution of mustard-oil. 
The same precipitate, conUiining half the sulphur in the original salt^ is likewise formed 
when the solution of the potassium -.salt previously made alkaline is precipitated by 
baryta-water in the cold; but in this case, the other elements of the mustard-oil 
remain in the solution in the form of a compound precipitable by lead-salts, and easily 
separable into mustard-oil and gluco.se. 

Potask-ky of specific gravity 1*28, mixed with dry myronate of potassium, becomes 
spontaneously heated to the boiling point, giving off the odour of mustard-oil, cyanide 
of allyl, and ammonium. 

Myronate of potassium, treated with nine and hydrochloric axjul, continually gives 
off sulphydric acid, which is likewise evolved, tliough more slowly, by boiling with 
hydrochloric acid alone. The solution then contains glucose, an ammonium-salt, and 
lialf the sulphur in the form of sulphuric acid. 

A solution of myronate of pota.ssium, mixed with neutral acetate of lead, yields a 
yellowish-white precipitate, easily soluble in acetic acid, and appi^ntly containing all 
the elements of myronic acid. Me^rcuntm nitrate forms a yellowish-white precipitate, 
wluch is decomposed by heat, with format ion of mustard-oiL 
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When a modetratoly concontrutod aqueous s-'liition of myronato of yHitassium ia 
mixed with nitrate of silver, nitric acid is set tree, mid a white curdy }'recipitute is 
formed, containing, when dried over oil of vitrt*!, the elements of sulphocyaiuite of 
allyl and sulphate of silver (C'llV\g'*N8*0* « C^Jl‘N8.Ag%'^0*). Its formation is le- 
pri'sented by tiie eipiation, 

C‘«H'»KNS-0'« + 2AgNO> « C<lI\Vg*NS*0‘ + 0“ KX0=’ 4 UNO*. 

This silver-coin jKUind. heatt>d either alone or witii water, is resolved into sulpho- 
cyanate of allyl, snljtluite of silver and sulphide 01 silvt'r; it is also devompos(>d, with 
evolution of mustard-oil, by c/i/erb/f or .'utlphidr of harium, or by When it is 

treated with hydrochloric acid, the licjuid tlltertKl from the ehloricle e>f silvan* eontaina 
half the sulphur in the form of sulphuric aci»l. but no sulpliydric acid or sulplioeymiato 
of allyl is produced. The silver-compound. su>pt‘nded in a large quantity <d \vat(«r, is 
decompo.sod by sulpht/dric acid, witli formatic-n of a ]>recipitate of sulphur and sulphide 
of silver; and the strongly acid filtrate, vvliich eontains half the original quantity of 
sulphur in the form of sulphnri*- aeid, yields by repeateil ,iistillji(ion an oily layer, 
consisting of cyanide of allyl, C*H*.CN : 

C«HUg*NS»Q* + ir*S cni‘N + Ag-S 4 S 4 ]l*S()'. 

The cyanide of allyl thus prtxlueed differs eonsiderably i;i its projunties from that 
which Li eke obtained by the action of cyanide of silver cn iodidt* of allyl (ii. '20J1). 
It is a colourless neutral oil of agreiaibly alliaceous odour and burning arfunatic taste. 
Specific gravity = O HIlHl) at 12 8*^. V’^a pour-density 2'.'>2 (ealc. 2*81 ); boiling 
point lie® (corrected llS d*^). Heated with strong polasli-ligy in a sealed lube, it is 
resolved into ammonia and erotonic aeid, (■HLC)’-'. (Will and Kdrner.) 

MCTROSm*. An emulsion-like substanee, of tlie albuminous or ju’otein class, con- 
tained in the seeds of black and wdiite mustard, ami possessing the [>roperty of decom- 
posing the myronatc of potassium contained in the fornmr, with prodnelion of Hiilitho- 
cyanato of allyl or volatile oil of mustard. It is likewise containe<l in the seeds of 
other eruciferoiis plants, viz. lia/dtatjus safirus, Ihas.siea Napvs, Hr. olcracta and 
Hr. campt.stris, Alliaria officinalis, Ch< iranthi(,s Chiin, JJralja verna, Cardamino 
pra*>nsis, C. amarn and 'Ildaspi arvnisr. (Lepage.) 

To prepare it, pulverised wliif<> must.-ird i.i exhausted wdfh cold wafer; the filtrate 
evaporated to a syrup at a tenqxTatiire lulovv 40'^'; the syrup precipitated by a 
moderate quantity of alcohol; the preeipitat<‘ dissolved in w.'iler after the aleohid has 
been poured off; and the solution evaporated to drym'ss at a tempenit nre ladow lO*^. 

Aly rosin, as thus obtaimal, resembh-s other j)rotein-eoinpounds. When incinerated, 
it leaves suljdiate of caleium. 

In the state of aqueous solution, it ia coagulated by heat and also by alcohol, and 
loses its power of eliminating oil of mustard from myronie acid, but recovers this 
power after immersion in water for twenty-four to thirty-six hours. It does not elirninute 
hydrocyanic acid from amygdalin. 

The aqueoiLs solution of myrosin is transparent, colourless, and gummy, and froth# 
when agitated. (Bussy, J. Bluirm. xxvi. 41 ; Winckler, .Jaiirb. pr. Tliarm, iii. 93.) 

XMnrROSLOCARPXV. (Stenhouse, Ann. Ch. Tliarm. Ixxviii. 306.) — A crystal- 
lisable substance extractwl from white Peru balsam (i. 496). On digesting this balsam 
with alcohol of ordinary strength, a great part dissolves, and the solution gradually 
deposits large crystals of myroxoearjiin mix* d with resin ; they may be purified by 
recrystallisation with aid of animal charcoal. 

Myroxocarpjn crystallises in large thin, colourless, shining prisms, often an inch lon^. 
According to a determination by Miller, they belong to the irimetrie system, the ratio 
of the principal axis, macrodiagonal and bruchytliagonal, for the prinmiy oHnhednm P, 
\jeing as 1 : 0*9363 ; 0'765Z, Observed conil)inati(in coP . oP . ocPco . Poo . 2Poo . 
Poo .2Poo. Angle 00 P : exP « 102° 12'; Poo ; oP - 127°* 4'; 2Poo : oP 
«« 110® 41'; : oP ■■ 133° 7'; 2i*<x> : oP— 113° 6'. The crystals are hard and 

brittle, insoluble in water, very soluble in hot alcohol and ether, tasteless, and neutral 
to test-papers. They give by analysis 77*18 per cent, carlxm, and 9*6 hydrogen, 
which may be represented by the formula C^VP^O*, or 

Myroxocarpin melts at 116® to a transparent glass, which docs not crystallise on 
cooling, but if redissolved in boiling alcohol, is again deposited in the ervstaUino form. 
Heated considerably above its melting point, it yields a sublimate, together with muidl 
acetic acid, and an uncrystallisable resin. 

It does not unite with acids , or with alkalis^ and is not attacked by boiling 
potash-ley, * 

Hot nitric acid slowly converts it into oxalic acid and an nncrystalliiable retin. 
CkUmnSf with aid of heat, likewise converts it into an amorphous resin. 
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nmcoxmo ACI1>. The name given by Plantamour, of fto 

decomposition of cinnamein (i. 981) by alcoholic potash; probabl| impwe 

'’^MTBOXrZOjr PSXEZSAS. The tree which yielde Pem balmm. Proa, iis 
bario/th IS tree there exudes a gum-rem, which nccording to Attfield(Vharm.l 
Ti-ins 121 V 248), contains 77-4 per cent resin, 17;1 gum (like gum-arahic), 1-6 weedy 
libre and 4 watei together with volatile oil. It is uncrystalhsable, and its d^behe 
Llution reddens litmus slightly. This gum-resin is therefore altogethee^ different 
nature from the balsam obtained from the fruit of the same tree (h 4yoj. 

XMCY^RK. A gum-resin which exudes from Balsamodendron Myrrha^ a terebin- 
thaceous shrub growing in Arabia and Abyssinia. It occurs in large heavy tears of 
various size, reddish colour, and irregular shape, having an appearance'^ efflorescence 
on the surface, semi-transparent, fragile, shining with a greasy lustee on the fractured 
surface. It has a rough bitter taste, and a strong, very peculiar aromatic odour. 

The following are analyses of myrrh : 


Resin . 


. 23*0 

27*8 


44*76 

Essential oil . 


. 2*5 

2*6 


2*18 

Gum 

* 

. 46*0 

64*4 

'if 

40*82 


Mucilage 
Foreign matters (potas- 
sium-salts of sulphuric, 
benzoic, malic, acetic 
acid), &c. . 

Water and impurities 


1-4 (foreign matter and ash) T*/)! 
1-6 1-15 


An alcoholic solution of myrrh concentrated by distillation, deposits as it cools a soft 
resin, like turpentine, soluble in ether, slightly soluble in caustic potash, and imparting 
a violet-red colour to nitric and acetic acid. 

Another resin, called myrrhin, remains dissolved in the alcohol, and may be ob- 
tained by evaporation. It has the odour of myrrh, melts between 90° and 9.)°, and is 
soluble in ether. Heated for some hours to 168°, it swells up and gives off acid vjipours 
(acetic or formic acid?), and loaves a red-brown transparent shining mass, without 
taste or smell, soluble in alcohol and ether, insoluble in cold and very slightly soluble 
in boiling potash. This product imparts a violet colour to cold nitric acid, and 
dissolves in sulphuric acid with red-brown colour. It gave by analysis 74'78 per 
cent, carbon, 8 ‘06 hydrogen, and 17’16 oxygen. (Kuikholdt.) 

The essential oil (myrrhol) obtained by distilling the alcoholic extract of myrrh 
with water, is thick, yellowish, has a rough taste and pungent odour. It thicktms and 
turns brown in contact with the air, dissolves in alcohol and ether, and is precipitated 
by water from its alcoholic solution in the form of a yellowish milk, acid to test-paper. 
It contains, according to Kuikholdt, 79*61 per cent, carbon, 10*43 hydrogen, and 9*96 
oxygen. 

Gladstone (Chem. Soc. J. xvii. 11) has examined the volatile oil obtained by 
directly distilling myrrh with water. It was very viscid and of a brownish-green 
colour ; and began to boil at about 266°, giving an oxidised oil,' which quickly resin ised 
and retained its greenish colour, and strong smell of myrrh, after repeated rectification. 
Specific gravity - 1*0189 at 16*5°. Index of refraction at 7*5 for the line A, 1*5196 ; 
H, 1*5278; H, 1*5472. Kotatory power = — 136. 

MTHRKIK and IMTSTRUBOXi. Se© tLe last article. 

MTBTILB. Myrius communis, — The berries of this plant contain, according to 
Kiegel (Pharm. Centr. 1850, p. 319), chlorophyll, a green soft resin, a volatile oil 
(occurring also in the leaves), a fixed oil, tannin, sugar, citric acid, malic acid, mucus, 
humous substances, and small quantities of potash and lime. 

Of a specimen of the volatile oil of myrtle, examined by Gladstone {loe. cit.\ three- 
fourths distilled over between 160° and 176°, leaving a reddish-brown residue which 
evolved sulphydric acid. The rectified distillate smelt like oil of bay, and exhibited the 
composition of a hydrocarbon isomeric with oil of turpentine, Specific gravity 

» 0*89il at 16*5°. Index of refraction at 14°, for the lino A, 1*4623 ; for D, 1*4680; 
for 1‘4879. Specific rotatory power =* + 21°. 

MCTSORZar. Anhydrous cupric ortho-carbonate, found in Mysore (see CabbonatbBi 
i 783). 
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Ilft’iriapheYn 

lljvinnteiii 

IDumatiii or Iliumatosin. 

lianHatinoiio 

lljeuiHtite . . . • . • 

HsiMiiato-crystallin or Iljcmato-globulin 

]I;cinatui(Un 

IJjumatosin (s. Iliematin). 

IJajuiatoxyliii 

llaMnino 

Ha.'Vofjonlite 

Jlaiciiugcrite 


Hair-salt , . , , 

ilallite 

Jlall<»\ nite or Halloyte . 

Halogen .... 
Haloid salts .... 
Halt)trichjne .... 
Halotriehite ... 
Hainatljionic acid . 

]Iamp»hirite (s. Steatite). 
Hardness of Minerals . 
Harniala, Alkaloids of . 
Harmala-i"id 

Harinalino .... 
Ilvilrocyanharmaline 
Nitroharmaline 
Hydrocyario-nitrohannaline 
Harniitje .... 

Dichlorharmine 
Nitroharrnine . 

Bromo-nitroharmine . 
Chloro-nitroharinine . 
Harmotome .... 
Baryta- barmotome . 

Lime- or Potash-harnaotome 
Harringtonite (s. Natrolite). 
Harrisila .... 

Hartia 

Hartite . • . « • 

Hatchettin .... 

Ilauerite .... 

Haasroannite .... 
Hauyne ..... 
Hanynopbyr .... 
Haydenite . ^ 

Uayesine (e. Borocimie, 1. 626). 
UajUHriU .... 


Heat 

•Sources of Heat .... 
Measurement of Heat . , , 

Thermometry .... 
The Mercurial 'rhermometer 
'11)0 Weight Thermonu'ter , 
liegnauit's Air 'I hermometer 
Deville and Troest’s lotlino Py- 
rometer 

Begnaull’s Mercury I’yrometer . 
Hegnault’s Hydrogen Pyrometer 
The 'l'hermomullii)i)er 
.Siemens'sKesistaiicelhennonieter 

Calorimetry 

Changes of Temperature produced 
by Held. 

SrKcii K; Heat 
Helerjuination of Spoeifh; Heat 
by the Method of Mixluies , 
By the Melting of Dc 
By the Method of Cooling 
'rable of Specific Heats of Kle- 

inents 

of Inorganic Com- 
pounds . 
of Alloys . 
of IJquids . 
of Gases and Vapours 
of Platinum at uifier- 
cut temperatures . 
Relations l>etween Specific Heat 
ami Chemical Cotn)H>sition , 
Real and apparent Bpecifio 

Heat 

Changes of Volume produeod by 
Heat ...... 

Expansion of Gases . 

Expansion of Liquids . . 

'Absolute ICxpansiun of Mer- 
cury 

Apparent Expansion of Mer- 
cury 

Expansion of other Liquids . 
Expansion of W'at<^ 

Points of maximum Density 
and Congelation of Aciueous 
Solutions .... 
Tables of Expansion of Li- 
quids. ss determined by 
&.opp and Pierre • • 
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Heat 


Expansion of Solids 
Linear Expansion 
Cubical Expansion 
Expansion of Crystals . 
Kelation between the Specific 
Heats of Liquid and Solid 
Bodies, and their co-effi- 
cients of Expansion at nit- 
ferent Temperatures 
Changes of State of Aggregation 
produceci by Heat : — 

Fusion and Solidification . 
Melting and Freezing Points 
Latent Heat of Fluidity 
Changes of Volume accom- 
panying Fusion an<l Solidi- 
fication .... 
Solution of Solid Bodies in 
Water .... 
Table of Freezing mixtures . 
Vaporisation and Condensation . 
Tension of Vapours. 

Maximum tension 
Distinction between Vapours 
and Gases .... 
Boiling points : Ehuhilion . 
l>eterminatiou of Boiling 
points .... 
Kopp^s Table for the cor- 
rection of Boiling points 
Circumstances which mo- 
dify the Boiling point . 
Spheroidal state . 

Effect of Substances in so- 
lution on the Boiling point 
of Liquids . . • 

Relations between Boiling 
point and Chemical Com- 
position .... 
Measurement of the Tension 
of Vapours . 

Tension of Vapours of 
mixed Liquids and sjiline 
Solutions 

Tension of Vapours in an 
unevenly heated space . 
Complete Vaporisation of 
Liquids under great pres- 
sures .... 
Latent Heat of Vaporisation . 
Cold produced by Vaporisa- 
tion : Liquefaction of Gases 
Distillation . 

Sublimation ... * 

Changes of Physical Structure, 
produced by Heat . 

Relations of H^t to Chemical Affi- 
nity 

Heat evolved in rapid Combus- 
tions 

Heat of Combustion of Elementary 
Substances in Oxygen 
Heat of Combustion of Compounds 
in Oxygen .... 
Combustions in Chlorine, &c. 
Heat produced by Reactions in 
the wet way .... 
Cold produced by Chemical De- 
composition .... 
luilirect Methods of determining 
the Heat of Combustion . 

Relation of Heat to Electricity, &c. 


91 

94 

95 

96 

97 
^8 

101 

102 

103 

106 

107 

109 


113 


Heat: 

Relations of Heat to Mechanical 

Energy 

Work produced by Heat . .120 

Heat produced by Work . ,125 

Experimental determination of 
the Mechanical Equivalent of 

Heat 126 

Djmamical Theory of Heat . .130 

Radiation and Conduction of Heat 
(s. Radiation). 

Appendix r 

Table of Temperatures at which the 
vapour-tensions of certain liquids 
= 769 mm. of mercury . .135 

Table of Specific Heats of various 
substances in different states of 
Aggregatib'ti . . .136 

Heavy s[)ar 137 

Hebetin 138 

Iledcnbergite 
Iledera . 

Hederic acid 
Hederin . 

Hfcdyphane 
Helenene 
llclenin . 

Helianthic ac: 

Hclianthus 
HeliHn . 
llelicoidin 
Heliotrope 
Helix . 

Helleborine 

Helletlinta 141 

Hellenene (s. Helenene), 

Hellenin (s. Helenin). 

Helminth 
Helmiiitholite 
Helvin . 

Hemibromhydrin (s. Bromhydrins, i. 

668). 

Hemihedry (s. Crystallography, ii. 121, 

128, 136, 140, 150, 156). 

Hemilogous series . 

Hemimorphism 
Ilemimorphite 
Hemipinic acid 
Heinipinates . 

Hopatin (s. Glycogen, ii. 906). 

Hepatite. 

Heptyl . 

Heptyl, Acetate of 
Heptyl, Bromide of 
Heptyl, Chloride of 
Heptyl, Hydrate of 
Heptyl, Hydride of 
Heptyl, Iodide of . 

Heptyl, Sulphydrate of 
Heptylamine . 

Heptylamylic ether 
Heptylene 

Bromide of Heptylene 
Chloride of Heptylene 
Chlorheptylene 
Hydriodate of Heptylene 
Rfeptyi-ethylic ether 
(iSnfityl-aldehyde (s. CEnanthol). 
Heptyl-melhylic ether * 

>tyl-8ulph*uric add . 
palhite . . > 





143 


144 


145 

147 


148 
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Rerderita • . . . • 

Hennannita (s. Rhodonite). 

Horrerite 

Herschelite 

Hesperidin 

Hesaite 

Heasonite (s. Essonite, ii.607). 
Hetepozite (a. Heterosite). 

Ileterocline 

Heteromerite ..... 
Heteromorphisin .... 
Heteromorphite .... 

Ileterosite 

Heulandite (s. Stilbite). 

Ileveene 

Uexaclilorxylin .... 
Hexacroleic acid .... 
Hexametaphosphoric acid (a. Plios 
phoric acid). 

Hexaroethylenamine . 
Hexmethyl-ethylene-diphosphonium (s 
Phosphorus'bases). 

Hexyl . . ... . 


Acetates of Hexyl . 


152 

Hexyl-alcohols 




Hexyl-aldehydes . 


153 

Chlorides of Hexyl . 



Hytlrides of Hexyl . 



Iodides of Hexyl . 




Hexyl -oxide . 


154 

Hexyl-sulphuric acids . 




Sulphydrato ef Hexyl . 




Hexylene .... 


155 

Hippnvaffin .... 




Hippurin .... 




Hippophnd .... 




Hippuramide - . . . 


156 

llippuric acid .... 




Estimation in Urine , 


158 

Hippurates . . . 


159 

Amido-hippuric acid 


IGO 

Chloro-hippuric acids 




Compounds produced by the action 
of Pentachloridc of Phosphorus on 
Hippuric acid .... 

161 

Nitro-hippuric acid. 



Sulpho-hippuric acid 




Hippuric eih<*rs 

• 

162 


Hircic acid 

Hisingerite 

Ilislopite 

Hitchcockite • 

. Hjelmite 

lioernesite 

Holcos 

Holmesite (a. Clintonite, i. 1026). 
HonKBomoipbism (a. laomorphiam, iii. 
423). 

Homichlin 

Homocominic acid .... 
Homolactic acid .... 
Homologous substances . 

Honey 

Hon^-stone (s. Mellite, ill 871). 

Hop 

Hopeite 

Hops, Oil of 

Hordain • • . • . 

"Hordeum ..... 

Horn Cs. Homy TiMb iii 170). 


Horn fs. Homy Ttsu^ lii 170). 
Homblanda • . .. . . • 

1. Homblaades with tiUla or no Alu- 
mina: 

Voi.ra. 


9 Hornblende : 

Trtnioliit^ ActinoUtCt Afbfttoit 

- AnthophyHiU 

0 Cumminytonite, ArfmfmmUtt 

2. Hornblendes con I tuning Alumina 

- Common Ilornblendef UralUet Di 

astatite .... 
Alteretl forms of llornblcndo 

- Horubleiule-rock .... 

- Horn -lead 

- Horn-quicksilver .... 

1 Horn-silver 

- Hornstono 

Horny Tissue .... 

- llorso-cbestnut .... 

Ash of Horse-chestnut 

- Horse-flesh ore .... 

Houghite 

Hovite 

- HoMrardito 

Huanokino 

Huiisonite 

- Humbohltilite (s. Mellilite, iii. 809). 

2 Humboldline (s. Oxalite). 

- Hiimboldtito (s. Datholitc, p. 805). 

8 Humic acid (s. Ulmic acid). 

Huinite (s. (dtondrmiitc, 1^80). 

- Humopic acid .... 

- Humours of the Eye (a. Eye, ii, 654). 

4 Humus ...... 

- Huntcrite . . , . ! 

- Hureaulito 

5 Hurin * 

- Huronito 

- Hvcrsult 

- Hyacinth (s. Zircon). 

1> HyaBnaiicho 

- Hyalite (s. Opal). 

i Hyaloindanc (s. Trachylyte). 

) Hyalophane 

) H^’alosidorito .... 

- Hvblite (a. Palagonite). 

Hydantoic acid . . • . , 

HydantoVii 

Hydracida 

Hydracrylic acid .... 

Hydrainides 

Hydraiizotin 

Hydrargamyl, Hydrargethyl, &c. (s. 

Mercury-radicles, Organic, iii. 922). 
Hydrargyllite fs. Glbbsite, ii. 838). 
Hydrargyrum (s. Mercury, iii, 883). 

Hj-’drastine 

Hytl rates 

Hydrides 

Hydriodic acid (s. ’ lodhydric add, iii,* 
284). 

Hydroaloetic acid . . i, 

Ht'droapatite .... 

llydrobenzamido 

Chloride of Hydrobenzamide . 
Chloro-hytlrobenzamide . , 

Chloro-nitro-hydrobenzamide • 
Hydrobenzile . . . . , 

IlydrobeozoYn . . 

Hydroberberino 

Ethyl- bydroberberine . , , 

Hydroboracite . , , , , 

Hydroi>orocaldt« (s. Boroealdte, i 626). 
Bydrobromic acid (s. Bromide of Hy- 
drogen, i 672). 

Hydrobiyetin . , . , , 

Hydfobttcholzite (s. KyanitOt iii 440). 
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. 186 


189 

190 


191 


192 


Hydrocalcite . 

Hydrocarbons ..... 

Hydrocarboxylic acids .... 
Hydrocarotin . 

Hydrocerite (s. Lanthanit^ iii. 467). 
Hydrochinone (s. Hydroquinone,iii. 213). 
Hydrochlore (s. Pyrochlore). 

Hydrochloric acid (s. Chloride of Hydro- 
gen, i. 890). 

Hydrochrysamide . ' . 

Hydrocinnamide 

Hydrocotyle 

Hydrocroconic acid . . • • 

H 3 ’drocyanharmaline ( s. Harmaline, 

Hydrocyanic acid (s. Cyanide of Hydro- 
gen, ii. 614). 

Hydrodolomite 

Hydroelectric machine (s. Electricity, 
ii. 408). 

Hydroferricyanic acid (s. Ferricyanides, 
ii, 244). 

Hydroferrocyanic acid (s. Ferrocyanides, 
ii. 226). 

Hydrofluoborates (s. Boron, Fluoride of, 

i. 632). 

Hydrofluoric acid (s. Fluorhydric acid, 

ii. 669). . 

Hydrofluosilicates (s. Silicon, Fluoride of). 
Hydrogalactometer .... 

Hydrogen 

Hydrogen, Antimonide of (s. Antimony, 

Hydride of, i. 322). 

Hydrogen, Arsenide of (s. Arsenic, Hy- 
drides of, i. 371). 

Hydrogen, Bromide of (s. Bromide of 
Hydrogen, i. 672). 

Hydrogen, Chloride of (s. Chlorhydric 
acid, i. 890). . , . 

Hydrogen, Fluoride of (s. Fluorhj^lric 
acid, ii. 669). 

Hydrogen, Iodide of (s. Iodide of Hy- 
drogen, iii. 284). 

Hydrogen, Oxides of : 

Protoxide: JVaier 
Dioxide or Peroxide 
Trioxide ?.•••• 
Hydrogen, Phosphide of : 

Phosphoretted Hydrogen or Phos- 

phamino . . . • • 

Liquid Phosphide .... 

Solid Phosphide .... 
Hydrogen, Selenide of . • . , 

Hydrogen, Sulphides of ; rr ' 

Protosulphide: Sulphydnc or Hy^‘ 
drosulphuric acid - . • *^3 

Persulphide 
Hydrogeni 

Hvdrohalite . • - ... 'n,o\ 

Hydrokinone (s. Hydroquinone,iii. 213). 
Hydroleic acid (s. Oleic acid). 

Hydrolite (s. Graelinite, ii. 924). 
Hydromagnesite . • . ’ , i * 

Hydromagnocalcite (s. Hydrodolomite, 
iii. 192). 

Ilydromargaric and HydromarganUc 
acids . . • „ • * 

Hvdromellone (s. Mellone, m. 8/4). 
Hi'drometer . • • 

Graduation of Hydrometers 
Sykes’fl Hydrometer • 

^ Jones’s Hydrometer 
Baum^s Hydrometer • 


lulphi— 

m, Telluride of . 


195 

196 
199 


201 

202 


204 

205 


206 

208 

209 


Hydrometer : 

Cartier’s Hydrometer . 

Beck’s Hydrometer . 

Desparcieux’s Hydrometer 
Marine Hydrometer 
Lactometer 
Wilson’s Beads 
Fahrenheit’s Hydrometer 
Nicholson’s Hydrometer 
Hydronickelmagnesite . 

Hydrophane 

Hydrophilite 

Hydrophite 

Ilydropite 

Hydropsin 

Hydroquinone .... 
Sulphydrates of Hydroquinone 
Green Hydroquinone, or Quinhy- 

drone 

Derivatives of Hydroquinone: 
Carbohydroquinonic acid . 

Ethyl-carbohydroquinonic acid 
Chlorinated Hydroquinones 
Chlorinated Quinhy drones 
Phospho-hydroquinonic acid 
Sulphate of Hydroquinone 
Sulpliohydroquinonic acids. 
Hydrosalicylamide . . 

Hyd robroinosalicjdamide 
Ilydrochlorosalicylamide 
Hydroselenic acid (s. Hydrogen, Sele 
nido of, iii. 202). 

Ilydrosilicite .... 
Hydrosteatite .... 
Ilydrosulpliuric acid (s. Hydrogen, Sul 
phides of, iii. 203). 

Hj'drotalcite . . 

Hydrous Anthophyllite 
Hydrozincitc (s. Zinc-bloom). 

Ilydurilic acid .... 
llydurilates .... 
Dichloro-hydurilic acid . 

Ilygrine 

Hygrometer, Ilygrometry 

l»rinciples of Ilygrometry 
Condensing Hygrometers : 

Daniell’s Hygrometer . 
Hygrometers of Jones, Pouillet 
Belli, Connell, Cumming, am 
Dobereiner 

Regnault’s Condenser Hygrometer 
Hvgrometrv by Evaporation . 

Dry and VVet Bulb Hygrometer 
or Fsychrometer 
Theory of the Psvehrometer 
Hygroinetric Calculations 
Chemical Method of Ilygrometry 
Hygroscopic Bodies 

Saussufe’s Hair Hygrometer 
Hyocholalic acid (s. Hyocholic acid) 
Hyocholic acid 
Hyoglycocholic acid 
HyocholoYdic acid . 

Hyodyslysin . 

Hyosevamine .... 
Hypargyrite (s. MiargjTite). 

Hyper (8. Per). 

Hyperspiroilic acid (e. SalK^lic acid). 
Hypersthene . . 

Hypersthenite or Hypewthene-rock 
Hypobromous acid . . 

Hypochloric adid . * • 

Hypochlorite . . . . • 
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HjTiochlorites . . . , 

IJj’pochlorous acid and anhydride 
Hypogasic acid .... 
llypogallic acid . . . , 

llypo-iodous acid (a. Iodine, Oxygen- 
acids of, iii. 297), 

Hypo-niobic acid (a. Niobium). 
Hyponitric acid (&. Nitrogen, Oxides of). 
Hyponitromeconic acid . . , . 

llyponitrousaeid . . . . . 

lly|K)pbosphorou8 acid* (s. Phosphorus, 
Oxygen-acids of). 

Hyposclerite 

Hypostilbite (s. Stilbite). 
Ilyposulptiainylic acid .... 
Hypo.sulpharsenious acid 
Hyi>osulphethylic acid . . 

Hyposulphindigotic, or Hyposidphocoi- 
rulic acid (s. Indigo-sulphuric acids, 
iii. 258). 

Hyposulphoglutic acid (s. Sulphoglutic 
acid). 

llyposidphoinethylic acid 
Hyiiosulphonaphthalic and Hyposulpbo- 
iiaphthenic acids (s. Sulphuna{>httialic 
acids). 

lly posulphophosplioric and Hyposulpiio- 
j>lu)rou8 acids (s. Phosphorus, Sul- 
]>hidcs of). 

Uyposulphiiric and Myposulpliurous 
acids (s. Sulphur, Oxvgen-acids of), 
liypovanadic acid (s. V^anadiuin). 
llypoxaiMhino 


rxoK 

237 

238 


239 


240 


lly.ssopine 
llvssop, Oil of. 
IlysUitite 


241 


I. 


laspachatcs .... 

Iberite ..... 

]ce-&par .... 
Iceland-spar .... 
Ichthidin .... 

Ichthin .... 
Ichthulin .... 
Ichthyocoli '(». Gelatin, ii. 820). 
Ichthyophthalmitc (s. A])ojihyllite 
Ici»-a-rc8in 

Idiotype ... 

Idocrase (s. Vesurian). 

)<lrialin 

Idrialite . . 

Idryl .... 

Igasuric acid 
Igusurtne 
Iglesiosite 
Iglite or Igloito 
lldcfonsite . . • 

llicic acid 

llicin .... 
llixanthin 
jlmcoite . 

liiDCiunm 

IlTaiUi (8. Liovrite, iiL 589). 
rmabenzUe .... 

Imasatic acid (a. la a mic acid, iii. 408). 
Iinaaatm 
Imatni atonaa 
Imatatin . 

Imidaa . • • 

fmpentoria . • * 
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i. 351). 


242 


243 


244 


243 
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and 


Impratorin (s. Peucedonin). 
incineration (s. Ash, i. 417). 
ludelibronie .... 

Indianite .... 

Indian Ink, or China Ink 
Indian Ped ... 

Indian Ytdlow 

Indican 

Oxindicanin, Oxindicasin, 
Jndicasiii . . . 

Indicaiiin .... 

Indifulvin .... 

Indifuscin and Indifuscono . 
Indiglucin .... 

ludigo-blue 

Preparation of Commercial Indigo 
l‘urification .... 

a. Cold Vats : 

1 . ( Aipperas or Common Uluo v 

2. Orpiment-vat 

3. Tin vat 

b. Warm Vats: 

1. Wood- vat or Pastel-vat 

2. Potash or Indian-vat . 

3. Crine-vut . 

Purilication by Sublimation 

Preparation of ludigo-blue from 
Indican 
Properties 
Decompositions 
Testing and Valuation 
Indigo- brown 
Imligo-gluten 
Indigo-green . 

Indigo-juirfilo 
Indigo- red 

Jn«iigo-8ulj>hunc acitls . 
llyposiilj)liindjgotic, 

8ulj)huccerul c acid 
Sulphindigotic acid and Sulphindi 


PAOB 


'at 


Hypo 


got ales 
hilpli 


Sulpbopliccnicic acid 
Decomposition products of the 
Indigo-sulphuric acids ; — Sul 
]iho/l a V ic, Su 1 j )h ofu 1 v ic, Su I ph o 


phoviridic acids 

. 2G2 

Indigolic acid . . . . 

. 203 

indigoten (s. Indigo-blue). 
Indigo-white 


Iinligo-ytdlovr .... 

.' 2C4 

Indihumin 


Indin 


Dibrom indin .... 

* 263 

Dtchloriudin .... 


Tetruehloriudin 

.* 260 

Ilydrindin . . . 


Nitrindin . . i . 

— • 

Indin-sulphuric acid 

.’ 267 

llydrindin-sulphuric acid 

. -w. 

Leucindin-sulphuric acid 

. 268 

Indiretin 

. — • 


Jndirubin 

Indium 

Induction. Electrical («. Electricity, li. 
884,451). 

Induction, Magnetic (f. HflgneUim, iii. 

Induction, Photochemical (i. Light, 
Chemical Action of^ iii 680 ). 

Infusoria 

InfWrial earth . . • • . 

Ink ‘ 


246 


217 

248 


249 


250 


251 


252 


258 


253 

257 


258 


259 
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PAOB I 

270 

271 

272 


273 

274 


276 


277 

279 

280 


282 


283 


Black Inks • . . • 

Redink . . . . • 

Blue, Yellow, and Green Inks 
Sympathetic Inks . 

Marking Inks .... 

Printing Ink .... 
Lithographic Ink . 

Inocarpin ..... 

Inosic acid 

Inosite . . • * • 

Nitro-inosite . • • • 

Insolinic acid (s. Terephthalic acid). 

Intestinal Concretions . 

Intestinal Juice .... 

Inulin 

lodacetic acid 

Di-iodacetic acid . 
lodacetyl ..... 

lodal . . . • . • 

lodamides and lodammoniums : 

1. lodamides .... 

2. lodammonium . 

3. Iodide of lodammonium . 

lodaniline (s. Phenylamines). 
lodanisic acid . . . ^ 

lodarsenious acid (s. Arsenic, Oxy-iodido 

of, i. 386). , 

lodates (s. Iodine, Oxygen-acids of, 

lodaurates (s. Gold, Iodides of, ii. 929). 
lodethylaraine (s. Ethylaminc, ii. 
lodethylene (s. Ethylene, lodatcd, ii. 

lodhydric acid (s. Iodide of Hydrogen, 
iii. 284). 

lodhydrins 

Iodide of Acetyl 

Iodide of Aluminium . . •. • 

Iodide of Ammonia (s. lodammonium, 
iii. 282). . 

Iodide of Boron (s. Boron, i. 627). 

Iodide of Hydrogen . . * 

Iodide of Nitrogen (s. lodamides, ni. 280). 
Iodides, Metallic . . . • • 

Iodides, Organic . . • • • 

Iodides of Nitrogen (s. lodamides, in. 

280) 

Iodides of Phosphorus, Selenium, Sul- 
phur; and Tellurium (s. the several 
elements). 

Iodine 

Sources 

Preparation ; 

1. From Varec or Kelp . . * -^do 

2. From the mother-liquor of the 
* Caliche of Peru 

3. From Mineral waters . 

Prtmerties . . • • 

Iodine, Bromides of 
Iodine, Chlorides of . • • 

Protochloride 
' Trichloride . 

Tetra- and Penta-chloride 
Iodine, Detection and Estimation of 
Reactions . . • 

Quantitative estimation. 

Atomic Weight of Iodine . 

Iodine, Oxides and Oxygen-acids of 
Hvpoiodous acid . * .*, 

Periodic Oxide and allied Oxides 
Iodic acid and anhydride 
lodates . . 


284 


289 


291 

292 

293 


294 

295 


296 

297 


298 


300 


Iodine, Oxides and Oxygen-acids of: 
Periodic acid an^ anhydride . 

Periodates 

Iodine, Selenide, Sulphide, and Telluride 
of (s. Selenium, Sulphur, and Tel- 
lurium, Iodides of ). 
lodite, lodopyrite, Iodic Silver 

lodobehzoic acid 

lodobrucine . . . • ^ * 

lodo-caoutchin (s. Caoutchin, i. 737). 
lodo-chloro-nitroharmme (s. Ilarraine, 

iii. 11). . . . 

lodocinchonine (s. Cinchonine, i. 9/9). 
lodocinnamic acid . 
lodocodeine .... 

Iodoform .... 

lodolite 

lodomecone . . • • 

Todomeconin (s. Meconin, iii. 861). 
lodomelaniline (s. Melaniline, under 
Phenylamines). 
lodomercurates . • 

lodoinethvlamine (s. Methylamines, iii. 
997). 

lodomethyl-selenious acid (s. Selenious 
ethers). 

lodomorphino (s. Morphine, iii. 861). 
lodonicotine (s. Nicotine). 
Idonitroharmine (s. llarmine, iii. 1 1). 
lodonitrophenic acid (s. Phenic acid. 
Derivatives of). 

lodopapaverinc (s. Papaverine), 
lodophenylaraine (s. Phenylamines). ^ 
lodophenylcitraconimide (s. Citraconic 
acid, Amides of, i. 993). 
lodopianyl (syn. with lodomeconine). 
lodoplatinates . . * • • 

lodopropvlcne (s. Ally), Iodides of, i. 
142) 

lodopyrite (s. lodite). 

5odo}>yromcconic acid (s. Pyromeconic 
acid). 

lodoquininc (s. Quinine), 
lodosalicylic acid (s. Salicylic acid), 
lodostrychniue (s. Strychnine), 
lodo-substitution-compounds . • 

lodo.sulphide of Antimony (s. Antimony, 
i. 338). 

lodotellurates (s. Tellurium, Iodide of), 
lodotoluylic acid (s. Toluylic acid), 
lolite (s. Dichro’ite, ii. 320). 
lonuphthin . . . • 

Ipecacuanha .... 

. Ipecuanic acid 
I T pomieic acid ...» 

' Iridium 

Extraction 
Properties 

! Iridium, Alloys of . • 

Iridium, Carbide of 
Iridium, Chlorides of . 

Protochlorido . . 

Sesquichloride . 

Chloriridites 
Dichloride . . . • 

Chloriridiates ... 
Trichloride . • ,* . * * 

Iridium, Detection and Estimation ot 
Reactions . . • . « 

Quantitative Estimation and Sepa- 
ration 

Atomic Weight . . • 

Iridiam, Iodides of 


807 

308 


31^ 


311 

312 


318 

814 

817 

318 

319 
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Iridium, Oxides of 

Iridium, Oxygen-salts of . . . 

Iridium, Sulphides of . . . . 

Iridium-bases, Ammoniaral . 

Iridosmine 

Irisine (s. Chinolinc, i. 871). 

Irite 

Iron 

Malleable Iron .... 
Analyses of British and Foreign 
malleable iron . . . . 

Cast-iron, Pig-iron .... 

Analyses 

Occurrence of Metallic iron : 

1. Telluric iron .... 

2. Meteoric iron . 

Iron ores : 

Native Magnetic Oxide 
NativeFerric Oxide : Hedlla mtaitr 
Sf>ecuinr iron ore 
NativeFerric Hydrate: Brotvn 


Native Ferrous Carbonate: Spa. 

thic iron ore . . . . 

Clay iron ore . . . . 

Native Iron sulphides . 
Preparation of inalleablo iron 

1. Direct production from the 
ore : Catalan method 

2. Indirect process : 

Kefming 

Puddling 

“Pig-boiling” 

Shingling or Blooming . 
Kollitjg . . . ' . 

Re-heating . . . . 

Waste of Iron and consump- 
tion of Fuel in the Refin- 
ing and Puddling process 
Bessemer’s Atmospheric j^rocess 

Iron smelting 

Blast-furnace . . . . 

Analyses of Blast-furnace Slags . 
Conditions of the economionl con- 
sumption of Fuel in Iron- 

smclting 

Analyses of Gas from Blast-fur- 
naces 

Hot- blast 

Iron, Alloys of 

Iron, Bromides of 

Iron, Carbides or Carburets of 

Iron, Carbonate of fs. Carl>onates, i. 784), 

Iron, Carburetted, Analysis of 

1. Estimation of the entire amount 

of Carbon 

2. Estimation of the Graphite, or 
mechanically mixed CarlM)n 

8. Estimation of combine<l Carbon 
4. Estimation of Silicon . 

6. Estimation of Nitrogen 

6. Estimation of Sulphur 

7. Estimation of Phosphorus . 

8. Estimation of Arsenic 

9. Estimation of Alanganesc . 

10. Estimation of Copper and Lead . 

11. Estimation of Aluminium . 

12. Estimation of Ma^esium, Cal- 
eiam, ind the Alkiui-metals 

18. Estimation of Cbrdminrn, Va- 
ojuiioiD, Titanifun, Molybdenum, 
andTnngstan .... 
14. Estimatioii of the Iron 


2 Iron, Chlorides of : 

Ferrous Chloride . . , , 

3 Ilydratwl Ferrous Chloride, 
Dtuible Wilts of Ferrous Chloride . 

1 Ferric Chloride . . . , 

Hydrated Ferric Chloride . 

'y Basic Ferric Chloride or Oxy- 
chloride . . . . * , 

3 Ferrico-ammonic Chloride . 

Chloride of Ferricum and Ferrlc- 
< ammonium . . . , 

1 Ferrico poUiftsic Chloride 

? Fen ico-aodic Chloi ido . , 

Ferrico- ammonio - potussio - aodic 

3 ('hlorido 

» Iron, Cyanides of (s Cyanides, ii. 221). 

Irou, Detection an<i Estimation of; 

- 1. Blowpipe reactions . , , 

2. Ke.'U’tions in Solution : 

3 Of Ferric s ilts . . . , 

Of Fi rrous salts . . . 

8, Quantitative JCsiimntion : 
Gravimetrie Mwthods 
1 Volunictric Methods 

• a. Methods depending on 

1 Oxidation 

fi. Metho<l8dei»ending on Ro- 
dui'tion . . . , 

1 4. Separation of Iron from other 

bJernenls . . . . , 

► 6. Assay of Iron ores; 

a. the wet way . 

> /J. In the drv >vay . 

6. Atomio Weight of Iron 

! Iron, Fluorides of 

Iron Glance 

Iron, Hydrates of (s. Irou, Oxides of, iii. 
8‘J3-301)) . 

Iron, Hvilride of 

' Iron, Iodides of 

Iron, Meteoric (iii. 330,1)77). 

I Iron, Native (iii. 835 )• 

Iron, Natrolite («. Natrolite). 

Iron, Nitride of 

Iron, Nitrosulphide of . 

Iron Ores 

Iron, Oxides of 

Ferrous Oxide .... 
Hydrated Ferrous oxide 
Ferrous salts .... 

Ferric Oxide 

Hydrated Ferric oxide 
Ferric salts 
Ferroso-ferric oxides : 
a. Seale oxide .... 
fi’ Magnetic oxide . . , 

Fem>sf;-ferric Hydrates . , 

Trioxidc of Iron .... 
Iron, Oxyhroraide of . ' . , , 

Iron, Oxychloride of (p. 878). 

Iron, Oxyfluoride of , 

Iron, Oxygen-salts of . 

Iron, Oxysulphide of (p, 400). 

Iron, Phosphides of . , . . 

Iron, Pulverised 

Iron, Belenide of , 

Iron, Sulphides of . . . , , 

OcUferric Sulphide . , , 

Hemiaulpbide . . . . 

Protosulnbide or Ferrous sulphide . 
Sesquisuiphide or Ferric sulphide . 
Ferroso-ferric or Magnetic sulphide 
Disulphide : Irm py riles ' , , 
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Iron, Tantalate of (s. Tantalite). 

Iron, Telluric • ^ ; x • * 

Iron, Telluride of (s. Tellundes). 

Iron, Tungstate of (s. Tungstates). 

Isamic acid ••.•*** ^ 

Chlorisamic acid . • • • ^ 

Isamide 

Isatan 

Isatic acid 

Bromisatic acids . . • • ^ 

Chlorisatic acids . . • • 

Isatilim ^ 

Isatimide 

Isatin . . • • • • • . 

Bromisatin^ . . . • • ^ 

Dibromisatin ^ 

Chlorisatin 

Diehl orisatin 

Isatosulphuric acids . . • • 

Monobasic Isatosulphuric acid . ^ 

Dibasic Isatosulphuric acid . 
Tsatosulphites ^ 

^^^^^hlorisatydes and Broraisatydes . 

Sulphisatyde 

Disulphisatydo . . • • ' 

Tserin •,*••*** 

Isethionic acid 

Isobiuret . \ •••\ 

Isobromomaleic acid (s. Maleic acid, iii> 
Isocajputeiie (s. Oajputene, i. 811). 



Isocetic acid . . • . *. 

Isocyanuric acid (s. Fulminuric acid, ii. 

Isodibromosuccinic acid (s. Succinic 
acid). . 

Isodiglycol-ethylenic acid . . • 

Isomerism . • • 

Isomeric Hydrocarbons . • * 

Isomers containing Carbon, Hydro- 
gen and Oxygen ; . . • 

Compound Ethers 
Alcohols and Ethers . 

Aldehydes and Ketones • • 

Metameric Alcohols . • 

Metameric acids . . • • 

Polyatomic Alcohols • * ’ 

Isomers containing Carbon, Hydro- 
gen, and Nitrogen * i ’ 
Isomers containing Carbon, Hydro- 
gen, Nitrogen, and Oxygen . 
Isomers among Inorganic buD- 
stances . . • * * 

Isomorphism . • * -. * 

Table of Isomorphous Croups . 
Isomorphous Elements . • • 

Conditions of complete Isomorphism 
Isotomous, Homoeomorphous, Hete- 
romorphous, Anisomorphous, and 
Anisotomous bodies . • • 

Atomic volumes of Isomorphous 
bodies •••.'** 
Polymeric Isomorphism^ * .A 
Isonitrophenic acid (s. Ph®nic acid). 
Isophane (s. Franklinite, ii. *07), 

Isoprene . 

Isopurpuiic acid , . • • • 

«nd iTOtiurtridlc adds (a. Tar- 
taric acid). ^ 

Isotribromhydnn • • . • ’ 

Isoterel^nthene (s. Turpentine). 


Itacolumite • • 

Itaconic acid . . • 

Amides of Itaconic acid 
Itaconic ether . 
Ittnerite , . . • 

Iwaarite . . • • 

Ixiolite ...» 
Ixolite • • • • 


Jade (s. Nephrite and Saussurite). 

J alap 

Jalapic acid . . . • 

Jalapates'*. • • 

Alpha-jalapic acid . • 

Jalapin . ... 

Jalapinol .... 
Jalapinolic acid ... 
Jalapinolates . . • 

Jalapinolic ether 
Jalpaito .... 
Jama'icine .... 
Jamesonite . . . • 

Japonic acid . . • • 

Jargionite . 

Jargon (s. Zircon). 

Jarosite . . • • 

J 

Jatropha .... 
Jeffersonite ...» 
Jclletite . . • • 

Jefreinoffite . . • *o,o\ 

Jenkinsite (s. Hydrophite, p. 213) 

Jervine 

Jet . . * . ’yr.. X 

Jewreinowite (s. JefVeinolate). 
Johannite ...» 
Johnito (s. Turquois). 

Juglandin .... 
Juniper .... 

* Junkerite . * . * 

• Jurinito (s. Brookite, i. 681). 


Kaemmercrite . • • 

Kcempferide . • • 

Kalisaccharic acid • • 

Kalyptolite . . . • 

Kamala . . . • 

Kaneite .... 

Kaolin . . . • 

Kapnite . . . • 

Karelinite . • • * 

Karpholite (•. Carpholite, i. 806). 
Karphosiderite (s. Carphosidente, 
Karstenite . . • • 

Kawa-root . . • • 

Kawain .... 

ICodriit ***** 
Keilhauite (s. YttrotiUnite). 

Kelp . . • 

Keramohalite . * • 

Keraphyllite . . « • 

Kerarg^te ...» 
Kerasite . • x* * 

Kerate (a. Kerar^rnte). 

Kermes . . • • • 

Kermea, Mineral . . • < 

Kermesite or Kermesome . 
KeroliU (s, Cerolite, i. 886). 
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.hava 
Kibaclophane 


Ketones (a. Acetones, i. 31;. 

Kha; 

Kiffekil'r 

Kieserite 
Kilbrickenite 
Killas . 

Kiilinite 

Kinic acid (s. Quinic acid). 

Kino 

Kinone (s. Quinone). 

Kinovous acid 
Kinzigite 
Kir 

Kirwanito 

Klaprothin (a, Lazulite, iii. 477). 
Klinoclase 
Knebelito . 

Kobellito 
Koenigite 
Koenlite • 

Koenlinito . 

Koettigite 
Kokscharowite 
Korite (a. Palagonite). 

Koumijis 

KouphoHto (a. Prohnito). 

Krablite (a. liauliU*, i. 520). 
Krameric acid 
Krantsnte 
Kraurito 

Kreittonite (s. Spinel). 

Kremeraito 
Kreisuv'igite \ 

Krokoite (a. CrocoVsite, ii. 100)« 
Kupraphito (a. Tvrolite). 
Kynniethine (a. Oyamethine, ii. 18ft). 
Kyanntbine (a, Cyanetlunc, ii. 180). 
Kyanite . 

Kyanol . 

Kyaphenine . 

Kyniatin 
Kynurenic acid 
Kypholite (a. Serpentine). 

Kyroaitc .... 


L. 

Labdaniim or Ladanum . 
Labradorite ... 

/..abuniic acid .... 

Lac 

Lac-dye 

I.«actamethane .... 

Lactamic acid .... 

Lactamidc 

Lactethylamide .... 

Lactic acid 

Sarcolactic or Paralactic acid . 
Tbebolactic acid 

Lactates 

Acetolactic acid . • 

Bensolactic acid (i. 561). 
Butyrolactic acid . 

Dilactic acid 


PAGE 

446 


447 


418 


. 440 


Etilpl-lactic acid(s. Lactic Etben). 
LactylHinlphnroiif acid . 
Mi^yl^Ia^add (s. Lactic Ethers) 
Socdno^lactic adds 
Solpholaciie acid . . . 

IMliwticadd . ... 


450 


450 

451 


452 

453 

457 

460 

461 

462 


Lactic .\nhydrido . 

Lactic Ethers 

Lactates of Ethyl . 
Moncthylic Lactate 
Etbyl-laclic acid 
Diefhylic Lactate 
Lactates of Moihyl 
Methyl-lactic acid 
I.acti<le 

I.acUdic acid , . 

Lacliii (s. Milk-sugar, iii. 1021). 
Lactone .... 
Lactose (s. Milk-sugar, iii. 1022), 
Lactuca 
Lactnearium . 

Lactucerin 
Lactiicic acid . 

Lactucin 
Lactucono 
Lactiicopicrin 
Lactyl, Chloride of 
Lagonite 
Lsk. 


Laminaria (s. Sea-weed). 

Lainp.idito (s. Wad), 

Lamp-black 
Lana pbilosophica . 

Lanark ite 
Lancasterito . 

Laiitanuric acid 
Liinthnnite 
Lanthanum . 

Lanllmnum, Chloride of 
Lanthanum, Detectioi* and Estimation 
Lanthanum, Fluoride of 
Lanthanum, Oxides of . 

Lanthanum, Oxychloride of 
Lanthanum, Oxygon-salta of 
Lanthanum, Sulphide of 
Lapathin 
Lapis Lazuli . 

Lapis Ollaris . . 

Larch (s. Larix). 

Lardito .... 

Larix .... 

Larixinic acid 
I^Asionito (s. Wavcllite). 

Lasurite 
Lasylic acid . 

Laterito 

Latex .... 

Lathy riis 

Latrohite (s. Anorthitc, i. 808), 
Laurnontite . . « 

Laurclic add . . . 

Laurie acid . 

Laurates . 

Latiric Ethers 

Laurate of Ethyl ; > 

Laurate of Ulyceryl or Lauro< 
stearin • ' . 

Laurin .... 

Laurone 

Laurosteorin (s. Laurie EUtera). 
Laurua Camphora, Oil of (i. 720). 
Laurus uobilis 
Lava (s. Volcanic products). 
Lavender, Oil of . 

Lavendnlan . 

Lazulite 

Lead .... 

Historicai notices . 

Ores of Lead . . 
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^ ^Metallurgical Treatment of Lead 
ores 

1. Beduction of Lead ores . ^ . 

1. Reduction of Sulphur ores in 

Reverberatory Furnaces . 
a. Method by double decom- 
position . , . • 

English Process 
Cdrintbia Process • 
French Process 
Analysis of Lead'^slaga 
from Rererberatory Fur- 
naces * . . • • ^ 

Action of the Gangae 
b. Process by Affinity . . 4j 

The reduction of Oxygen 
ores of Lead . . . 4^ 

Spanish Air Furnace or 
Homo de Gran Tiro 

2. The reduction of Lead- ores 

in Blast Furnaces . .41 

a. The Cupola or Blast Fur- 

nace . . . . - 

Silesian Furnace 
Hartz Furnace 

Analyses of Matts . . 41 

Analyses of Lead- slags 
from Blast Furnaces . 4! 

Spanish Economic Furnace 4! 

b. The Ore Hearth . . 4! 

The Backwoods Hearth . 

The American Hearth 

The Scotch Hearth . 
Chemical reactions in the 

Blast Furnace . . . 

II. The Refining of the Lead . 6 ' 

1. Desilverisation ; Pattinson’s 

Process .... 
Stagg’s Apparatus — ^Wors- 
ley’s Apparatus . . b 

Parkes* Process . . . 

Separation of Copper in crys- 
tallisation . . . . 6 

2. CupellationorRefiningofrich 

Lead 

The English system 

Chambers’s Steam Blast . o 
Johnson’s Process . . 5 

The German System . . 6 

Separation of Lead from 
Bismuth . . . .6 

Manufacture of Litharge . 5 
8 . Reduction of the Pot-dross 
and Litharge . . • £ 

III. Softening of Hard Lead . 6 

Calcination of the Lead . 

Pontifex and Glassford’s 
Process . . . . o 

Redaction of the Dross . . fi 

Separation of the Antimony . 
Cost of treating Spanish Hard 
Lead ^ 

IV. Smelting of the Slags and 
other products ; 

1. The English Slag Hearth . 

2. The Clausthal Blast Fur- 
nace . . . • • J 

y. Condensation of the Lead 

Fume j 

Stokoe’s Condenser . . . 

Condenser . 
fll^jead-Fumes . 



Lead, Alloys of . . . . 

.nj 1. With Antimony; Type-metal , _ 

2. With Arsenic . . . . ^ 

3. With Bismuth; 4. With Bis- "" 

muth and Antimony; 5. With 

Chromium ; 6. With Copper . 533 
_ 7 . W ith Manganese ; 8. W ith Mer- 

__ cury ; 9. With Mercury and 

Antimony; 10. With Potas- 
slum and Sodium . . .534 

I 11. With Tin; Pewter ^ Solder, &c. — 

/ 12. With Tin and Bismuth: Fusi- 

.Q- ble alloys . ' . . . .536’ 

_ / Mercury, and Bis- 

muth . . . . — 

14. With Tin and Copper : Bronze, 
gQ Bell-metal, &c. ... — 

^ 16. With Zinc .... 637 

— - Lead, Antimonide of (p. 532). 

Lead, Arsenide of (p. 532). 

91 Lead, Bromide of 638 

Acetobromide .... — 

— Lead, Bromocarbonate. 

— Lead, Broniophoaphate and Bromophos- 

— phite of — 

92 Lead, Chloride of — 

Acetochloridc .... 639 

93 Lead, Chlorocarbonate of . . . — 

96 Lead, Chloriodide of . . . . — 

97 Lead, Chlorofluoride of . ... — 

— Lead, Chlorophosphate of . . . — 

— Lead, Clilorophosphitc of . . . — 

— Lead, Detection and Estimation of : 

.. I. Reactions in the Dry Way . 540 

'[Ji II. Reactions in Solution . . — 

III. Quantitative Estimation ; . 

1. Gravimetric methods . — 

2. Volumetric methods . 641 

IV. Separation of Lead from other 

Metals — 

V. Valuation of Lead ores: 

a. By the Wet Way . . 642 

b. By the Dry Way . . — 

E^imation of the Silver . 544 

~ VI. Atomic Weight of Lead . 646 

>10 Lead, Fluoride of 647 

>11 Lead, Hydro-aluminous (s. Plumbo- 

>12 resinite) — 

Lead, Iodide of ... . . — ‘ 

>13 Aceto-iodide — 

>14 lodo-chloride . . . . . — 

Doable salts with the Iodides of Po- 

515 tassium and Sodium ... — 

516 Lead Ores — 

— - Lead, Oxides of 649 

Suboxide — 

>18 Protoxide — 

519 Red oxide 651 

— Sesquioxide . . . . • 658 

Dioxide or Peroxide . . . 554 

620 Compounds with acids ; Peroxy- 

plumbic salts 

Plumbates . . . . • 666 

— Lead, Oxybromide of . . . . — 

Lead, Oxychlorides of . . . . — 

621 Lead, Oxycyanide of (s. Cyanides, ii 

263). 

628 Lead, Oxyfluoride of (iii. 647). ' 

— Lead, Oxygen-salts of . . . . 667 

624 Lead, Oxy-iodides of . . . . — 

52G Lead, Phosphide of . . . , — 
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Selenide <rf . • 

Lead, Sulphides of; 

Tetartosulphide 
Hemisulphide . . 

ProtORulphide : Oaiena . 
Persulphide .... 
Lead, Sulohocarbonate of (s. Sulphocar- 
brtiiatesy 

Lead, S^yhochloride of . 

Lead, Sulphocyauate of (s. Sulphoeya- 
nates). 

Lead, White 

Lead- glance (p. 658). 

Lead-glass 

Ivcad-glaze 

Leadhillite 

l>ead-matt 

Lead-ochre 

Lead-plaster 

Lead-radicles, Organic . 
Plumbotriamyl 
l*lumbotriethyl 
Pliimbotetrethyl 
, Plmnbotrlmethyl . 

PI umbotetramethyl 

Lead -soaps 

.Lea«l-speis.s 

Le.ad- vitriol 

J..eaf-grecn (a. Chlorophyll, i. 022). 

1.. 0.f-red (a. Erythrophyll, ii. 606). 
Leaf-yellow (s. Xanthophyll). 

J^eather 

Lecanoric acid .... 

lA-caiiorin 

Ivccithin 

J.eoontite 

]«eiiererite 

l.ederite (s. Sphene). 

Led i tannic acid .... 
J.edixanthin ..... 
Ledum, Od of . . 

Leedsito 

Leelite (s. Helleflinta, iil. 141). 

Leguniin 

].a}hmanni(e 

Lehrbarhito 

Lehuntilc 

Leifienfrost^s Phenomenon 
J.etnna 

1.. emnian Earth .... 

l.iemon (s. Citrus, i. 1003). 

Lentil 

l^enzinite 

1.. eonhardite 

I.eopardite 

Lepamine ..... 
I.«pargylic acid .... 
Lepidine . . 


Lepamine 


Amyl-lepidine 

Diamvl-lepidine, or Lepamine 
Ethyf-lepidine 

Lepidocrocite .... 
Lepidolite .... 
l^idonielane . 

LepoUte . . • * • 

Leptynite .... 

Lethal fs. HyrisUo Alcohol, iil. 10 
Leocanuine .... 

TriDheavLUMtcaiiiUne . 
LeacasoUtmin (s. Litmiia, UL 780) 
Leoebtoabergito 


Leucic acid 

Ijeueates ..... 

Leucic Ether 

Leuciudin-sulphuric acid (s. Indln-sul 
phuric acid, iii. 268). 

Leucine 


Compounds of Leucine with Acids 
and Bates . . . 

Pseudoleucine 

r.encite 

Leucocyclite 

l^ucoharmino 

Leucolino 

Leucolito (s. Py’cnite). 

Leuoone 

Leuconic acid 

I^uconitrile 

Leucophane 

Ix'ucophyll 

l^ucopyrito 

Leucoroein 

Leucoturic acid 

liovolusan, or Lajvolusan 

Levigation 

Levyne 

Lherzolite 

Liatris 

Libethenito 

I.ichenic acid (s. Fumnric arid, ii, 741). 

Lichenin 

Lichens . 

Lichcnsteoric acid 

Liebenerito 

Liebigito 

Lienin 

Lievrite 

Light . . 

Sources of Light ; 

The Sun and fixed Stars 
Combustion .... 
I’hosnhoresccnce .... 
The Electric Light 
Radiation ..... 

I Velocity of Light 

I 1. Measurement by obsorva- 

j lions of the Eclipses of 

.Jupiter’s Satellites . 

I 2. By the Aberration of the 

fixed Stars 

8. Measurement of the Velo- 
city of Light by small 
distances; 
a. Fizeau’s Method 
fi, Bv means of a revolving 
Mirror .... 
Intensity of Light .... 
Comparison of the Intensity r>f 
two Luminot^s Sources ; PAo- 
tometru 

Rumford’s Photometer . 

Bunsen’s Photometer 

Masson’s Electro-Photometer . 

General results of I’hotornctric 
Observation .... 

Interference 

Fresnel’s Mirror Experiment 
Measurement of Wave-lengths . 
Piifraction 

1, Fringee prodoee<l by Riws 

passing along the Edge of a 
Serpen . . . . . 

2. Fflnges produced l^ tiarrow 



INDEX TO 






■ t y.^:.- . 
uvtH;, 1 
L\y evf. 

vuon. ; : ^ 

t 

n V'*:. 

!v conte'f j. 

»>: 

0^® w"'' 

, vrAuf- 

lOtl^ 

AlCO^ 

nd, 

le 

‘0\^%.. 


,V)dowt, 

iKaw. 

rricfc% 

\X, doe» g: 
tlotuaVimr 

tkefttAsdm 

<^ond^ 


Light: 

3. Fringes produced by two 

narrow Slits very close to- 
gether 604 

4. Fringes produced by very 

narrow Screens . . . — 

6. Fringes produced by Screens 
or Apertures very small in all 
directions . . . • 605 

6. Fringes produced by Grat- 
ings or Network . . — 

Parallel Gratings ... — 

Irregular Gratings . . 607 

Gratings or Network with 
square or round Meshes . 608 
Eeflecting Gratings or stri- 
ated Surfaces ... — 

Reflection and Refraction . . — 

Limitation of Reflected and 
Refracted rays .... 609 
Absorption ..... 610 
Refraction through Prisms . 611 
Angle of Least Deviation . 612 
Measurement of Refractive In- 
dices of Solids and Liquids . — 

Tables of Refractive Indices 
of Solids and Liquids . 615 
Index of Refraction of Gases : 
Refractive Power . . .616 

Dispersion 618 

Newton’s discovery of the Com- 
posite nature of Solar Light 619 
Methods of obtaining the Solar 
Spectrum .... — 

Fixed Lines in the Solar Spec- 
trum 620 

Efiect of Coloured Gases on the 
appearance of the Lines . 621 
Spectra of Flames and Incan- 
descent Bodies . . . 622 

Spectra of the Electric Light . — 

Kirchhoff’a Theory of the 
Lines in the Solar Spectrum . — 
Dispersive Powers of different 

Media 623 

Coefficients of Dispersion.— 
Partial Dispersion . . — 

Gladstone and Dale’s researches 
on the Refraction, Disper- 
sion, and Sensitiveness of 
Liquids . . • • 624 

Tables of Specif c Rifractive 
Energy and Specific Dis- 
persion • 625 

Table of the Refractive in- 
dices of various Liquids for 
the lines A, D, H at 
viifferent temperatures . 626 
Table of the Refractive in- 
dices of various Liquids for 
the lines A, B, C, D, E, 

F, G,Hat20OC. . . 629 

Heating, Chemical, and Phos- 
phorogenic Rays of the Spec- 
trum . ... . 631 

Identity of the Calorific, Lu- 
minous, (’hem leal, and 
Phosphorogenic Rays . 682 

Fluorescence 639 

Absorption ..... 636 
Coloured Absorption . . . 637 

Absorption-spectra of coUnired 


Light: 

liquids : Experiments of 
Stokes and Gladstone . . ( 

Brewster’s Theory of the Spec- 
trum . . . . . 1 

Observations of Airy and 
Helmholtz . . . i 

Decomposition of Light by Reflec- 
tion 

Colours of Bodies . 

Stokes’s Observations on the 
relation between Absorption 
and Reflection . . . . < 

The Colours of Thin Plates . . 1 

Relation between the Indices of 
Refraction and the Thicknesses 
of the Films . . . . < 

Newton’s Table of the Colours of 
Thin Plates . . . . ( 

Colours of Thick Plates 
Composition of Colours . . < 

Helmholtz's Method of Observa- 
tion ' 

Complementary Colours 
Newton’s Construction for the 
calculation of Composite Col- 
ours 

Maxwell’s Method . . . ' 

Nomenclature of Colours . 
Chevreul’s Chromatic Circle . 
Polarisation and I)oul)le Refraction 

1. Polarisation by Reflection from 

the Surfaces of Transparent 
Media .... 
Polarising Angle 

2. By Ordinary Refraction . 

8. By Double Refraction . ^ . 

Separation of the Polarised 
Beams : 

a. By Reflection: NichoVs 
Prism. .... 
By Absorption : Tourma- 
lines .... 
Nature of Polarised Light . 
Interference of Polarised Rays 
Plane, Circular, and Elliptic 
Polarisation . . . 

Theory of Double Refraction : ^ 
Crystals with One Optic Axis 
Crystals with Two Optic Axes 
Reflection from Double Refract- 
ing Media .... 
Colours of Polarised Light . 

• Coloured Rings ; 

In Uniaxial Crystals . • 

In Biaxial Crystals 
Measurement of the Angle 
between the Axes . 
Double-refracting Structure 
produced by Molecular 
Tension .... 
Absorption of Light by Double- 
refracting Crystals : DichroUm 
Circular PSarisation . 

In Quart* and other Crystals . 
In Organic bodies . . . 

Specific Rotatory power 
Transition tint . . • 

Relation between Optical rotatory 
form and Crystalline form . 
Circnlar Polarisation induced by 
Magnetic action . . • . 
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Light, Chemical action of 
• Measurement of the Chemical ac- 
tion of Light .... 
Chlorine and llvdrogen Chemical 
Photometer ot^ Bun^icu and Ros- 
coe ... . . 

Photocliemical Induction 
Comparative ajid absolute Measure- 
ment of the Chemical rays . 
Chemical action tf dilTuse Day- 
light 

Chemical action of direct Sun -light 
Measurement of the Chemical ac- 
tion of the Constituent l*aru of 
the Solar Spectrum . 

Chemical Photometer adapted to 
the purj)ose8 of Meteorological 
Registration .... 
Chemical Brightness of various 
points on the Sun’s Surface 
Optical and Chemical- Extinction of 
the Chemical Rays . 
Photographic Transparency, or 
Diactiiiic Power of ditl’erent 
Media: Miller’s Experiments 
Inflnenceof Light on Plants . 

Photography 

Early Experiments of Wedg- 
wood; Sir IL Davy, and Nibpco 
Daguerreotype . . . . 

Talbotypo 

Collodion Process 
Nature of.tlio Chemical Change 
effected by Light, on Silver 

Salts 

Chromophotography . 
Photographic Engraving, Litho- 
graphy, and (ialvanography . 
Lignin (s. Cellulose, i. HI 8). 

Lignite (s. Coal, i. 1032, and Fuel, il. 721). 

LignoYn 

Lignone or Xylite 

Ligulin (s. Ligustrum). 

Ligurite 

Ligustrin ...... 

Ligustrum 

Liliite 

Limacin 

Limax 

Limbelite 

Lime 

Lime, Chloride of 

Lime, Oil of 

Lime-dower, Oil of .... 

Limestone 

Limettic acid 

Limonin 

Limoni te 

Linarite ....... 

Lincolnite (t. StUbite). 

Lindackerite . .... 

Linin 

Linnseite 

Linoleic add 

IJnteed 

Linteed dl ..... . 

Liparite (s. Floor spar, li. 677). 

Lipieadd 

Li^yl • • • • • • * 

o^oid 

Xiqiiidaiiibar 

Ll^iSda, Dilfiidoii of . • 

L XMdhahm of Saline Solntiona 


Liquids, Difhision of ; 

2. Crystalloids and Colloids . 

8. Application of Liquid DidUsion 
to Clicmical Analysis 
4. Dialysis . . * . . , 

Prei»aration of Colloid Sub- 
stances by Dialysis . 
Liniii<ls, Dispersive Powers of (s. Light, 
in. (>24\ 

Liquids. Expansion of (s. Heat, iii. 52). 
Liquids, Indices of Itefractiou of (s 
I Light, iii. (»15, 627). 

Liquids, Osmose of ... 
Li()ui<ls, Transpiration of 
Liquorice (see Clycyrrhizin, ii, 920). 

Liriodendrin 

Liroc-onito 

Lit boos pore ..... 

Lithium 

Lithium, Chloride of . 

Lithium, Detection and Estimation of s 

1. Koactions in the dry way . 

2. Reactions in Solution . 

8. Quantitativo Estimation and So 
paration .... 

4. Atomic Weight . 

Lithium, Fluoride of 
Lithium, Oxide of .... 
Lithium, Sulpl>ido of . . . 

Lithography (s. Printing, Chemical). 
Lithomargo ..... 
Lithospermum .... 

Litmus 

Liver, (JIvcogenic Function of (s. Gly 
cogen, li. 906). 

Id ver of .Sulphur .... 

Lixiviatiun 

Lixivium 

Loadstone ..... 
Loam (s. Clay, i. 1023). 

Loludino ..... 

Loboito 

Loeiingito ..... 

J^oeweito 

Loganitc ..... 
I/)gwood ..... 
I^monite (s. I^aumontite, iii. 472). 
Lonciiidite ..... 

Lo|)ez-root 

Lophine 

Lophine-salts .... 
I.s)ialite . . . • * 

Loxoclase 

Lubricants 

Lucifer matches .... 
Lucullite (s. Limestone, IH. 697\ 
Luraoccella (s. Limestone, ill. 607). 

Luna cornea 

Lunar caustic . . . . 

Lupiniti 

Lupulin . * 

Lupus Ketallorum 


700 

Lute • • • • 

Luteolin . . 



• 

734 

701 

Lutidine and ^-Lutldlne 


4 


787 

702 

Kthyl-d-lutidine . 
Ethyl 'lutidine 


• 

4 


738 

704 

Metnyl-Zl-IoUdino • 


4 

a 

— 

705 

Lydne • . • • 
Lycopodium • . . 


a ' '* 

4 

4 

780 


Lydian stone * 


4 




Lymph . • • • 

]..yncttrion ; • 


4 

4 

4 ' 

4 

7«i 
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M. 


PAGE 

740 


Mace 

Made 

Macles . . • . * • 

Madder . . • • * , * 

Chemical Constituents of Madder 
Formation of the Red Colouring 
Matters .... 

Use of Madder in Dyeing 
Preparations of Madder . 

1. Sulphuric Charcoal. 2. Garan 
dn. 3. Pincoffin. 4. Garan- 
ceux. 6. Flowers of Madder, 

6. Madder Extracts 
7. Madder-lakes 
Valuation of Madder . 

Madder, East Indian (s. Munjeet). 
Madrepores . 

Magistery 
Magma 
Magnesia Alba 
Magnesia Nigra . 

Magnesite 
Magnesium . 

Magnesium, Bromide of 
Magnesium, Chloride of . - ^ 

Magnesium, Detection and Estimation 
of 

1. Reactions in the dry way . 

2. Reactions in Solution 
8. Quantitative Estimation and Se 

paration .... 

4. Atomic Weight . 

Magnesium, Fluorioe of . . 

Magnesium, Fluoboride of (s. Boro 
duorides, i. 634). 

Magnesium, Fluosilicido of (s. Silico- 
fluorides). 

^lagnesium. Iodide of . 

Magnesium, Nitride of . . . 

^^agnesium, Oxide of : Magnesia . 
Magnesium, Sulphide of 
Magnesium-ethyl 
Mag (lesium - methyl 
jMognetic Iron ore . 

Magnetic Pyrites . . . • 

Magnetism . . . * * 

Distribution of Magnetic Power . 
Direction of a freely-suspended 
Magnetic Bar . . * • 

Magnetic Attraction and Repulsion 
Law of Force with regard to Dis- 
tance determined : 

1. By the Torsion Balance 

2. By the Method of Oscilla 

lions . • . • . ' 

8. By the Form of the Magnetic 

Curves . . ♦ • 

Comparison of the Power of dif- 
ferent Magnets. Distribution 
of Magnetism . 

Magnetic Induction . . 

Molecular Constitution of Mag 
nets . • • . • 

Processes of Magnetisation 
By the Single and Double 
Touph • • 

By the Electric Current 
By Terrestrial Induction 
Circumstances which influence 
the Power of Magnets . 
Influence of Siae and Shape 


741 

744 

746 

748 


750 


751 

752 


753 

754 


755 


757 


758 


769 


760 

761 


763 


764 

765 


Magnetism : ^ 

Influence of Hardening and 
Tempering .... 
Influence of Heat . 

Influence of Mechanical Actions 
on the Magnetic Power of 
Iron .... 

Torsion 

Traction and Flection . 

Magnetism compared with Elec 
tricity ... . 

Universality of Magnetic Action 
Diamagnetism ^ . 

Specific Magnetism 

Influence of Temperature on 
Magnetism and Diamagnet 
ism .... 

Influence of Compression and 
Crystalline Structure on 
Magnetism and Diamagnet 
ism . . . 

Diamagnetic Polarity 
Theory of Diamagnetism . 

Magnetism, Terrestrial . 

1. Declination 

2. Inclination, or Dip 

3. Intensity of the Earth’s Magnetic 

Force . . . • . • , 

Variations of the Magnetic Ele 
ments . . • , / 

Magneto-Electricity (s. Electricity, li 
451). 

Magnetometer .... 

Magnium 

Magnoferrite 

Mahogany 

Maize 

Majorana (s. Marjoram). ^ 

Makwah Butter (s. Galam Butter, ii. 758) — 

Malachite 

Malacolite 

Malacone . . . 

Malamic acidHs. Malic acid, Amides 
Malamide j of, 796). 

Malamylic acid (s. Malic ethers). 

Malanil ... 

Malanilic acid 
Malanilide . 

Maleic acid . 

Maleates 

Bromomaleic acids . 

Chloromaleic acid . 

, Isomaleic acid 
I Maleic Anhydride 
L-ldalic acid 


766 

767 


768 

769 

770 
772 


774 


775 


776 

779 


781 

782 


784 


Malates . 

Bromomalic acid 
Isomalie acid . 

Malic acid. Amides of . 

Malic acid, Phenylated Amidei of 

Diphenyl-nialamide or Malanilide 
Phenyl-malimide or Malanil . 
Phenyl -malamic acid or Malanilic 
acid 

Malic Ethers . 

MaloTle . 

Malonic acid . 

Malt . 

Maltha . 

Malthacite 
Maltose . 

Mancinite 
Mandelic add • 


786 

787 

788 


789 

790 
796 

796 

797 

798 


799 
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indclic acid . 

Mandelates 

ingati'amphibole (s. Rhodonite). 

jiganese 

lliatory 

Preparatiou of the metal 

Properties 

Combinations 

.nganese, Allo^^s of ... . 

nganese, Arsenide of . , 

.nganese, Rroraide of . 

.nganese. Chlorides of ; 

«u Manganous Chloride . 

Hydrated Chloride 
Double salts .... 
fi. Manganic Chloride 
y. Perchloride of Alangane.se . 
nganese, Cyanides of (s. Cyanides, ii. 

:r)8). 

nganese. Detection and Estimation of 

1. Reactions in the dry way . 

2. Reactions in Solution ; 
a. Of Manganous Salts 

Of Manganic Salts 
y. Of Manganates 
5. Of Permanganates . 

3. Quantitative Kstimatiou and Se- 

paration 

4. Valuation of Manganc.so Ore.s . 

5. Atomic Weight of Manganese . 

ingane.sc. Earthy . . . . 

inganc.se, Fluorfdes of . . . 

ingane.se, Crey 

inganese, Iodides of . 

ingnnese, Oxide.s of . . . , 

Protoxide, or Manganous Oxide . 

Hydrated Manganous Oxicle 
Sesfpiinxide, or Manganic Oxide: 
Braunite ..... 
Hydrated Manganic Oxide. 
J^fiinynnUe .... 
Manganoso-manganic or Red 
Oxide: Jlnumnannite 
Dioxide or Peroxide : Pijralu&ite . 
Hydrates of the Peroxide 
Oxides int.cniiediate between the 
Sesquioxide and Dioxide : 
a. Psilomelane . . . . 

p. Varvacito . . . . 

y. Wad, Earthy Cobalt, Cupre- 
ous Manganese 

Valuation of Oxides of Manganese 
inganese, Oxychloride of . 
inganese, Oxysulphide of . 
inganese. Phosphide of . . . 

inganese, Silicide of . 

inganese. Red 

inganese, Sulphide of . . * 

inganese* alum 

inganese-blende ..... 
mganese-glance .... 

inganese-spar 

inc^ic Acids ..... 

Manganates 

Permanganates .... 

mganite 

lagiifiBm 

ingoUl Wnnel 


•nihotic acid 
totla OwB . 
•Aioe • 


PAQS 

Mannidc, Mannitan (a. Manuite). 

Mannite 8>8 

Maiinide 825 

Mannitan — 

Mitro-mannite . . . , — 

Sulpho-maimitic acid . , . — 

Mannitic acid — • 

Mnnnitose ...... 820 

Manure — • 

Marasmolito . . ... 851 

Marble . — ^ 

Marcosito — 

Marcelin 851 

Maix’ylite — 

Marocanite — 

Margai'ic acid — • 

Margarid Ethers 858 

Margarito 

Margarodite — 

i Margarouo 

Marialite 

Marioiiito ......— 

Marine Metal 

Mariotte’.s Law — 

Marjoram, Oil of — 

Marl 8.H 

Marmatile 

Marmolile (s. Serpentine). 

Marrubi'iii ......— 

Marsh Cos ' 

Marsh’s Test for Arsenic (s. Arsenic, i.8G2). 

Martinsitv 85(5 

Martite 

BInrtylumine (s. Xenylaminc), 

Marum-camphor 

Ma.Hcagnine — 

Masopiii — 

Massicot ...... 857 

Massoy Camjihor and Oil . . . — 

Master wort, Oil of . . . . 

Mastic ““ 

Mastic Cement 

MuHiicin 858 

Maticia — - 

Matico, Oil of 

Mat lock ite ““ 

Matricaria . . ... . — 

Maiiilite (s. Lahradorite, iil. (50). 

Maynas Resin . . . . , — 

Meadow Satiron (s. Gratiola onicinalis, 
ii. iH2). 

Meadow-sweet (s. Hpiriea). 

Mechloic acid . . . . 859 

Meconainic acid (». Mcconic acid. Amides 
of). 

Mecoaic acid 

Meconates 800 

51econtc acid, A niides of . . . 801 

Mecoaic Ethers 

Meconiti ^ 

Rromomeconin . . % . 808 

Chloromeexmiii . , . . — 

Pxlomeconin 

Kitromeconin . . • . * 

Meconium ...••• 864 ^ 
Medicago sativa 

Medkitiier, Oil of . • • • . 

MetHidite . • • • • • 

Medullicacid . • • # • *** 

Medullin . • • . « • . 

Meerfcbaam . • • • * • ^ 

MeiUsr . . • • • • ,888 

llegahroniite • . . • . . 
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Mace • 
Made . 
Maclea , 
Madder . 
Chemical 
Forma 
Mat 
Use of M 
Preparat 
1. Suit 
cin. 
ceu3 
6 . » 
7. Ma- 
Valuatio 
Madder, Eaa 
Madrepores 
Magiatery 
Magma 
Magnesia A1 
Magnesia Ni 
Magnesite 
Magnesium 
Magnesium, 
Magnesium, 
Magnesium, 
or 

1. Reac 

2. Reac 
8. Qnat 

par 
4. Aton 
Magnesium, 
Magnesium, 
fluorides. 
Magnesium, 
fluorides). 
IMagnesium, 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magiesium 
SIngnetic I 
Magnetic F 
Magnetic 
DiatriL’ 
Direct) 
Mag 
Magne 
Law 


1 . 

2 . 


3. 
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Meto . 

Meionite 
Melaconite 
MdaYn . 

Melaleuca 
Melam . 

Melamine (a. Cyanuramide, ii. 287). 
Melarapyrin, or Melampyrite (a. Dulcite 
ii. 848). 

Melanasphalt 
Melanchior 
Melanglance 
Melannydrite 
Melanie acid 

Melaniline (s. Phenylamines). 

Melanin . 

Melanite 
Melanocarbimide 
Melanochin • 

Melanochroite 
Melanogallic acid (a. Metagallic acid). 
Melanolite 
Melanoximide 
Melanterite 
Melanurenic acid (s. Cyanuramic acids, 
ii. 287). 

Melaphyre . . • 

Melassic acid .... 

Melene 

Melone, Sulphide of • 

Meletin 

Melin (a. Rutin). 

Melinophane • . • • 

Melczitose .... 

Mol i lot Camphor (a. Coumarin, ii. 
Melinum (s. Cadmium). 

Melissa, Oil of . . . 

Melissic acid .... 

Melissin 

Melitose 

Mellaraicacid fa. Euchrofc acid, ii. 601). 
Mellan (s. Mellone). 

Mellic acid (s. Mellitic acid). 

Mellilite 

Mellimide (a. Mellitimide). 

Mellitiimic acid (a. Mellitic acid. Amides 
of). 

Mellite 

Mellitimide (a. Mellitic acid. Amides of). 
Mellitic acid .... 

Mellitates . . • 

Mellitic acid, Amidea^f • • 

Mellitamide . 

Mellitamic or Euchro’fc acid 
Mellitamide or Paramide 
Paramic acid . . 

Mellitic Anhydride 
Mellitic Ethers . • • 

Mellityl, Chloride of 

Mellone 

Mellonhydric acid (a. Melloaidea)^ 
Mellonidea .... 
Melonemetin .... 

Melopaito .... 
Menaccanite 


PAOB 

865 


93 ). 


866 


867 


868 


869 
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Menaphtoximide > (a.^aphthylamine, 
Menaphthylamine > ‘ 


Mendipiie 
Mene^nlte • 
Mcngiie . • 

Menilite . 
Meniaperfliic acid 
Menispermine 


Derivatives of). 
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Menisperroine; 

Paramenispermine 
Menthene 
Menthol . 

Menthyl ., , 

Menyanthin . ; 

Menyjinthol . 

Mercaptans . 

Mercaptides . 

Mercuraraines and Mercuraramoniums 
(s. Mercury -bases, Ammoniacal). 

Mercurial is 

Mercuric Amylide, Ethide,&c. (seeMer 
cury- radicles, Organic). 

Mercurius 

Mercuro-tetrethyl-aramonium 
Mercury . . . . 

Occurrence, Preparation, and Puri' 
fication .... 

Properties .... 

Combinations .... 

Mercury, Alloys or Amalgams of , 

Mercury, Antimonide of (p. 886). 

Mercury, Arsenide of (p. 886). 

Mercury, Bromides of : 

a. Mercurous Bromide . 

/3. Mercuric Bromide 
Double salts . , 

Mercury, Chlorides of ; 

Mercurous Chloride : Caloinel . 
Preparation 

Impurities and Adulterations 
Properties .... 
Decompositions . 

Compounds with Ammonia, Chlo 
ride of Sulphur, Platinous Oxide, 
Stannous Chloride, and Sul 
]>huric Anhydride . 

Mereuric Chloride : Corrosive Sub' 
Innate ... 

Compounds with Ammonia 

with other Chlorides 
Basic Cupric Acetate 
Mercury, Cyanide of (s. Cyanides, ii. 253). 
Mercury, Detection and Estimation of : 

1. Reactions in the dry way 

2. Reactions in Solution — 

a. Of Mercurous ^alts • . 

p. Of Mercuric Salts . • 

3. Quantitative Estimation . 

4. Separation from other Metals . 

5. Atomic Weight 

Mercury, Ethide of (s. Mercui^'-radicles, 
Organic). 

Mercury, Fluorides of . 

Mercurous Fluoride 
— Silicofluoride 
Mercuric Fluoride , 

— Oxyfluoride 
— Silicofluoride and Oxysilicoflnoride — 
Mercury, Iodides of . . 

Mercurous Iodide . 

Mercuroso-mercuric Iodide . 

Mercuric Iodide . . 

Double Salts of Mercuric Iodide 
Periodide of Mercu^ ? . . 

Mercury, lodochloride of 
Mercury, lodosulphide of (iii. 915). 

Mercury, Mercaptide of (ii 916). 

Mercttfy, Methide of (iii 921), 

Mercury, Nitride of (iii ^17). 

Mercury, Oxides of . . 

Mercurous Oxide . . • 
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Metapectic acid (s. Pectic acid). 

Metapectin (s. Pectin). 

Metaphlorone (s. Phlorone). 

Metaphosphoric acid (s. Phosphorus, 
Oxygen-acids of ). 

"Metasilicates 977 

Metastannic acid (s. Stannic acid, under 
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Metastyrol (s. Cinnamene, i. 982). 
Metatartaric acid (s. Tartaric acid). 
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Metatun gstic acid (s. Tungstic acid). 

Metaxite 

MetaxoUe . . . . 

Meteoric Dust, Iron, Mud, Stones 
Meteorites). 

Meteorites . . 

1. Meteoric Iron 
Analyses of Meteoric Iron . 

2. Meteoric Stones . 

a. Containing Meteoric Iron 
Without Meteoric Iron 
General conclusions respecting the 
constitution of Meteorites . 

Meteoric Mud 
Meteoric Dust 
Literature of Meteorites . 

Methal (s. Myristic Alcohol). 

Methide, Aluminic 
Aluminic Kthide 
Methide, Boric (s. Methyl, Boride of, 
iii. 985). 

Methide, Mercuric (iii. 927). 

Methides, Plumbic (iii. 603). 

Methides, Stannic (s. Tin-radicles, Organic). 
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Methoxacetic acid 

Methplumbethyl (s. Lead-radicles, Or 
ganic, iii. 501). 

Methstannethyl (s. Tin-radicles, Organic). 
Methulmene and Mcthulmic acid . 

Methyl 

Methyl, Antimonides of (i. 344). 

Methyl, Arsenides of (i. 400). 

Methyl, Boride of ... 
Ammonia-boric Methide 
Compounds of Boric Methide with 
Fixed Alkalis 

Methyl, Bromide of . . . 

Methyl, Chloride of . . . 

Monochlorinated Chloride of Methyl 988 
Metliyl, Hydrate of : Methylic Alcohol 
Wood-spirit . . . •. 

Methvl, Ilvdride of (s. Marsh-ga«»^ 

iii. 854). “ 

Methyl, Iodide of . , • • 

Methyl, Oxide of . . . • f 

Methyl, Plumbides of (iii 668). 

Methyl, Selenide of , . . 

Metl^V Sulphides of; 

Protosulphide 

Disulphide .... 

• Trisulphide . • • • 

Methyl, Sulphydrate of. 

Methyl, Telluride of ; Telhtro-methyl 
klethylacetal (s. Methylate of Ethylene) 
Methylacetone (s. Acetone, i. 81). 

Methylal 

Methylamines and Metbylaramonioms 
Methylamine .... 
Melhylamine^ salts . • 

Diniodometbylamine . 

Dimethylamine . . • 

TrimetHylamiiie • • • 
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Met^lamines and Methylammoniums : 
Tetraroethylammonium . 
Methyl-triethyl-ammonium . 
Dimethyl-diethvl-ammonium 
Trimethyl-ethyl-aramonium . ! 

Trimethyl-bromethyl-ammonium . 
Trimethyl -vinyl-ammonium . 
Trimethyl-amyl-ammonium . 
Methyl-ethyl-amylamine 
Methyl-diethyl-amyl ammonium . 
Methyl-amyl-aniline (s. Phenylamines). 
Methyl-araylic Ether (s. Amyl, i. 205), 
Methyl- aniline (s. Phenylamines). 
Methyl-arsines (i. 400). 

Methylate of Amyl (i. 208), 

Methylate of Ethyl (ii. 542). 

Methylate of Ethjdene 

Methylate of Potassium and Methylate 

of Sodium 

Methyl-benxolic or -Benzyienic Ether 
(s. Benzyienic Ethers, i. 577). ' 

Methyl-bromosalicylic acid (iniipili"*' 
cylic Ethers). ^ 

Methyl-brucine . . . . . 

Methyi-butyral . . . ^ 

Methyl- camphoric acid (s. Cam^oric 
acid, i. 732). 

Methyl-camphrene . . . . 

Methyl-caprinol ..... 
Methyl-caproyl (s. Methyl-hexyl). 
Methyl-carbamic acid (s. Carbamic acid, 
i. 751; also Methylamine, iii. 997). 
Methyl-carbamides .... 
Methyl-carbonates (s. Carbonic Ethers, 
i. 801). 

Methyl-chloracetol . . . . 

Methyl -citric acids (s. Citric Ethers, i. 
1001). 

Methyl-chlorosalicylic acid (s. Salicylic 
Ethers). 

Methyl conine (s. Conine, ii. 6). 
Methyl-cyanamide . . . • 

Methyl-cyananiline (s. Phenylamines). 
Methyl-disulphophosphoric acid . jjp; 

Phosphoric Ethers). 

Methyl-dithionic aqid . 

Ethyl-trithionic acid 
Methylene . . • 

Methylene, Acetate of • 

Methylene, Bromide of . 

Methylene, Chloride of . 

Methylene, Iodide of 
M ethyl ene. Oxide of ; Dioxynielhylene . 
Methylene, Sulphides of . . . 

Methylene, Sulphocarbonate of . 

Methylene-pho^honiums (s. Phospho- 
rus-radicles, Organic). 

Methylene -sulphurous add (s. Sul- 
phurous Ethers). 

Methylenitan ...... 

Metbylene-stannamy], and Methylene* 
stannethyl (s. Tin-radicles, Orgartfc). 
Methyl-ethyl-amylamine (iii. 1000). 
Methyl-ethyl-amylo-phenyl-ammonium 
(s. Phenylamines). 

Methyl-ethyl-aniline ( 8. Phenylamines). 
Methyl -ethylate of Ethylene . . • 
Methyl-ethyl-carbamide (s. Carbainidea, 

I 764). 

Methyl-ethyl-conininm (a. Conine, iLO), 
Methyl-ethylic Ether (a. Ethyl-methy* 
lie Ether, ii 542). , 

Meth}d-ethyl-pheny]aaaine (s. Phei^^ 
hunioes). 
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jtbyl- ethyl-urea (s. Methyl-ethyl- 
carbamide). 

sthyl-hepfcylic Ether (s.Heptyl-methy- 
lic Ether). 

3 thyl-hexyl,or Methyl-caproyl . . 1008 

3 thylia (s. Methylamino). 
athylidene-compouuda (s. iii. 1006). 
Bthyl-irisine . . — 

Bthyl- lactic acid (s. Lactic Ethers, iii. 

|62). 

eUiyl-lntidine (s. Lutidino, iii. 738). 
ethyl-malic acid (s. Malic Ethers, iii. 

790). 

ethyl-morphine (s. Morphine, iii. 805G). 
ethyl-nicotine (s. Nicotine). 

ethyl-nitrophcnidine(8.Nitranisidine). 

ethyl-nitrosalycilic acid (s. Salycilic 
Ethers). 

ethyl-ojnanthyl 1009 

fetliyl-oenanthylic Ether (s. Hcptyl- 
j^ttBthy lie Ether, iii. 149). 

{^y}j||pKalic acid (s. Oxalic Ethers). 
.ethylilSiStamic acid (s. Oxamic Ethers), 
ethyl-parabanic acid (s. Cholestre- 
phanej; 

iethyl-paratartaric acid (s. Tartaric 
Ethers). 

frthyl-phenidino (.s. Anisidine, i. 304). 
[ithyl-phenylaniiiio (s. riienylamincs) 
fethyl-plumbines (s. Lead-radicles, Or- 
j;anic, iii. 503). 

lethvl-phosphines and -phosphoniums 

(s, l^liosphorus-radic le.s, Oi f^anicL 
fcthyl-phosphoric acid (s. l*hospliOfic 
Ethers). 

lethyl-phosphorous acid (s. Phos- 
phorous Ethers). 

Icthyl-pipcridinc (s. Pi[)eri(lino). 
lethyl-piperyl-carbainidc (s. Carba- 
inides, i..767). 

Icthyl-salycilic acid (s. Salycilic 
■ Ethers)." 

iethyl-selenic and selenious acids (s. 
ISi^lpaic and Sclenious Elbert). 
iletllirl-Btannethyl (s. 'I'in- rad ides, Or- 
ganic). 

llothyl-stibincs (s. Antimony- radicles, 
Org^ic, i. 344). 

dellillhstrj’^chnine (s. Strychnine), 
liefl^^-sulphuric acid (s. Sulphuric 
dEthera). 

j|ethyl-8ulphophenic acid or Sulphani- 

solic acid — 

Methyl -tartaric acid (s. Tartaric Ethers). 
NIethyl-thiosinamine (a. Thiosiiiamine). 
Methylurarninc ..... 
Methvl-urcas (a. Methyl -carbamidcs, 
under Carbarn ides, i. 754). 

Methyl-xanlhic acid (s. Xanthic Ethers). 

Methysticin 1010 

Metoluidine (s. Mclobenzylamirie; a. 
lienzylamine, i. 57G). 

Mezereum seeds . . • . - . — 

Miargyrite 



Mica 

I. Potash-micas: 

Muscovite . • • 

Lepidolite 1012 

11. Magnesia-micas : 

PMogopite . . • • 

Biotite . f • • • • 101® 

Miea^fllate . . • • • . 1’ 14 

Micliaelite — 

I Vui,. HI. * 


Microbrbmite .... 

Microdin 

Microcosmic salt 

Microlite 

Middletonito 

Mieniite; (s. Dolomite). 

Miesito (s. J’yroinorpliite). 

Milk 

Analysis of Milk .... 
Compovsition of the Milk of ditlerent 

Animals 

! Percentage of Fat in ditferent kinds 

of Milk 

Percentage of Sugar 
J’ercentage of Ash .... 
Tests for Milk Adulterations . 
Milk-quartz 

Milk-sugar 

Products of its Transformation: 

1. Lactose or Galactose • . 

2. Lactocaramel . . . . 

3. Gallactic and Pectolatic acids 

4. Nitrolactin .... 

Millerite 

Millingtonia 

Milo.sdiiu 

Mimetesite 

Mimosa or Acacia Gum 

Mimotaniiic acid 

Mindereri Spiritus 



Mineral acids 

Mineral alkali 

Mineral Caoutchouc .... 
IMineral Chamadeou .... 

Mineral Green 

Mineral Indigo 

Mineral Kermes . . . 

Mineral Oil, I’itdi, Uesin (s. Petroleum). 
Mineral Pnr()le . . 

.Mineral 4'allow (s. Ilatebettin, iii. 14). 
Mineral 'rurpethum .... 
Mineral Waters (s. Water). 

Mineral Yellow 

Minetto 

Minium 

Minjac- Tanka wan or Tinkawaii . 
Mirabdl<'.s (s. Fruit, ii. 7M). 

Mirabilito . . . • . • 

Misenite 

M ispickol 

.Mistletoe 

MIsy 

Miti.s-grecn 

Mizzonite (s, Meconile, iii. 865). 

Modia-stone 

Moduniite ...... 

Mohsine 

Mohsito . . t . . . . 

Molecule ...... 

Molybdenum ..... 

Molybdenum, Alloys of . . . 1 

Molybdenum, Bromides of . 

'l)i-, Tri-, and Tetra-bromide . . J 

Molybdic Oxybromi<le . 
Molybdenum, Chlorides of: 

Dichloride orMolybdous Chloride . 
Trichloride or Molybdoso-molybdie 
Chloride . . . . . 1 

Tetrachloride or Molybrlic Chloride 1 
Ammonlo-molybdic Chloride • 
Molybdenum, Chlorobromidee of . 
Molybdenum : Detection and Estimation 
1. Blowpipe reactions • • 
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Molybdenum .. Detection and Estimationf°“ 
d. Reactions in Solution . . iaqi 

3. Quantitative Estimation and Se- 
paration • . . , ^ 

^ 4. Atomic Weight . , * * 

Molybdenum, Fluorides of 
Molybdenum Glance 
Molybdenum, Iodides of 
Molybdenum. Nitrates and Amides of 
Molybdenum, Oxides of 

Protoxide or Molybdous oxide 
Dioxide or Molybdic oxide . 

Traoxidc or Molybdic Anhydride 
Combinations of the Trioxide • 

With Acids 1036 
XT 1 1 J Bases: Mblvbdafes , 1037 

Mo ybdentim, Oxybroinides of . 1041 

Mo ybdenum. Oxychlorides of . 11 

Molybdenum, Phosphide of . . . loio 

Molybdenum, Sulphides of . 

Disulphide or Molybdic sulphide * 1043 
Trisulphide: Sulphomolyhdic acid . — . 

oulphomolybdates 
Tetrasulphide ; Persulphomolyhdic 

acid *' IQ.;. 

Persulphomolybdates \ \ 
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Molybdin 
Momordica . 

Momordicin . 

Monarda, Oil of 
Monazite 
Monazitoi'd 
Monesin . 

Monheimite , 

, Mono-compounds , 

Monophane , 

Monotropa , 

Monradite 
Monrolite 

Montanine . ] 

Monticellito . , 

Montmorillonite 
. Moonstone 

Mordants (s. Dyeing, ii.’352).’ 

Mordenite 
Moric acid 
Morindin 

Morindone . , 

Moringic acid . 

Morintannic acid . 

Moroxite 
Moroxylic acid 
Morphetine . 

Morphine 

Morphine-salts 

lodomorphine .... 

Methyl- and Ethyl- morphiue' 

MQi^ium 
Moii^holites , 

Mortar . 

Morvenite 
Mosaic Gold . 

Mosandrite . 

Moss Agate . 

Mother-liquor ... 

Mother-of- Pearl . .* ' ‘ ‘ jq-- 

Mountain Cork, or Mountain Leather 

Mountain Blue ... 
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Mountain Green 
Mucic acid 

Mucates . , * ’ 

Mucic Ethers , , * 

Mucidineie , . * 

Mucilage 

Mucin • ! ,* * 

Mucus , , * ’ 

Mudarin. 

Mudesic acid . 

Mudesous acid 
Mill house Blue 
Muller’s Glass 
Mullcrite (s. Sylvanite). 

Mu licitc (s. Vivianite). 

MunjT (s* Electricity, ii. 443), 
Munjistin 

Muntz’s Metal . * 

Murcliisonite . . ! ] 

Murexan . . 1 * 

Murexide (s. Purpurates). 
Murexoin 

Muriacito ..*.** 
Muriatic acid . . i . 

Muriniontite . .* * * 

Musa ... * 

IMuscle . . .* * 

Muscovite 
Muscular Tissue .* 

Musena bark . 

Musenito 

Musk ... * 

Mussel-shells (s. Shells).’ 

Mussite .... 

Mussonite (s. Parisite). ’ 

Mustard. . . . 

Mustard, Oils of . ! 

IMyclocloiie 
Mycoderma 
Mycoinelic acid 
i^Iycose or Trehalose 
IMycliii .... 

Myrica Tallow 
My ricin .... 
l^Iyricyl, Hydrate of 
iAlyristic acid .... 
Myristic Alcohol , 

Myristic Anhydride 
I Myristic Ethers : 

Myristica 
' Myristicin 

Myristin (s. Myristic Ethers 
Myristo-benzoic Anhydride 
M}Ti8tone 

Myristyl, Hydride of 
Myronic acid . 

Myrosin .... 
Myroxocarpin 
Myroxylic acid 
Myroxylon . 

Myrrh .... 

Myrrhin and Myrrhol 
Myrtle . . . 

Mysorin . * . , 
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Mace . * 

Made . •;» 

Macles . •{ 

Madder . .j 

Chemical I 
Format/ 
Matt/ 
Use of M 4 
PreparatM 
1. SulpH 
cin. « 
ceuxi 


6. M 

7. Mad 
Valaatio|3 
Madder, East 
Madrepores , 
Magistery . 
Majijma 
Magnesia Alb 
Magnesia Nig 
Magnesite 
Magnesium 
Magnesium, I 
Magnesium, C 
Magnesium, 1 
of 

1. Reactii 

2. Reacti; 

8. Quanti 

parat; 
4. Atomh 
Magnesium, I 
Magnesium, 
fluorides, i. 
Alagnesium, ! 

fluorides). 
Magnesium, I 
Magnesium, I 
Aiagnesium, (! 
Magnesium, S 
Magnesium-eij 
Magiiesium-n; 
Alagnetic Iroi; 
Magnetic Pyri 
Magnetism! 
Distributj 
Direction*' 
Magne; 
Magnetic! 
Law of 
ta) 

1. R 

2. B 

tic. 

8. B 
Cl 
Compa 
feret! 
of Mj 
Magnetit; 

nets!- 


Procesj 

T<^ 

Byt! 

’ 

Circun 

the 

Infli 



